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Method for installing a rotor blade on a wind turbine

The present invention relates to a method for installing components, in particular a rotor
blade, on a wind turbine. The invention also relates to an installation arrangement for
installing components, in particular a rotor blade, on a wind turbine. In addition, the inven-
tion relates to a transducer for use in a method and/or in an installation arrangement for
installing components, in particular a rotor blade, on a wind turbine. The invention also

relates to a satellite-assisted location and position display.

The invention in particular relates to a horizontal axis wind turbine, in which a rotor having
a rotor blade, usually three rotor blades, rotates about a substantially horizontal axis.
Here, the rotor blades are fastened to a corresponding hub. A possibility for erecting a
wind turbine lies in installing the rotor hub and rotor blades separately, specifically one
after the other. Each rotor blade is thus then fixed to the hub, which is already installed or
preliminarily installed. The method thus can also be applied for the exchange of blades,
including the uninstalling of blades. However, other components, particularly heavy
components weighing more than a ton, such as a generator, a nacelle, a main frame or a
hub, may also be installed. The installation on a wind turbine in this respect relates to the
installation on a wind turbine that has been constructed apart from the corresponding

component to be installed.

In the case of a horizontal installation of a rotor blade, which is discussed here, the rotor
blade is prepared on the ground at the installation site. This of course also includes a
preparation for example on a low-loader. This includes fastening the rotor blade to a
crane rope. In addition, further guide ropes can be fastened to the rotor blade in order to

guide the rotor blade or at least act on the rotor blade in a guiding manner.

The rotor blade is then hoisted using the crane and guided into its horizontal position with
its blade root against the hub, such that it can be received and screwed there.

For this purpose the crane operator hoists the blade in a known manner and then moves
it to the correct height and moves it towards the hub. As a result of the guide rope it is, in
simplified terms, ensured that the rotor blade also points with its blade root towards the
hub. Where necessary, a rotor blade traverse may be provided in addition, which for

example makes it possible to rotate the rotor blade about its longitudinal axis.
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In this respect a comparatively large amount of manual labour is also necessary in this
case. The crane is usually operated manually, wherein commands or communication may
be provided for this purpose via radio equipment or the like. The fastening and prior
receiving of the rotor blade on the hub are manually coordinated and implemented. Man-
ual implementation does not mean that no machines or tools are used. The situation is

similar with use of guide ropes that can be actuated from the ground by winches.

Here, it must be noted that such a rotor blade nowadays may weigh a number of tons.
The length of a modern rotor blade lies in the range of 50 metres and above. Hub heights
nowadays also are often far above 100 metres and for example may also reach 150

meters.

The coordination of these processes is carried out on the basis of the position and orien-
tation of the rotor blade fundamentally visually. An experienced assembly worker recog-
nizes the height and orientation of the rotor blade and controls the lifting and orientating
accordingly. When accurately positioning the root blade relative to the hub, service staff
located at the blade hub can make themselves noticeable by hand signs or by radio
equipment and can give the crane operator or the assembly worker on the ground corre-

sponding signs or instructions by radio.

It is problematic here that such an assembly requires good weather. Such assembly is
not currently possible during a storm or with poor visibility conditions. Here, it must be
noted that even moderate fog may mean that target hubs and therefore installation
heights from 100 to 150 metres can make it impossible to identify the rotor blade, let
alone the orientation thereof. As a result, this also includes lower-lying cloud, particularly

in the case of installations in higher areas.

Similar problems are encountered during a storm, but even with low wind speeds. Even if
the wind were weak enough in principle to allow installation of the rotor blade in that said
rotor blade is held sufficiently strongly by pulling winches arranged at ground level for
example, the strong variation of the wind considerably hinders such an installation pro-
cess as the height increases. Here, it must be noted that the wind speed on the ground,
even at a height of a few metres, is much lower than at 100 or 150 metres above the

ground.

As a result, such blade installations are then only performed when good weather condi-

tions prevail accordingly. Particularly in areas with strong wind and a lot of fog or rain,



10

15

20

25

30

DK/EP 3180284 T3

which also may impair visibility, it is increasingly more difficult to encounter weather
conditions sufficient for the installation of a rotor blade or other components. Accordingly,
the blade installation is then prepared as well as possible, such that it can be performed

as quickly as possible as soon as the weather conditions allow.

Such an installation under time pressure naturally may be problematic for safety and in
addition may also be problematic for the quality of the installation, i.e. for damage-free

installation.

US 2012/0328408 describes a method and apparatus for controlling the orientation of
large components when suspended from a load cable of a crane. For this purpose, guide
ropes are provided, each with an associated winch, and a controller that receives data
from force sensors and controls the winches of the guide ropes to control the orientation
of the load.

