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DESCRIPTION

[0001] The present invention relates to a weighing device for determining a property of a rotor
blade for a wind turbine, such as the weight, the mass or the torque of the rotor blade. The
invention also relates to the use of such a weighing device and a method of determining one of
the mentioned properties of a wind turbine rotor blade.

[0002] When providing a wind turbine with rotor blades, it is important that all rotor blades have
a similar torque. A similar torque of all rotor blades avoids imbalances of the rotor due to
different torques. This avoids problematic vibrations during operation of the wind turbine, i.e.
during rotation of the rotor of the wind turbine. Regarding the torque differences, even small
deviations of the respective torques of the rotor blades can lead to these vibrations. Generally,
deviations of more than one percent, in particular of more than 0.5 percent of the torque of one
single rotor blade shall be avoided.

[0003] Therefore, a high accuracy during determination of the torque of a rotor blade after
manufacturing is required.

[0004] Conventionally, a weighing device for a rotor blade comprises a weight cell which can,
for instance, be designed with a spring or similar means for quantifying the weight which is due
to the mass of the rotor blade and which is acting on the weight cell. Weight cells are regularly
available in the market. However, conventional weight cells have a certain limit regarding the
accuracy.

[0005] Document RU 2204117 C2 discloses a weighing device suitable for determining the
weight of a rotor blade of a wind turbine with a first seat for receiving the rotor blade, a first
weight cell for quantifying a first weight which is acting on the first weight cell, a first
counterweight which is configured to alleviate the first weight and where the rotor blade
comprises a leading edge section and a trailing edge section.

[0006] Currently, it is accepted that the accuracy of the determination of the weight of a rotor
blade is heavily influenced by the accuracy of the weight cell of the weighing device which is
used.

[0007] The present invention aims in particular to providing a concept which improves the
current situation. Generally, the invention aims to provide a device which is able to determine a
property of a rotor blade of a wind turbine with high accuracy.

[0008] Such a concept is disclosed in the independent apparatus claim 1 and method claim 9.
Advantageous modifications and variations are disclosed in the dependent claims.

[0009] There is provided a weighing device for determining a property of a rotor blade of a
wind turbine. The weighing device comprises a first seat for receiving the rotor blade at a first
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radial position of the rotor blade, a second seat for receiving the rotor blade at a second radial
position of the rotor blade, a first weight cell for quantifying a first weight which is acting on the
first weight cell, a second weight cell for quantifying a second weight which is acting on the
second weight cell, and a first counterweight which is configured to alleviate the first weight.
Notably, the first counterweight is lifted up from the ground when the rotor blade is received by
the first seat of the weighing device.

[0010] A weighing device is also referred to as a weighing scale or, simply, a scale. A weighing
device is referred to as a device which is able to determine a weight of an object. In this case,
the weighing device is destined for determining a property of a rotor blade, wherein the rotor
blade is suitable to be used at a wind turbine. Note that, in principle, the present invention can
be used for determining the mass of any object, in particular heavy objects featuring a mass
above e.g. one ton. An example of an object which is somehow similar to a wind turbine rotor
blade and which could be assessed by the present device is, for instance, a rotor blade for
marine current turbines.

[0011] The weighing device comprises means for receiving the rotor blade. In other words, it
comprises means for accommodating and placing the object to be weighed, in this regards
means for placing the rotor blade.

[0012] Furthermore, the weighing device comprises means for quantifying the force which is
acting on it. Therefore, a weight cell, which can be designed like a spring, for example a metal
spring, is used, wherein the weight cell can be compressed by a force which is acting on it.

[0013] As it is well-known for the person skilled in the art, the weight of an object is defined as
the force which is acting on the object due to the gravity. The weight is usually described and
referenced in the unit of Newton. The ratio of the weight and the (local) gravitational
acceleration g is defined as the mass of the object. The mass of the object is a parameter or
characteristic which is independent of the location where the object is situated. The weight cell
is thus able to quantify the weight which is acting on it, and therefore indirectly the mass of the
object.

