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tower of a wind turbine to be used during the installation of the tower, and a
method to position the part of the tower. An arrangement to position at least a
part of a wind turbine tower in respect to a counterpart during installation is dis-
closed. The arrangement comprises a sensor 1 to sense a position of a part of the
tower, and means 2 to transmit sensor information to a place in a certain distance
from the sensor. The system further comprises means 3 to evaluate the sensor
data, and means 4 to influence the position of the part of the tower according to
the evaluation of the sensor data.
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Description

Tower positioning system

The invention relates to an arrangement to position a part of
the tower of a wind turbine to be used during the installa-
tion of the tower, and a method to position the part of the

tower.

A wind turbine comprises a rotor, a nacelle, and a tower. For
the installation of a wind turbine, the parts of the turbine
are transported to the installation site. There the parts of
the wind turbine are installed and connected. The tower of
the wind turbine is placed on a foundation, the nacelle is
connected to the tower, and the rotor is attached to the na-

celle.

It is known to install wind turbines onshore and offshore. In
an onshore installation situation, the tower comprises a
flange that is connected to a foundation by bolts and nuts.
The foundation is of concrete and steel and is preinstalled
on the ground. An offshore foundation comprises a monopile or
tripod, for example, that are installed on the sea bed. The
foundation may comprise a transition piece, as an installa-
tion interface to level the flange connection. The tower com-
prises a flange that is connected to the foundation by bolts

and nuts.

For the installation of the tower, the tower is lifted by a
crane and is lowered to be placed on the flange of the foun-
dation. The tower needs to be positioned on the flange of the
foundation in a way that the bolt connection can be estab-
lished.

In some cases electronic equipment, like a transformer of
electric cabinets, is present on the foundation of the tower.

The tower is then lowered over the equipment so that the
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equipment covered by the tower and is later based in the tow-

cr.

During the installation of the tower, both in an offshore or
in an onshore installation situation, the tower needs to be
guided onto the foundation and needs to be precisely posi-

tioned.

An equal task of positioning the tower arises during the in-
stallation of a tower in several parts, when a part of the
tower needs to be connected to a lower part already in-
stalled.

The tower is lowered by the crane, and workers are surveying
the position of the tower, and are guiding the tower into the
desired position. Therefore workers are present on the foun-

dation, or close to the tower of the wind turbine.

Personnel are surveying and correcting the position of the
tower. The workers are therefore present on the foundation
and in the tower. The presence of workers close to or under
the tower during the installation of the tower by crane is a
safety issue. The tower that is lowered by the crane might
shift due to wind or a technical problem and might injure

people.

The aim of the invention is therefore to provide an improved

system to install a tower of a wind turbine.

The object of the invention is achieved by the independent
claims. Further features of the invention are disclosed in

the dependant claims.

An arrangement to position at least a part of a wind turbine
tower in respect to a counterpart during installation is dis-
closed. The arrangement comprises a sensor to sense a posi-

tion of a part of the tower, means to transmit sensor infor-

mation to a place in a certain distance from the sensor,
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means to evaluate the sensor data, and means to influence the
position of the part of the tower according to the evaluation

of the sensor data.

An arrangement is disclosed to assist during the installation
of a wind turbine tower. A wind turbine tower is installed on
a foundation, whereby the tower can be installed in one piece

or in several parts.

In the case of an onshore installation, the foundation is for

example a reinforced concrete foundation.

Thus the counterpart of the part of the tower is a part of

the tower, or a foundation, for example.

The wind turbine tower comprises a flange at the lower end.
The flange is attached to its counterpart at the foundation
by bolts. Therefore, the tower is lifted up by a crane and is

positioned on the foundation.

To establish the bolt connection, the tower has to be pre-

cisely adjusted to the counterpart. For the adjustment of the
part of the tower in respect to the counterpart, the position
of the part of the tower needs to be determined and the posi-
tion of the part of the tower needs to be corrected until the

tower is sufficiently adjusted.

Then, the tower is lowered onto the counterpart and the bolt
connection between the tower and the foundation can be estab-
lished.