EP 2 573 036 A2 relates to a component handling system for use in a wind turbine,
wherein the handling system is used in particular for installing or removing a component
of a drive train of the wind turbine. The component is, for example, a gearbox. With the
aid of sensors, the relative orientation and position of the component with respect to a
drive shaft of the wind turbine is detected and shown on a display.In the priority applica-
tion relating to the present application, the German Patent and Trade Mark Office re-
searched the following prior art: DE 10 2009 056 245 A1.

The object of the present invention is therefore to address at least one of the above-
mentioned problems. In particular, a solution is to be proposed that enables a rotor blade
to be installed in less favourable weather conditions than before. At the least, an alterna-

tive solution to that previously known is to be proposed.

In accordance with the invention a method for installing a rotor blade according to Claim 1
is proposed. This will be described hereinafter in particular on the basis of the example of
a rotor blade. The method steps and necessary installation means, however, can also be
applied analogously to the installation of other components. These include the generator,
the nacelle, the hub specifically the rotor hub, to which the rotor blades are fastened, and
the main frame. The component, which may also be a rotor blade, is thus installed on the
wind turbine if the wind turbine has already been constructed. In any case, the compo-
nent is installed on a partially constructed wind turbine, which at least has a constructed

tower, and the component is installed on the tower or above the tower. The installation
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also includes the mounting, and the invention therefore relates equally to the mounting.
Any claims, embodiments and explanations relating to the installation are also claims,

embodiments and explanations relating to the mounting.

The proposed method is based on a wind turbine that, as soon as it is fully constructed,
has at least one rotor blade. Such a rotor blade has a blade root for fastening to the hub,
i.e. the rotor hub, and a blade tip, i.e. a rotor blade tip, and a longitudinal axis between the
blade root and blade tip. Other components also have longitudinal axes that can be fixed
for orientation. For the generator, the nacelle, the hub, and also the main frame, the axis
of rotation of the generator is preferably selected as the longitudinal axis. For components
other than the rotor blades, a front fastening point and a rear fastening point may be

provided at the location of the blade root and blade tip respectively.

The following method steps are now proposed for the described rotor blade. The rotor
blade is first hoisted using a crane. Whilst being hoisted, measurement data relating to
the position, height position and additionally to the orientation of the rotor blade is record-
ed. At least one measuring means is provided for this purpose. The measurement data is
then transmitted to a monitoring station or control facility. The position and/or orientation

of the component are graphically displayed on the monitoring station.

The monitoring station by way of example may convert the obtained measurement data

into a visualization, which displays the location and position of the rotor blade on a dis-

play.

The control facility may initiate and perform control actions automatically from this meas-
urement data. If, by way of example, it is measured that the blade root of the rotor blade
is not pointing towards the rotor hub, to which the blade is to be fastened, a correspond-
ing actuator can counteract this directly, which will also be further explained hereinafter

on the basis of details.

It is therefore proposed here are to replace or supplement the visual orientating and
positioning of the rotor blades with the recording of measurement values that contain
information necessary for the orientating and positioning.

As aresult, it is at least possible to now also orientate a rotor blade or other components

to be installed, fundamentally suspended on the crane at dizzying height, without visual
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contact. The rotor blade thus can be installed with poor visibility. Hereby, an installation of

the rotor blade in the dark can also be improved or enabled.

In order to record at least some of the measurement data, a transducer is preferably

arranged on the rotor blade or is arranged on the component of the wind turbine to be

installed. This transducer records at least one of the following variables:

- a height position of the rotor blade or of the other component to be installed,

- an inclination of the longitudinal axis of the rotor blade or of the other component to
be installed,

- an orientation of the longitudinal axis in a horizontal plane,

- a rotary position of the rotor blade or of the other component to be installed about
the longitudinal axis,

- temperature, in particular specifically ambient temperature

- the wind speed or wind strength in the region of the transducer, and

- the wind direction in the region of the transducer.

The transducer thus may record values from one or more measuring means and transmit
these values for example to an evaluation apparatus, such as a control facility or display
apparatus. The transducer preferably comprises measuring means. Measuring means

may include a measuring sensor or one or more measuring Sensors.

The transducer in particular may be arranged on the rotor blade approximately centrally
both in the longitudinal and in the transverse orientation. Or, it may be arranged approxi-
mately in the region of the centre of gravity of the rotor blade or other component to be
installed, more specifically preferably in the region of the fastening to the crane. With use
of a rotor blade traverse or other traverse, i.e. when the rotor blade is carried by means of
a rotor blade traverse, the transducer may also be fastened to the rotor blade traverse or
other traverse. The measuring means of the transducer or at least some of said measur-

ing means is/are preferably also arranged there.

With the aid of the measurement data recorded there, the position and orientation of the
rotor blade or of another component to be installed can be established directly at or at
least in the vicinity of the rotor blade. The detection of the height position of the rotor
blade makes it possible to determine the position of said rotor blade, and in particular to
transmit this to the crane or crane operator. At the same time it can be transmitted to a
central control system and additionally or alternatively to a manager, who coordinates the

process of the installation of the rotor blade. For this purpose, a pressure sensor for
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example may be used as a measuring means, which pressure sensor can determine the
height via the air pressure or the air pressure drop. Other variants such as a radio meas-

urement to the ground are also considered.