[0014] A key aspect of the present invention is that in contrast to the prior art where the weight
cell is experiencing the entire weight of the rotor blade (in the case of several weight cells, the
entire weight of the rotor blade is experienced by several weight cells), in the present concept
of a weighing device there is provided a counterweight which is chosen such that it takes away
one part of the weight acting on the weight cell, such that the weight cell is only required to act
in a "limited” regime.

[0015] To give a concrete example, the weighing device may comprise a first unit which is
placed in close vicinity to the root of the rotor blade and a second unit which is placed at two
thirds of the blade length, as measured from the root. Exemplarily, the length of the rotor blade
is sixty meters and the mass of the rotor blade is twenty tons. Multiplying the mass with a

gravitational acceleration of 9.81 m/s? results in a weight of the rotor blade of approximately
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196 kilo Newton. Furthermore, it is assumed that the distance of the root to the center of the
rotor (axis) is 2 meters, in the mounted state of the rotor blade.

[0016] It is assumed that the torque of the rotor blade shall be determined, wherein, for sake
of simplicity, the torque of the rotor blade is defined as the sum of (i) the product of the first
weight and the distance of the first unit to the rotor center with (ii) the product of the second
weight and the distance of the second unit to the rotor center.

[0017] Thus, if, exemplarily, the first unit is placed 0.5 meters away from the root and the first
weight cell measures a first weight of 150 kilo Newton, while the second unit is placed 40
meters away from the root and measures 46 kilo Newton, the torque of the rotor blade would
sum up to 2.5 * 150 kilo Newton * meter + 42 * 46 kilo Newton * meter = 2307 kilo Newton *
meter.

[0018] Conventionally, the first weight cell is required to bear a weight of 150 kilo Newton and
the second weight cell is required to bear a weight of 46 kilo Newton.

[0019] The benefit of the inventive weighing device would be to add a counterweight. The
counterweight could be added to the first unit and is thus referred to as the first counterweight.
If, for example, the first counterweight has a mass of 14 tons, which is equivalent to ca. 137
kilo Newton, the first weight cell would only be required to bear a weight of 13 kilo Newton. This
results in a significantly improved accuracy of the weight measurement which is carried out by
means of the first weight cell.

[0020] Therefore, advantageously, a rough estimation of the mass of the rotor blade is made,
and based on that estimation, a certain safety margin is deduced from the expected mass such
that the mass of the counterweight is safely below the actual mass of the rotor blade to be
measured. In practice, it is realistic that the approximate mass of the rotor blade is estimated
correctly, as deviations of the actual mass compared to the targeted mass are expected only
up to a certain extent. The difference between the mass of the counterweight and the mass of
the rotor blade can be in the range of less than 10 percent, in particular less than 5 percent of
the mass of the rotor blade.

[0021] Note that the first counterweight is lifted up from the ground when the rotor blade is
received by the first seat of the weighing device.

[0022] In other words, when the rotor blade is placed on the weighing device, the first
counterweight is fully lifted up from the ground and the additional weight, which is still acting on
the first weight cell, is then quantified by the first weight cell.

[0023] Although the seat of the weighing device could have in principle a lengthwise extension
which is similar to the total length of the rotor blade to be measured, it is advantageous to
choose a longitudinal, i.e. lengthwise extension of the seat which is smaller and
advantageously much smaller than the total length of the rotor blade. In general, it is only
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required that the rotor blade is safely positioned and fixed. For this regard, there is normally
only required a length of less than a few percent of the total length of the rotor blade.

[0024] According to the invention, the rotor blade which comprises a leading edge section and
a trailing edge section is placed such into the seat of the weighing device that the leading edge
section of the rotor blade is facing the seat of the weighing device.

[0025] This is advantageous because typically the leading edge section of the rotor blade is
relatively round, while the trailing edge section may feature sharp edges and may be delicate
to handle. In particular, it is generally not desired that the delicate trailing edge is supporting
the total weight of the rotor blade.