An arrangement is disclosed to assist in the adjustment of a
part of the tower. The arrangement can be attached to the
part of the wind turbine tower. The arrangement comprises a

sensor to sense a position of a part of the tower.
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In addition the arrangement comprises means to transmit sen-
sor information to a place in a certain distance from the

sSensor.

The arrangement comprises means to evaluate the sensor data
and means to influence the position of the part of the tower

according to the evaluation of the sensor data.

Thus, the position of the part of the tower can be evaluated
from a place in a certain distance from the tower. Thus, no
personal needs to be present at the tower or close to the

tower during the installation of the part of the tower.

The presence of personal in the area of the tower during the
installation of the tower is a safety problem. The tower is
of heavy weight and can shift due to wind and crane opera-
tion. Thus, the workers in the area of the tower can be in-

fluenced by the part of the tower.

A sensor that is attached to the part of the tower can detect
the position of the tower. The position of the part of the
tower is transmitted to a device in a certain distance from

the tower.

There the position of the tower can be evaluated by workers.
The position of the tower can then be influenced by means
that are attached to the tower and are suitable to influence

the position of the part of the tower.

Thus, no workers need to be present to influence the position
of the part of the tower in respect to the counterpart. The
workers can stay in a safe distance and survey the installa-

tion of the tower from the distance.

The sensor comprises attachment means to attach the sensor to

the part of the tower.
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The sensor comprises attachment means and can be, for exam-
ple, attached to the tower by screws, by glue or in other

ways.

Thus, the sensor comprises a fixed position at the tower and
can sense the position of the part of the tower in respect to

the foundation.

The sensor comprises a magnet to attach the sensor to the

part of the tower magnetically.

The sensor of the arrangement comprises a magnet and the sen-
sor with the magnet can be attached to the part of the tower

magnetically in the case of a steel tower.

Thus, the attachment of the sensor can be achieved guite fast
and no additional screw holes are needed to attach the sen-

SOr.

The sensor is a proximity sensor, an optical sensor, a me-

chanical sensor or an acoustic sensor.

The sensor of the arrangement needs to be capable to detect
the position of the part of the tower in respect to the coun-
terpart. This can be achieved by a proximity sensor detecting

the distance between the sensor and a counterpart.

Alternatively an optical sensor can be used. An optical sen-
sor includes all kind of sensors working in the area of visi-
ble light.

Alternatively a mechanical sensor with an extension and a
switch can be used to detect the proximity of the counterpart

in the tower.

An acoustic sensor can be used whereby an acoustic sensor co-

vers all sensors that work with acoustic sounds. Acoustic
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sensors show the advantage that they also work under the ab-

sence of light.

The sensor comprises a camera to produce an image of the po-

sitioning situation.

The sensor can in addition comprise a camera that produces a
two-dimensional image to visualize the position of the part
of the tower in respect to the counterpart during installa-
tion, for a better evaluation of the position of the part of
the tower. The sensor can also comprise a camera producing a
three-dimensional image of the installation situation for an

even better evaluation of the installation situation.

The arrangement comprises at least three sensors to sense the

position of the part of the tower.

The tower is a cylindrical object, thus it shows a circular
cross-cut. The tower needs to be positioned with the circular
cross-cut to the foundation. To evaluate the position of the
part of the tower an arrangement with three sensors, that are
attached to the tower in a distance of around 120 degrees
along the circular cross-cut, leads to an optimum of the de-
tection of the position of the part of the tower and a number

of sensors needed.

The means to transmit the sensor information 1s a wireless

transmission system.

The signal of the sensor needs to be transmitted to a device
to evaluate the position of the part of the tower. This
transmission can be done by a cable leading to an opening in
the tower, for example a ventilation opening, or the trans-

mission can be done wireless.

A wireless transmission shows the advantage that no cable is

needed and the arrangement is the most flexible.
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The means to influence the position of the part of the tower
comprises a guiding wire prepared to be attached to the tow-

cr.

The position of the part of the tower can be influenced by
pushing or pulling the part of the tower into the right posi-

tion.

To pull the part of the tower into the right position a guid-
ing wire can be used. The guiding wire can be attached to the
part for the tower and the position of the part of the tower

can be stabilized and influenced by the wire.