The detection of an inclination of the longitudinal axis of the rotor blade or other compo-
nent makes it possible to identify an inclination relative to a horizontal orientation and to
take countermeasures where necessary. The detection of the orientation of the longitudi-
nal axis of the rotor blade and therefore of the rotor blade as such in the horizontal plane
in particular also makes it possible to orientate the blade root towards the hub to which
the blade root is to be fastened. Alternatively, fastening flanges of other components to
be installed are orientated relative to corresponding flanges on which the component is to
be installed. This orientation of the longitudinal axis in a horizontal plane thus relates to
the orientation in the sense of one of the compass directions or an orientation there
between. An orientation of the longitudinal axis in a horizontal plane is also to be under-
stood to mean an orientation in the sense of the four compass directions, without the
longitudinal axis itself being orientated horizontally and/or lying in the horizontal plane,

although a horizontal orientation of the longitudinal axis is preferred.

A rotary position of the rotor blade or another component about its longitudinal axis is
advantageously recorded in order to orientate the rotor blade towards the rotor hub in this
respect. However, it may also be helpful, depending on the wind, to orientate the rotor

blade in this respect such that as little surface area as possible is exposed to the wind.

The detection of the inclination of the longitudinal axis, particularly of the rotor blade, and
the detection of the rotary position of the rotor blade or other components about its/their
longitudinal axis may be detected using an inclination sensor, in particular what is known
as an X-Y inclination sensor.

A satellite compass is advantageously used for the orientation in the horizontal plane. All
three angles of the rotor blade or of another component can then be determined funda-
mentally, specifically inclination of the longitudinal axis, orientation of the longitudinal axis
in the horizontal, and rotary position of the rotor blade or of the other component about

the longitudinal axis.

A temperature detection by this transducer, which thus comprises at least one measuring
means in the region of the rotor blade, in this case specifically a temperature sensor, may

be of particular significance in wintry weather conditions around freezing point. Here, it
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may be that the temperature for example 100 metres above the ground differs from the
temperature at ground level. Particularly in the vicinity of the freezing point, there may be
a risk of an ice build-up, which would be indicated with less likelihood on the basis of the

temperature conditions at ground level, or vice versa.

This situation is similar for the wind speed or wind strength in the region of the rotor
blade, which at greater heights, for example in the range from 100 to 150 metres, may be
completely different from that at ground level. Here, the wind speed in particular may be
higher than at ground level. Accordingly, improved information concerning the ambient
conditions in the region of the rotor blade can be provided by the transducer on the rotor
blade.

The same is true for the measurement of a wind direction. This too at a high height may
be different from at ground level. Here, the conditions in the region of the rotor blade,
particularly when already raised approximately to hub height, are more significant than at

ground level.

A further embodiment proposes recording at least some of the measurement data via a
measuring sensor connected to the blade tip and/or the blade root. Such a measuring
sensor may be a force sensor, in particular a tensile force sensor, which there detects a
force or tensile force between the blade root and a guide rope or blade tip and another
guide rope. In particular when the respective guide rope is connected at ground level to a
winch and also can be held there with a specific tension, the force sensor or tensile
sensor may record a corresponding tensile force between the blade root and guide rope
or winch. A corresponding tensile force between the blade tip and guide rope or winch
can be recorded in a similar manner. Movements of the rotor blade or another component
can be detected as a result. However, a guidance of the rotor blade via such guide ropes
can also be improved. In simplified terms, on the basis of an example, it is possible via
such sensors on the guide ropes to better decide whether, in the case of a rotor blade
with a steep inclination of the longitudinal axis, it is better to provide slack at the low-
hanging point via the guide rope or to exert a tensile force at a higher-hanging point of the

rotor blade via the guide rope secured there.

By means of such force transducers, which may also be referred to as measuring clips,
forces in the guide ropes thus can be tracked. The monitoring of the installation thus can

be improved.
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The respective sensors, i.e. in particular a transducer fastened in the centre of the blade
and force transducers arranged on the guide ropes or in similar positions, preferably have
unified output interfaces. By way of example, an output interface having a measurement
signal output from 4 to 20 mA may be used. A further processing using known equipment
thus can be facilitated. Additionally or alternatively, a radio transmission may be imple-
mented, with standardized data protocols. On the one hand a universality thus can be
achieved, and on the other hand a determination and evaluation at a number of locations,
positions and/or pieces of equipment are possible at the same time. Both the crane
operator and the manager on the ground can thus both obtain the same picture of the
situation. At the same time, the data can be transmitted at least partially to control equip-
ment, in particular such as winches for guiding the guide ropes. In the case of the use of
a corresponding lifting traverse, this too may obtain direct measurement data and can
influence a control system.