[0026] In another embodiment of the invention, the weighing device is configured such that it is
designed as one entire system, such that the counterweight is integrated and directly
connected to the seat. Alternatively, the seat and the counterweight may be designed
separately from each other. In the latter case, there is the advantage that the conventional
seat with the weight cell can be used and that there is only added the counterweight part of it.
Note that if this embodiment is realized, the weight cell itself might be substituted as the weight
which the weight cell needs to be determined is different.

[0027] In another embodiment of the invention, the first radial position is located between the
root of the rotor blade and twenty per cent of the blade length, as measured from the root.

[0028] It is advantageous that the first radial position is in immediate vicinity to the root of the
rotor blade for several reasons. First, the cross section of the rotor blade is typically circular at
the root, thus the rotor blade can neatly be placed into the first seat of the weighing device.
Second, a provision of a corresponding support mechanism to align and support the placement
of the rotor blade into the first seat can more easily carried out at the root than further
outboard of the rotor blade.

[0029] Regarding the second radial position, i.e. the position where the second unit of the
weighing device is placed, it has been proven that a location between sixty per cent and eighty
per cent of the blade length, as measured from the root of the rotor blade, is advantageous.
This is due to the fact that if the second unit is placed too much outboard, e.g. at the tip section
of the rotor blade, there exists the risk that the rotor blade hangs down and touches the
ground, instead of being safely and reliably received by the second seat. Note in this respect
that the center of gravity is between one quarter and one half of the length of the blade, as
measured from the root of the blade, for many typical rotor blades.

[0030] In another embodiment of the invention, the mass of the first counterweight is chosen
such that the product of the mass of the first counterweight and the gravitational acceleration is

smaller than an expected value for the first weight acting on the first weight cell.

[0031] Advantageously, the weighing device comprises a second counterweight which is
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configured to alleviate the second weight.

[0032] Note that an advantageous and relevant effect can already be obtained by only
equipping one weight cell with a counterweight (e.g. the first weight cell). However, an even
further increase of the accuracy of the weight measurement can be obtained by also providing
a counterweight for the second weight cell, namely a second counterweight. Obviously, the
mass of the second counterweight needs to be adapted with regard to the expected "load" of
the second weight cell, i.e. the weight, which is expected to act on the second weight cell.

[0033] In other words, the mass of the second counterweight is chosen such that the product
of the mass of the second counterweight and the gravitational acceleration is smaller than an
expected value for the second weight acting on the second weight cell.

[0034] In yet another embodiment, the mass of the first counterweight is smaller than the mass
of the second counterweight, in particular smaller than thirty per cent of the mass of the
second counterweight.

[0035] Generally speaking, the above described weighing device is suitable to determine a
"property”, i.e. a characteristic or parameter or measurement quantity, of the rotor blade.
Examples of suitable parameters are the weight, the mass or the torque of the rotor blade.

[0036] It is assumed that the weight cells, i.e. the first weight cell and the second weight cell,
measure the weight which is acting on them, respectively, in unities of Newton.

[0037] Then, the weight of the rotor blade is determined by simply adding the weight which is
acting on the first weight cell, i.e. the first weight, with the weight which is acting on the second
weight cell, i.e. the second weight.

[0038] The mass of the rotor blade is also determined in a simple and straightforward manner:
either the weight of the total blade is first determined according to the procedure above and,
subsequently, the calculated weight is divided by the gravitational acceleration; or the first
weight is divided by the gravitational acceleration in order to determine a first mass, the second
weight is divided by the gravitational acceleration in order to determine a second mass, and
subsequently the first mass and the second mass are added together.

[0039] Finally, the present weighing device may also be used to determine a torque of the
rotor blade.

[0040] As it is known to the person skilled in the art, no torque can be assigned to a rotor blade
as such. Torque, which is also referred to as moment or moment of force is a rotational force
which can be expressed by the (cross) product of the weight of an object and its distance away
from the turning point. In the case of a rotor blade of a wind turbine, the assignment of a
torque to the rotor blade makes sense, because the rotor blade is destined to be mounted to a
hub and is destined to rotate about a rotational rotor axis.
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[0041] In a simplified manner, the weight at a first radial position is determined and the weight
at a second radial position. Thus, for determining the torque of a wind turbine blade by means
of the inventive weighing device, the first weight cells needs to measure the first weight which
is acting on it, the second weight cells needs to measure the second weight, and subsequently
both weights need to be multiplied by the respective distance to the (supposed) center of the
rotor of the wind turbine.