The position of the part of the tower can be changed by pull-

ing at the wire.

The arrangement comprises a certain number of sensors and the

same number of guiding wires.

Thus, every guiding wire is handled according to one sensor
signal. Thus, the evaluation of the sensor signals and han-
dling of the guiding wires is the most direct and thus the

easiest to perform.

The arrangement comprises three sensors and three guiding

wires.

As described above an arrangement with three sensors gives
the optimum overview of the position of the part of the tower

compared to the number of sensors needed.

The position of the part of the tower can be influenced by
three guiding wires, thus every guiding wire is handled ac-

cording to the evaluation of one sensor signal.

Thus, the handling of the guiding wires is the most direct

after evaluation of the sensor signal.
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The arrangement comprises means to act on a guiding wire to

influence the position of the part of the tower.

The position of the part of the tower can be influenced by
pulling at the guiding wire. The force to pull at the guiding
wire can come from workers pulling at the guiding wire or

workers can handle winches.

Alternatively, the guiding wires can be handled by a motor-

ized winch for example.

Means to act on the guiding wire cover all kind of mechanisms
to handle a force needed to pull at the guiding wire and in-

fluence the position of the part of the tower.

Thus, controlling the position of the part of the tower is
independent from the workers and the force of the workers

handling the guiding wire.

A method is disclosed to position at least a part of the wind
turbine tower in respect to a counterpart during installa-

tion.

The arrangement comprises a sensor, means to transmit sensor
information, means to evaluate the sensor information and

means to influence the position of the part of the tower.

The method comprises the steps of attaching the sensor to a
part of the tower, sensing the position of the part of the
tower, transmitting sensor information to a place in a cer-
tain distance from the sensor, evaluating the sensor infor-
mation, influencing the position of the part of the tower ac-

cording to the evaluation of the sensor data.

Thus, an arrangement as described above can be attached to a
tower to sense the position of the part of the tower in re-

spect to a counterpart.
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The sensor signal is then transmitted to a place in a certain
distance from the sensor, and thus from the tower, and the

sensor information is evaluated in the distance.

The position of the part of the tower can be influenced by
means that are connected to the tower. The position of the
part of the tower is influenced according to the sensor data

that is evaluated in the distance from the tower.

Thus, the installation of a part of the tower, especially the
positioning of the part of the tower can be performed gquicker
and safer as no workers need to be present in the vicinity of

the tower during the installation.

The sensor comprises a magnet and the method comprises the
additional step of attaching the sensor to the part of the

tower by magnetic force.

The tower is a steel tower and a sensor with the magnet can
be positioned anywhere on the steel tower. Thus, no time is
needed to screw the sensor to the tower and no additional at-
tachment means are necessary. Thus the installation of the

sensor at the tower can be performed very quickly.

The arrangement comprises a camera and the method comprises
the additional steps of generating an image of the position-
ing situation, transmitting the image taken by the camera and

evaluating the image.

For the worker positioning the tower a visual impression is

the most direct sensor information possible.

The arrangement comprises a camera and the picture generated
by the camera is transmitted to the evaluation unit in a cer-

tain distance of the tower.

The image of the camera can thus be evaluated in the distance

and no worker has to be present at the tower to get a visual
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impression of the position of the part of the tower in re-

spect to its counterpart.

The arrangement comprises a guiding wire and the method com-
prises the additional step of attaching the guiding wire to
the part of the tower and influencing the position of the

part of the tower by acting on the guiding wire.

A guiding wire is attached to the part of the tower that

needs to be positioned. The guiding wire can be attached to
the tower by a belt going around the part of the tower. The
position of the part of the tower can be influenced by pull-

ing on the guiding wire.

Thus, no worker needs to be present at the tower to influence
the position of the part of the tower. The position of the

part of the tower can be influenced from the distance.
The invention is shown in more detail by the help of figures.

The figures show a preferred configuration and do not limit

the scope of the invention.

FIG

=

shows the arrangement as in use at the tower,

FIG 2 shows a second installation situation,

FIG 3 shows a different sensor attached to the tower,

FIG 4 shows a birds-eye view on the installation situation.