The measurement data or at least some of said data is preferably evaluated at a monitor-

ing station, and the rotor blade is orientated on this basis.

Measurement values of a plurality of sensors arranged on the rotor blade are preferably
guided to a common node point, in particular on a common radio transmission means. In
particular, values of a satellite compass, which may also be referred to as a GPS com-
pass, an X-Y inclination sensor and a height sensor, may be transmitted to such a com-
mon node, i.e. in particular radio transmission means, for example in a wired manner via
a current signal standardized at 4 to 20 mA. The values of the tensile force sensors or
force sensors may also be transmitted there, wherein a radio transmission may be im-
plemented on account of a large distance from the sensors at the blade tip and blade
root. A transducer arranged in the centre of the blade, whether the geometric centre or

centre of gravity, preferably has a radio transmission node of this type.

The further transmission is then implemented such that this recorded data is sent from
the radio transmission node to a corresponding receiving node in a bundled manner.
Such a receiving node is preferably arranged in a monitoring station stationed on the
ground. There, the data can be evaluated and/or transmitted further, for example via
WLAN, in order to transmit the data or some of said data to further equipment, in particu-

lar terminal equipment, such as laptops or even smartphones.

A preferred embodiment therefore also proposes fastening at least one guide rope to the

blade root and the blade tip or to corresponding fastening points of other components and
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guiding said blade root and blade tip or other components downwardly to the ground and
setting the inclination and/or orientation in the horizontal plane via at least one of these

guide ropes on the basis of the transmitted and/or evaluated measurement data.

Position data of the rotor blade is preferably forwarded to winches in order to control the
guide ropes. The winches preferably operate automatically on the basis of such position
data. For this purpose the corresponding data may be evaluated at the winches or previ-
ously by a central evaluation unit. In particular, evaluations such as the calculation of
differences between actual and desired position are considered. Data relating both to
height and orientation of the rotor blade may lead to a corresponding actuation of the
winches. Even the wind speed or wind direction can be used here in addition. By way of
example, it is proposed that the winches each exert a greater force on the rotor blade in
the event of stronger winds in order to fix the blade more strongly in the wind or at least to
hold the blade still. With weaker wind, less tensile force can be used accordingly.

It is also advantageous when at a, or the, monitoring station boundary conditions such as
wind strength, wind direction and/or temperature are displayed. In particular the three
angles of the blade orientation, specifically inclination of the longitudinal axis, orientation
of the longitudinal axis in the horizontal plane, and rotary position of the rotor blade about
the longitudinal axis can be presented in graph form accordingly. This facilitates on the
one hand the monitoring and identification of the actual, current position and orientation of
the blade. In addition, the communication may also be simplified, and in this case it is
made possible to directly and quantitatively detect any readjustments.

Boundary conditions, such as temperature, wind direction and wind strength may be
prepared and presented as numbers or also graphs. The wind direction in particular may
be illustrated advantageously with reference to the orientation of the rotor blade in the
horizontal plane, for example relative to the sought orientation of the longitudinal axis for

the fastening of the blade.

The force recorded by the tensile force senses may be presented in each case as a
number or graph, for example as a bar chart. The presentation as a bar chart or other
similar presentation may be advantageous in particular for a comparison of the two forc-
es, specifically at the blade root and the blade tip. In addition, the presentation can also
be used for warnings by means of colours, for example an excessively high force or an

excessively steep inclination can be emphasized by a red or different signal colour
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The measurement data is therefore advantageously transmitted to the crane, the ground
and/or a control facility, such as at least one winch for influencing the orientation. It is
favourable when the crane and/or the least one winch changes/change the position
and/or orientation automatically on the basis of the transmitted measurement data. Due to
the proposed recording of measurement data, in particular using transducers and/or
measuring means arranged directly on the rotor blade, data is now available that also
permits reliable automation of the control system or part of the control system. An inclina-
tion or orientation in the horizontal plane by way of example may lead to corresponding
actions of the rope winches that control the two guide ropes. The same is true for other
orientations, such as the inclination of the blade. The rotor blade can also be lifted to the

suitable height in an automated manner as a result.

These transducers and/or measuring means are preferably fastened detachably to the
rotor blade or other component. An advantageous system for detecting the desired
measurement data can thus be provided, which can be re-used for each blade due to the
detachability. The fastening can be achieved by detachable adhesive bonding, screwing
or via use of one or more suction cups. The detachment can be achieved with the aid of
the crane, and additionally or alternatively can be performed by correspondingly automat-

ed detachment apparatuses.