[0042] Advantageously, the rotor blade is placed with high accuracy into the first seat of the
weighing device, namely with an accuracy only accepting deviations of less than 0.1 percent of
the total length of the rotor blade with regard to its predetermined position. This means that in
the case of a 100 meters long rotor blade, deviations during positioning of the rotor blade are
advantageously smaller than 10 centimeters.

[0043] Embodiments of the invention are now described, by way of example only, with the help
of the accompanying drawings, of which:

Figure 1
shows a weighing device according to the state of the art;
Figure 2
shows a detailed view of the seat being destined for the root section of the rotor blade
according to the state of the art;
Figure 3
shows a weighing device in a first embodiment of the invention;
Figure 4
shows a weighing device according to a second embodiment of the invention; and
Figure 5
illustrates a front view of a wind turbine.

[0044] Note that the drawings are in schematic form. Furthermore, similar or identical
elements may be referenced by the same reference signs.

[0045] In Figure 1 there is illustrated a weighing device comprising two units, a first unit 101 at
a first radial position rq and a second unit 102 at a second radial position ry, according to the

state of the art. The weighing device is arranged and prepared for determining a weight of a
rotor blade 20. The rotor blade 20 comprises a root section 21 with a root 211 and a tip section
22 with a tip 221. The rotor blade 20 has a total length R of, for example, sixty meters.
Furthermore, the rotor blade 20 comprises a trailing edge section 23 and a leading edge
section 24. The weighing device is placed on the ground 32. The ground 32 could be the floor
of a factory hall or it could be outdoor, either on the site where the rotor blade has been
manufactured or at any other site.

[0046] The weighing device 10 is placed on the ground 32. The first unit 101 comprises a first
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seat 11 and the second unit 102 comprises a second 111. The longitudinal extension 33 of the
first seat 11 is small, in particular significantly smaller than the total length R of the rotor blade
20. The longitudinal extension R of the seat 11 is advantageously just as long as to ensure that
the rotor blade 20 is safely received by the weighing device and that no damages occur to the
leading edge section 24 of the rotor blade 20 during weighing the rotor blade 20. The weighing
device 10 comprises furthermore a first weight cell and a second weight cell which are not
illustrated in Figure 1 for sake of clarity. These two weight cells carry the complete weight of
the rotor blade 20 and quantify the weight which is acting on them. Based on the measured
weight, the mass or the torque of the rotor blade may e.g. be calculated.

[0047] Finally, Figure 1 symbolizes the (total) weight 31 acting on the rotor blade in its center
of gravity COG, as well as the first weight 311 acting on the first unit 101 and the second
weight 312 acting on the second unit 102.

[0048] Figure 2 shows a detailed view of one of the parts of the weighing device of Figure 1,
namely the first unit 101. It is located at the root section 21 of the rotor blade 20 and comprises
the first seat 11 with two weight cells 12. The first seat 11 is shaped with a curvature
corresponding to the curvature of the blade shell of the rotor blade at the respective spanwise
(lengthwise) position, namely at the root section 21 of the rotor blade 20. At both rims or edges
of the first seat 11, one first weight cell 12 is arranged and each first weight cell 12 is then
connected to the ground 32 by a suitable construction.

[0049] Figure 3 shows a first embodiment of the inventive weighing device. Its principle and
abstract construction is at a first view similar to the prior art one which is shown in Figure 1 and
Figure 2. The weighing device also comprises a first seat 11 which is arranged and prepared to
receive a leading edge section 24 of a rotor blade 20. It is even arranged and prepared for
receiving the root section 21 of the rotor blade 20. The first seat 11 is also connected and
linked to a first weight cell 12 which is able to measure and quantify the first weight 311 which
is acting on it.