Figure 1 shows the arrangement that is installed at the tow-

cr.

The arrangement comprises a sensor 1. The sensor 1 can be a
mechanical sensor, optical sensor, acoustic sensor for exam-

ple.
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The part of the tower 10 comprises a flange 11 at the lower
end. The flange 11 needs to be connected to a foundation 12
whereby the bolt holes and the flange 11 of the part of the
tower 10 need to be aligned with the bolt holes 15 and the

foundation 12.

The sensor 1 senses the position of the part of the tower 10

in respect to the foundation 12.

The signal of the sensor 1 is transmitted by means 2 to
transmit the sensor signal to an evaluation unit 3. The sig-
nal of the sensor 1 and thus the position of the part of the
tower 10 can be an evaluated with the means 3 to evaluate the

position in certain distance from the tower.

The tower is lowered onto the foundation in a mounting direc-

tion M.

After the position of the tower is evaluated the position of
the tower can be influenced by means 4 to influence the posi-
tion of the tower. The position of the tower can be influ-

enced in the directions D.

Thus, no worker needs to be present at the tower or in the
tower, to visually survey the positioning of the tower, and
no worker needs to be present close to the tower to influence
the position of the tower, during the installation of the

tower on the foundation.

Figure 2 shows a second installation situation.

The part of the tower 10 is installed on the foundation 12.
The part of the tower 10 comprises a flange 11 with a bolt
hole 15. The foundation 12 comprises bolts 16 and the part of
the tower 10 needs to be aligned with its bolt holes 15 to
fit to the position of the bolts 16.
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An electrical cabinet 13 is present on the foundation 12 and
the part of the tower 10 is installed on the foundation 12
over the electrical cabinet 13 in a way that the electrical
cabinet 13 is positioned within the part of the tower 10 af-
ter the installation of the part of the tower 10 to the foun-
dation 12.

Thus, during the installation of the part of the tower 10 a
special care has to be taken that the electrical cabinet is

not damaged by the part of the tower 10 and the flange 11.

Thus, the arrangement to position the tower is used. Sensors
1 are connected by a magnet 6 to the flange 11 of the part of
the tower 10. The sensors 1 sense the position of the tower
in respect to the electrical cabinet 13 and in respect to the
bolts 16 of the foundation 12.

The arrangement comprises means 2 to transmit the sensor sig-
nal to an evaluation unit. The means 2 to transmit the sensor

signal are wireless connection means.

The means 3 to evaluate the sensor signal receives the infor-
mation from the sensor 1. After the evaluation of the posi-
tion of the tower, the position of the tower can be influ-

enced by means 4 to influence the position.

The means 4 comprises guiding wires 8 that can be handled by
means 9 to act on a guiding wire. The tower is lowered onto

the foundation in a mounting direction M. During lowering of
the tower the position of the tower can be influenced by the

means 9 acting on a guiding wire 8.
Figure 3 shows a different sensor attached to the tower.
The part of the tower 10 comprises a flange 11 with bolt

holes 15. The part of the tower 10 is installed on a founda-

tion 12 that comprises a flange 14. For an adjustment of the
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position of the part of the tower 10 in respect to the coun-

terpart 12, a sensor is attached to the part of the tower 10.

The sensor 1 is a visual sensor with a camera 7. The camera 7
creates an image of the installation situation of the tower

and the counterpart.

The camera is attached to the tower by attachment means 5.
The camera comprises a moveable Jjoint so that the camera 7 at

the sensor 1 can be adjusted in its position.

Preferably, the moveable joint and thus the position of the
camera 7 at the sensor 1 can be adjusted by a remote control

and by a motor at the joint 17.

Figure 4 shows a birds-eye view on the installation situa-

tion.

The part of the tower 10 shows a circular cross-cut. Sensors

1 are installed within the tower.

At the outside of the tower guiding wires 8 are attached to
the tower to influence the position of the tower. The means
to position the influence of the tower comprises the guiding

wire and means 9 to act on the guiding wire.

The signals of the sensors 1 are transferred to the means 3
to evaluate the position of the tower. The position of the

tower can then be influenced by pulling on the guide wires 8.