In accordance with the invention an installation arrangement according to Claim 7 for
installing a rotor blade is also proposed. Such an installation arrangement comprises a
crane for lifting and hoisting the rotor blade or another component, at least one transduc-
er for recording measurement data relating to the position and/or orientation of the rotor
blade, wherein the transducer is set up to transmit the measurement data to at least one
monitoring station and/or control facility for controlling the position and/or orientation of
the rotor blade. In particular, this installation arrangement is setup to carry out a method
for installing a rotor blade according to at least one of the embodiments explained above.
In this respect, reference is also made to the explanations of the individual embodiments
of the above-described methods with regard to the explanations of the individual measur-

ing means and evaluation units and transmission units.

The transducer preferably comprises at least one measuring means from the following

list:

- a measuring means fastened to the rotor blade or other component and formed as
an air pressure sensor for detecting a height position of the rotor blade or the other

component,
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- a measuring means fastened to the rotor blade or other component and formed as
an inclination sensor for detecting an inclination of a longitudinal axis of the rotor
blade or the other component,

- a measuring means fastened to the rotor blade or other component and formed as
an inclination sensor for detecting a rotary position of the rotor blade about the lon-
gitudinal axis,

- a measuring means fastened to the rotor blade or other component and formed as
a GPS receiver for detecting an orientation of the rotor blade in a horizontal plane,

- a measuring means, in particular a tensile force sensor, connected to the blade tip
of the rotor blade or a first fastening point of another component, and

- a measuring means, in particular a tensile force sensor, connected to the blade

root of the rotor blade or a second fastening point of another component.

In addition, an evaluation apparatus for evaluating, presenting and/or forwarding the
measurement data to further presentation and/or control equipment is preferably provid-
ed. Due to this evaluation apparatus, which may constitute a central unit for the installa-
tion arrangement, the measurement data may be processed centrally and where neces-
sary also displayed. A forwarding enables the consideration or direct use for control
purposes. Here, it is also envisaged to forward only some of the information, and in
particular it is envisaged specifically to forward to control facilities only the data that they
require, or to already further process or evaluate the measurement data such that control
units obtain direct control signals.

A radio transmission facility is preferably provided, which transmits measurement data
from the rotor blade to a receiving facility, specifically by radio. A radio transmission that
can also bundle the data to be transmitted is thus provided selectively. The data pro-
cessing can be simplified as a result. The radio transmission thus comprises a sending
facility and a receiving facility. The data to be transmitted, preferably from a plurality of
sensors, is bundled in the sending facility and is transmitted jointly. Accordingly, the data
is separated again and/or forwarded in the receiving facility.

The installation arrangement according to one of Claims 10 to 15 comprises a satellite-
assisted locating and positioning display for displaying the location and/or position of the

rotor blade or another component.

In addition, an apparatus according to Claim 16 for displaying the location and/or position

of a rotor blade or another component is proposed. This comprises a sensor for recording
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a satellite-assisted location and/or position, wherein the sensor is set up to be fastened to
a rotor blade or to another component, a display for displaying the location and/or position
of the rotor blade or the other component, and a transmission means for transmitting data
of a location and/or position recorded from the rotor blade or the other component to the
display device.

A user may thus see the current location and/or position of the rotor blade or of the other

component at the installation and may better control the installation.

This apparatus for displaying the location and/or position of a rotor blade or other compo-
nent is also setup for use in a method for installing a rotor blade or other component
and/or for use in an installation arrangement (1) for installing a rotor blade or other com-
ponent in accordance with at least one of the above-described embodiments. The appa-
ratus for displaying the location and/or position of a rotor blade or other component may
also have one or more of the features that have been described in conjunction with at
least one of the above-described embodiments for detecting, transmitting and/or pro-

cessing position and/or location data.

The invention will now be described in greater detail hereinafter by way of example on the

basis of an embodiment with reference to the accompanying drawings.

Figure 1 shows a wind turbine in a perspective view.

Figure 2 shows a schematic illustration of an installation arrangement for installing a

rotor blade.

Figure 3 shows a structure of used sensors of an installation arrangement together

with a monitoring station and the communication therebetween.

Figure 4 shows a possible type of presentation of orientation and position of a rotor

blade on the basis of evaluated measurement data.

Figure 1 shows a wind turbine 100 having a tower 102 and a nacelle 104. A rotor 106
having three rotor blades 108 and a spinner 110 is arranged on the nacelle 104. The rotor
106 is set in rotation by the wind during operation and thus drives a generator in the
nacelle 104.
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Figure 2 schematically shows an installation apparatus 1 and illustrates a rotor blade 2
already lifted for installation on a rotor hub. The rotor blade hangs substantially horizontal-
ly, which is generally the desired orientation, not only in the shown embodiment. Here,
the rotor blade has a blade root 4 and a blade tip 6, however these are both illustrated
here merely schematically. In a central region 8 of the rotor blade 2, the rotor blade 2 is

suspended at two fastening points 10 and hangs substantially from a crane rope 12.