[0050] Additionally, however, there is also connected to the first seat 11 and the first weight cell
12 a beam 14 with three hinges 151, 152, 153 and a first counterweight 13. The first hinge
151, which is also referred to as the counterweight hinge 151, connects the first counterweight
13 to the beam 14. The second hinge 152, which is referred to as the tipping point hinge 152,
is able to provide for a swiveling movement of the beam 14 with regard to the ground 32.
Lastly, the third hinge 153, namely the blade hinge 153, connects the first seat 11 with the
beam 14.

[0051] In the case that the rotor blade 20 is not placed into the first seat 11, the first
counterweight 13 stands on the ground 32. The mass of the first counterweight 13 is chosen
such that it represents a torque which is safely smaller than the force or the torque which is
acting on the first seat 11 and in particular on the first weight cell 12 if the rotor blade 20 is
placed into the first seat 11. This requires of course a certain knowledge of the expected mass
and torque of the rotor blade. In practice, a reasonable estimation of the expected mass of the
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rotor blade to be measured shall be feasible without major problems. When the rotor blade 20
is placed into the first seat 11, the first counterweight 13 is lifted up from the ground 32 and the
residual weight is then acting on the first weight cell 12. This allows a significantly increased
accuracy of the first weight cell 12.

[0052] The second embodiment of the invention as shown exemplarily in Figure 4 visualizes
that the alleviation of the first weight 31 which is acting on the first weight cell 12 by using the
first counterweight 13 can also be realized by a completely separate part. This has the
advantage that the part with the first weight cell 12 may be taken without making any
amendments compared to the used weighing device of the prior art. Again, the first mass of
the first counterweight 13 has to be carefully chosen and the position where the rotor blade is
placed into the first seat 11 needs to be carefully chosen as well.

[0053] Finally, Figure 5 visualizes a front view on a wind turbine 40 in order to illustrate the
torque attributed to a rotor blade of a wind turbine.

[0054] The wind turbine 40 comprises a tower 41. The tower 41 ensures that the wind turbine
40 is safely and firmly connected with the ground 32 by one end. By the other end, the tower is
connected with the nacelle (not visible in Figure 5). The wind turbine 40 furthermore comprises
a hub 42 with a rotor 43. The rotational axis of the rotor is aligned substantially horizontal
(although most wind turbines have a tilted rotor which is inclined slightly upwards at the end,
where the hub is located). Three rotor blades 20 are mounted to the hub 42. Each rotor blade
20 has a length R. The torque of a rotor blade 20 mounted to the hub 42 can thus be seen as
the integral of the distribution of the weight of the rotor blade 20, wherein integration takes
place from the rotor center to the tip of the rotor blade.
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Patentkrav

1. Vejeindretning til bestemmelse af en egenskab af en rotorvinge (20) af en
vindmglle (40), sasom veegten, massen eller drejningsmomentet af rotorvin-
gen, hvilken vejeindretning omfatter

- et ferste seede (11) til modtagelse af rotorvingen (20) i en farste radial position
(r1) af rotorvingen (20),

- et andet seede (111) til modtagelse af rotorvingen (20) i en anden radial po-
sition (rz) af rotorvingen (20),

- en ferste vejecelle (12) til kvantificering af en ferste veegt (311), som pavirker
den ferste vejecelle (12),

- en anden vejecelle (121) til kvantificering af en anden veegt (312), som pavir-
ker den anden vejecelle (121), og

- en ferste modveegt (13), som er udformet til at lette den farste veegt (311),
hvor

- den ferste modvaegt (13) er laftet op fra jorden (32), nar rotorvingen (20) er
modtaget af det farste seede (11) af vejeindretningen; hvor veegten (31) af ro-
torvingen (20) bestemmes ved at addere den malte farste veegt (311) og den
malte anden vaegt (312), og

- rotorvingen (20) omfatter en forreste kantsektion (24) og en bagerste kant-
sektion (23), og

- rotorvingen (20) er anbragt saledes i det farste saeede (11) af vejeindretnin-
gen, at den forreste kantsektion (24) af rotorvingen (20) vender mod det farste
saede (11) af vejeindretningen.