The arrangement comprises three sensors 1 and three guide
wires 8. The guiding wires 8 are attached to the tower in a
distance of around 120 degrees along the circular cross-cut

of the tower.

Thus, the position of the tower can be precisely defined
through three wires, and three wires is the minimum number

needed to precisely define the position of the tower.
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For every guiding wire 8 one sensor 1 is needed. Thus, a di-
rect relation exists between the sensor signal 1 and the
guiding wire 8. Thus the handling of the positioning of the

tower is simplified.

The illustration in the drawings is in schematic form. It is
noted that in different figures, similar or identical ele-

ments are provided with the same reference signs.

Although the present invention has been described in detail
with reference to the preferred embodiment, it is to be un-
derstood that the present invention is not limited by the
disclosed examples, and that numerous additional modifica-
tions and variations could be made thereto by a person
skilled in the art without departing from the scope of the

invention.

It should be noted that the use of "a" or "an" throughout
this application does not exclude a plurality, and "compris-
ing" does not exclude other steps or elements. Also elements
described in association with different embodiments may be
combined. It should also be noted that reference signs in the
claims should not be construed as limiting the scope of the

claims.
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Claims

Arrangement to position at least a part of a wind turbine

tower in resgspect to a counterpart during installation,

comprising

- a sensor (1) to sense a position of a part of the tower,

- means (2) to transmit sensor information to a place in a
certain distance from the sensor,

- means (3) to evaluate the sensor data, and

- means (4) to influence the position of the part of the
tower in respect to the counterpart according to the

evaluation of the sensor data.

Arrangement according to claim 1, characterized in that
the sensor comprises attachment means (5) to attach the

sensor to the part of the tower.

Arrangement according to one or the preceding claims,
characterized in that the sensor comprises a magnet (6) to

attach the sensor to the part of the tower magnetically.

Arrangement according to one or the preceding claims,
characterized in that the sensor is a proximity sensor, an

optical sensor, a mechanical sensor or an acoustic sensor.

Arrangement according to one or the preceding claims,
characterized in that the sensor comprises a camera (7) to

produce an image of the positioning situation.

Arrangement according to one or the preceding claims,
characterized in that the arrangement comprises at least
three sensors (1) to sense the position of the part of the

tower.

Arrangement according to one or the preceding claims,
characterized in that the means (2) to transmit the sensor

information is a wireless transmission system (8).
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10.

11.

12.

13.

16

Arrangement according to one or the preceding claims,
characterized in that the means (4) to influence the posi-
tion of the part of the tower comprises a guiding wire (8)
attached to the part of the tower.

Arrangement according claim 8, characterized in that the
arrangement comprises a certain number of sensors (1) and

the same number of guiding wires (8).

Arrangement according claim 9, characterized in that the
arrangement comprises three sensors (1) and three guiding

wires (8).

Arrangement according to claim 8, characterized in that
the arrangement comprises means (9) to act on the guiding

wire to influence the position of the part of the tower.

Method to position at least a part of a wind turbine tow-

er (10) in respect to a counterpart during installation,

whereby the arrangement comprises a sensor (1), means (2)

to transmit sensor information, means (3) to evaluate the

sensor information, and means (4) to influence the posi-

tion of the part of the tower (10),

comprising the steps of

- attaching the sensor (1) to a part of the tower (10),

- sensing the position of the part of the tower (10),

- transmitting sensor information to a place in a certain
distance from the sensor (1),

- evaluating the sensor information,

- influencing the position of the part of the tower ac-

cording to the evaluation of the sensor data.

Method according to claim 12, whereby the sensor (1) com-
prises a magnet (6), comprising the step of attaching the
sensor (1) to the part of the tower (10) by magnetic

force.
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14. Method according to claim 12, whereby the arrangement
comprises a camera (7), comprising the steps of
- generating an image of the positioning situation,
- transmitting the image taken by the camera (7), and

- evaluating the image.

15. Method according to claim 12, whereby the arrangement
comprises a guiding wire (8), comprising the step of
- attaching the guiding wire (8) to the part of the tower
(10),
- influencing the position of the part of the tower (10)
by acting on the guiding wire (8).
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