A first guide rope 14 is arranged at the blade tip 6, and a second guide rope 16 is ar-
ranged at the blade root 4 in order to be able to guide in particular the orientation of the

rotor blade 2 from the ground 18.

Each guide rope 14 and 16 has a force sensor 20 and 22 respectively. A tensile force
between the first or second guide rope 14, 16 and the blade tip or blade root 6, 4 respec-

tively can be recorded via the first or second force sensor 20, 22 respectively.

A sensor station 24 is arranged in the central region 8 of the rotor blade 2 and here forms
a transducer. As measuring means, the sensor station comprises a GPS compass 26, an

X-Y inclination sensor 28, and a height sensor 30, as shown in the structure of Figure 3.

The GPS compass 26 can detect the orientation of the rotor blade 2 in a horizontal plane,
i.e. can detect the orientation with respect to the four compass directions in order to show

this clearly.

The X-Y inclination sensor 28 can detect the inclination of the rotor blade or its longitudi-
nal axis and can likewise detect a rotation or a small angle of rotation of the rotor blade
about its longitudinal axis. From the viewpoint of the inclination sensor 28, these are two
rotational coordinates that in particular are arranged at right angles to one another. To-
gether with the GPS compass 26, the angle of orientation of the rotor blade thus can be
detected with respect in particular to three Cartesian coordinates. This also illustrates, in
the display 50 according to Figure 4, the orientation symbol 52, which represents these

three axes of inclination or rotation x, y and z.

The sensor station 24 additionally has the task of receiving values from the two force
sensors 20 and 22. The two force sensors 20 and 22 for this purpose each have a radio
transmitter 21 and 23 respectively. Figure 3 illustrates the structure for this, and Figure 2
illustrates the distance existing between the force sensors 20 and 22 and the sensor
station 24.



10

15

20

25

30

DK/EP 3180284 T3

-14 -

The sensor station 24 then transmits its data further to a ground station 32, which is
arranged on the ground 18. The rotor blade 2 and therefore the sensor station 24 may be

located for example at a height of 150 metres above the ground 18.

Figure 3 illustrates an internal structure of the sensor station, which also has a radio
transmitter 34. The radio transmitter 34, which on account of its function can also be
referred to as a collective radio transmitter, obtains wired signals, in any case in accord-
ance with the embodiment of Figure 3, from the GPS compass 26, the X-Y inclination
sensor 28 and the height sensor 30. These three sensors may provide a plurality of data
items to the radio transmitter 34, for example in each case via a signal in a range from 4
to 20 mA. The radio transmitters 21 and 23 in turn send their information to the radio
transmitter 34. The radio transmitter 34 thus receives measurement data from five sen-
sors, wherein at least the inclination sensor 28 sends data relating to two variables,
specifically the inclination of the blade axis and the rotation of the rotor blade about the

blade axis.

This data is thus received firstly in the radio transmitter 34 and where necessary is pre-
processed, but in any case is transmitted via a further radio link to a monitoring station
32'. The monitoring station 32' may correspond to the ground station 32 according to

Figure 2.

The monitoring station 32', as shown in Figure 3, in turn contains a radio transmitter 36,
which can be referred to as a ground radio transmitter 36 and which primarily receives
data transmitted by radio from the radio transmitter 34 of the sensor station 24. However,
the ground radio transmitter 36 of the monitoring station 32' may also transmit signals
back to the sensor station 24, such as fault signals, should there be any problems with

the radio transmission, or other protocol data.

In the monitoring station 32’ there is then a further transmission of the data in a wired
manner to an input-output module 38, which can introduce a further processing and
distribution of the data. The data or a selection of the data can be transmitted to a control
panel 42 via an SPS module 40, specifically a module having a memory-programmable
control system. In addition, the data or some of said data may be transmitted to a network
module 44. The network module 44, in particular as a wireless network module, can
construct a wireless network and transmit to further terminal equipment, such as a laptop,

surface equipment or other equipment.
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The structure according to Figure 3 advantageously uses three transmission types,
specifically a wired transmission 46, a transmission by WLAN 47 and a transmission by
radio 48, i.e. wirelessly, but different from transmission via known WLAN technology. The
transmission by WLAN 47 is used in particular for transmission to the terminal equipment
49 illustrated symbolically.

The display 50 in Figure 4, besides the orientation symbol 52, also shows a wind turbine
symbol 54, which in particular shows the height to be reached, in this example 136 me-
tres. Besides the wind turbine symbol 54, two bar charts 56 and 58, which illustrate the
recorded force of the first and second force sensor 20, 22 according to 2, in both cases in

the form of a bar, each also output a measurement value as a number.

A status display and next to this the possibility to calibrate the sensors, which is indicated

by the calibration field 60, are located above the wind turbine symbol 54.