2. Vejeindretning ifelge et af de foregaende krav, hvor leengdeudstraekningen
(33) af det forste seede (11) af vejeindretningen er mindre end ti procent af
lzengden (R) af rotorvingen (20), iseer mindre end fem procent af leengden (R)
af rotorvingen (20).

3. Vejeindretning ifelge et af de foregéende krav, hvor den farste radiale posi-
tion (r1) befinder sig mellem roden (211) af rotorvingen (20) og tyve procent af
vingeleengden (R), malt fra roden (211).
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4. Vejeindretning ifelge et af de foregaende krav, hvor den anden radiale po-
sition (r2) befinder sig mellem tres procent og firs procent af vingeleengden (R),
malt fra roden (211) af rotorvingen (20).

5. Vejeindretning ifelge et af de foregaende krav, hvor

- massen af den ferste modvaegt (13) er valgt saledes, at produktet af massen
af den ferste modveegt (13) og tyngdeaccelerationen er mindre end en forven-
tet veerdi for den farste veegt (311), der pavirker den ferste vejecelle (12).

6. Vejeindretning ifelge et af de foregaende krav, hvor vejeindretningen omfat-
ter en anden modveegt (131), som er udformet til at lette den anden veegt (312).

7. Vejeindretning ifalge krav 6,

hvor

- massen af den anden modveegt (131) er valgt saledes, at produktet af mas-
sen af den anden modveaegt (131) og tyngdeaccelerationen er mindre end en
forventet veerdi for den anden veaegt (312), der pavirker den ferste anden veje-
celle (121).

8. Vejeindretning ifalge et af kravene 6 eller 7, hvor massen af den farste mod-
vaegt (13) er mindre end massen af den anden modvaegt (131), iseer mindre
end tredive procent af massen af den anden modvaegt (131).

9. Fremgangsmade til bestemmelse af veegten (31) af en rotorvinge (20) af en
vindmaglle (40) ved hjeelp af en vejeindretning ifalge et af de foregaende krav,
hvor veegten (31) af rotorvingen (20) bestemmes ved at addere den malte far-
ste veegt (311) og den malte anden vaegt (312).

10. Fremgangsmade til bestemmelse af massen af en rotorvinge (20) af en
vindmealle (40) ved hjeelp af en vejeindretning ifelge et af kravene 1 til 8, hvor
- veegten (31) af rotorvingen (20) bestemmes i henhold til krav 9, og veegten
(31) efterfolgende divideres med tyngdeaccelerationen, eller
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- den farste veegt (311) divideres med tyngdeaccelerationen til bestemmelse
af en fgrste masse, den anden veegt (312) divideres med tyngdeacceleratio-
nen til bestemmelse af en anden masse, og den farste masse og den anden
masse efterfelgende adderes.

11. Fremgangsmade til bestemmelse af drejningsmomentet af en rotorvinge
(20) af en vindmaglle (40), i tilfeelde af at rotorvingen (20) er monteret roterbart
pa en rotor af vindmallen (40) via roden (211) af rotorvingen (20), hvor drej-
ningsmomentet af rotorvingen (20) bestemmes ved at addere

- produktet af den ferste veegt (311) og afstanden fra den ferste radiale position
(r1) til midten af rotoren med

- produktet af den anden vaegt (312) og afstanden fra den anden radiale posi-
tion (r2) til midten af rotoren.

12. Fremgangsmade til bestemmelse af drejningsmomentet ifglge krav 11,
hvor rotorvingen (20) i et ferste trin anbringes i en forudbestemt position i det
farste seede (11) af vejeindretningen.

13. Fremgangsmade ifelge krav 12,

hvor den faktiske position af rotorvingen (20) i det farste seede (11) af vejeind-
retningen afviger i leengderetningen med mindre end 0,5 procent af laeengden
(R) af rotorvingen (20), iseer mindre end 0,1 procent af leengden (R) af rotor-
vingen (20), fra den forudbestemte position af rotorvingen (20).
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