A calibration may be considered in particular for an air pressure sensor that incidentally
also additionally can be received as a further measuring means in the sensor station 24
or can be connected thereto, in particular in order to compensate for weather-induced air
pressure fluctuations. A calibration or a comparison may then be performed when the
rotor blade has not yet been raised and is still located substantially on the ground. This
calibration or comparison may also be performed with respect to the height position of the

site of installation, or may be made necessary as a result thereof.

The specific values of the orientation of the three coordinates x, y and z are illustrated
individually below the orientation symbol 52 by corresponding diagrams, which provide
both an analogue and a digital presentation with accurate specification of the respective
angle. These are the Z-angle display, which shows the orientation of the longitudinal axis
in a horizontal plane, the X-angle display 64, which shows the inclination of the rotor
blade or the inclination of the longitudinal axis of the rotor blade, and the Y-angle display

66, which shows an angle of rotation of the rotor blade about its own axis.

An assembly aid for the rotor blade mounting is thus proposed. It is thus possible to lift
and to mount a rotor blade even with an obstructed view. A rotor blade location and

position display is also available for this and is formed on the basis of measurement data.

All three angles of rotation of the rotor blade are thus determined using a satellite com-

pass and an X-Y inclination sensor, specifically in particular all three possible Cartesian
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angles of rotation. The height, i.e. the vertical location of the rotor blade, is determined
using an air pressure sensor. Forces in the guide ropes can be tracked by means of force
transducers, which may also be referred to as measuring clips. The sensors that are
connected in a wired manner to a radio transmitter 34 in the sensor station 24 can for-
ward their information to this radio transmitter 34 or collective radio transmitter 34, for
example via a measurement signal from 4 to 20 mA. In addition, the sensor station 24 for
example may also contain an air pressure sensor. The values thereof can be used direct-

ly as air pressure values or can also be used to specify the height.

The force transducers 20 and 22 of the guide ropes 14 and 16 respectively send their
values by means of radio transmission to the sensor station 24. From there, all measure-
ment values, in the case of Figure 3 the 6 measurement values or 6 measurement sig-
nals, are sent using a further radio transmitter to the ground station 32 or monitoring
station 32'. There, the measurement values are evaluated in a memory-programmable

control system and are displayed on a control panel.

The data is sent on from the ground station 32 or monitoring station 32’ via WLAN and an
FTP server, which is illustrated by the WLAN transmission module 47. It is then possible
to display the same image as on the control panel 42 of the ground station 32 or the
monitoring station 32’, for example using a laptop or other WLAN-capable device, in
particular using a normal Internet browser. Further ground staff can thus also follow the

course of the installation process.
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Patentkrav

1. Fremgangsmade til installering af en rotorvinge (2) pa et vindenergianleeg
(100), hvor rotorvingen har en vingerod (4) til fastgarelse af rotorvingen (2) pa
et nav og en vingespids (6), som vender veek fra vingeroden (4), samt en
langsgaende akse, hvor den langsgaende akse gar fra vingeroden (4) til vin-
gespidsen (6), og

fremgangsmaden omfatter trinnene:

- lofte komponenten (2) op med en kran,

- optage maledata vedr. position, hajdeposition, haeldning af den langsgaende
akse, orientering af den langsgaende akse i et horisontalt plan og drejeposition
af rotorvingen (2) omkring den langsgéende akse af rotorvingen (2) med
mindst et malemiddel (20, 22, 26, 38, 30) under oplaftningen, hvor mindst en
del af maledataene optages via traeksensorer, hvor en treeksensor (20) er an-
bragt i et feringskabel (14), som er forbundet med en vingespids (6) af rotor-
vingen (2), og en anden traeksensor (22) er anbragt i et faringskabel (16), som
er forbundet med en vingerod (4) af rotorvingen (2), hvor fgringskablerne
(14,16) feres nedad mod jorden (18),

- overfere maledataene til mindst en overvagningsstation (32) til overvagning
af opleftningen og til mindst en styreindretning til styring af positionen og/eller
orienteringen af komponenten (2), hvor heeldningen og/eller orienteringen i det
horisontale plan foretages via mindst et af faringskablerne (14, 16) afheengigt
af de overfarte og/eller evaluerede maledata, og

- vise grafisk de i f@ringskablerne eksisterende kreefter samt positionen og den
vinkelmaessige orientering af den langsgaende akse af rotorvingen (2) i et ho-
risontalt plan, en heeldning af den langsgaende akse fra det horisontale plan
og en drejning omkring den langsgaende akse pa overvagningsstationen (32).
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2. Fremgangsmade ifalge krav 1,

kendetegnet ved, at

et malemiddel (20, 22, 26, 38, 30) eller det mindst ene malemiddel (20, 22, 26,
38, 30) er anbragt pa komponenten (2) eller i neerheden deraf med henblik pa
optagelse af mindst en del af maledataene og optager méaledata vedr. mindst
en starrelse fra listen omfattende

- et lufttryk pa komponenten (2),

- temperatur,

- vindhastigheden eller vindstyrken i omradet af malemidlet og

- vindretningen i omradet af malemidlet.

3. Fremgangsmade ifalge et af kravene 1 eller 2,

kendetegnet ved, at

maledataene analyseres pa overvagningsstationen (32), og en orientering af
komponenten (2) eendres afhaengigt af evalueringen.

4. Fremgangsmade ifglge et af de foregaende krav,

kendetegnet ved, at

der pa overvagningsstationen (32) vises randbetingelser sadsom vindstyrke,
vindretning og/eller temperatur.

5. Fremgangsmade ifelge et af de foregaende krav,

kendetegnet ved, at

maledataene overfgres til kranen, til jorden (18) og/eller til en styreindretning
som f.eks. et spil til pavirkning af orienteringen af komponenten (2).

6. Fremgangsmade ifelge et af de foregaende krav,

kendetegnet ved, at

kranen og/eller det mindst ene spil automatisk eendrer position og/eller orien-
tering baseret pa de overferte maledata.

7. Installationsanordning (1) til installering af en rotorvinge (2) pa et vindener-
gianleeg (100), hvor rotorvingen har en vingerod (4) til fastgerelse af rotorvin-
gen (2) pa et nav og en vingespids (6), som vender veek fra vingeroden (4),
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samt en langsgaende akse, hvor den langsgaende akse gar fra vingeroden (4)
til vingespidsen (6), og

installationsanordningen (1) omfatter:

- en kran til at heeve og lafte komponenten (2) op,

- mindst en maleoptageindretning (24) til optagelse af maledata vedr. position,
heeldning af den langsgaende akse, orientering af den langsgaende akse i et
horisontalt plan og drejeposition af rotorvingen (2) omkring den langsgaende
akse af rotorvingen (2) under oplaftningen, hvor mindst en del af méaledataene
optages via treeksensorer, der er forbundet med en vingespids (6) af rotorvin-
gen (2) eller med en vingerod (4) af rotorvingen (2),

- méaleoptageindretningen (24) omfatter en pa rotorvingen (2) fastgjort lufttryk-
sensor til registrering af en hgjdeposition af rotorvingen (2), hvor

- maleoptageindretningen (24) er forberedt til at overfere maledataene il
mindst en overvagningsstation (32) og en styreindretning til styring af positio-
nen og/eller orienteringen af komponenten (2), hvor méaleoptageindretningen
(24) omfatter en pa rotorvingen (2) fastgjort haeldningssensor (28) til registre-
ring af en haeldning (x) af en langsgéende akse af rotorvingen (2), en drejepo-
sition (y) af rotorvingen (2) omkring den langsgaende akse og en traekkraft-
sensor (20), som er forbundet med vingespidsen (6) af rotorvingen (2), og en
treekkraftsensor (22), som er forbundet med vingeroden (4) af rotorvingen (2),
hvor der pa et forreste fastgerelsespunkt ved vingeroden (4) og et bagerste
fastgerelsespunkt ved vingespidsen (6) hver er fastgjort mindst et feringskabel
(14, 16) og feres nedad mod jorden (18), hvor der i hvert faringskabel (14, 16)
er anbragt en af treekkraftsensorerne (20, 22), og haeldningen og/eller oriente-
ringen i det horisontale plan foretages via mindst et af disse faringskabler (14,
16) afheengigt af de overferte og/eller evaluerede maledata, og hvor

- overvagningsstationen er indrettet til grafisk at vise positionen og orienterin-
gen af den langsgaende akse af rotorvingen (2) i et horisontalt plan, en heeld-
ning af den langsgaende akse fra det horisontale plan og en drejning omkring
den langsgaende akse samt kraefterne i feringskablerne pa overvagningssta-
tionen (32).
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8. Installationsanordning (1) ifelge krav 7, som er forberedt til at udfere en
fremgangsmade ifalge et af kravene 1 til 6.

9. Installationsanordning (1) ifalge et af kravene 7 eller 8,

kendetegnet ved, at

den mindst ene maleoptageindretning (24) omfatter et malemiddel (20, 22, 26,
38, 30),

- der er udformet som GPS-modtager til registrering af en orientering af rotor-
vingen (2) i et horisontalt plan (z).

10. Installationsanordning (1) ifalge et af kravene 7 til 9,

kendetegnet ved

en evalueringsindretning (32) til evaluering, visning og/eller videresendelse af
maledataene til yderligere visnings- og/eller styreindretninger.

11. Installationsanordning (1) ifalge et af kravene 7 til 10,

kendetegnet ved

en funktionsoverferselsindretning (34) til overfersel af maledataene fra rotor-
vingen (2) til en modtagelsesindretning (36).

12. Installationsanordning ifelge et af kravene 7 til 11, omfattende
- satellitunderstettet placerings- og positionsvisning til visning af placeringen
og/eller positionen af rotorvingen (2)
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