
os) DANMARK <10> DK/EP 2520794 T3

(12) Oversættelse af 
europæisk patentskrift

Patent- og
Varemærkestyreisen

(51) Int.CI.: F03D 7/02(2006.01) F03 D 7/04(2006.01) F03 D 17/00(2016.01)

(45) Oversættelsen bekendtgjort den: 2020-01-02

(80) Dato for Den Europæiske Patentmyndigheds
bekendtgørelse om meddelelse af patentet: 2019-09-18

(86) Europæisk ansøgning nr.: 11164587.5

(86) Europæisk indleveringsdag: 2011-05-03

(87) Den europæiske ansøgnings publiceringsdag: 2012-11-07

(84) Designerede stater: AL AT BE BG CH CY CZ DE DK EE ES Fl FR GB GR HR HU IE IS IT LI LT LU LV 
MC MK MT NL NO PL PT RO RS SE SI SK SM TR

(73) Patenthaver: Siemens Gamesa Renewable Energy A/S, Borupvej 16, 7330 Brande, Danmark

(72) Opfinder: Joergensen, Allan Groenlund, Brendstrupvej 72E, 8200 Århus N, Danmark
Frederiksen, Dan, Kelstruphave 43, 6100 Haderslev, Danmark

(74) Fuldmægtig i Danmark: Zacco Denmark A/S, Arne Jacobsens Allé 15, 2300 København S, Danmark

(54) Benævnelse: Overvågningsapparat til kontrol af en vindmølle i en vindmøllepark for en krøjningsfejljustering

(56) Fremdragne publikationer:
EP-A1-2 154 362 
EP-A1-2 290 488 
DE-B3-102009 005 215 
JP-A-2007 285 214 
US-A1-2010 209 246



DK/EP 2520794 T3



DK/EP 2520794 T3

DESCRIPTION

[0001] The present invention relates to a monitoring apparatus for identifying a yaw 
misalignment of a wind turbine in a wind farm.

[0002] Horizontal axis wind turbines have rotors with horizontal rotor shafts located at the top 
of a tower. The rotor shaft must be pointed in the wind in order to extract wind energy. To keep 
power generation by a horizontal axis wind turbine in an optimum range the rotor is typically 
rotated about a vertical axis in case of a change of the wind direction so as to follow the wind 
direction. The angle by which the rotor is rotated during this process is called yawing angle or 
azimuth angle. The rotation is performed by a yawing system that typically comprises a ring 
gear, a number of pinion gears meshing with the ring gear and controller for controlling the 
yaw angle. Such yawing systems are, for example, disclosed in EP 2 189 656 A2, US 
2003/0160456 A1, EP2 154 362 A1 or US 2009/0232652 A1.

[0003] However, if any component of the yawing system, like for example, a wind direction 
sensor, a controller, etc., are defect or wrongly calibrated there is a chance of the wind turbine 
being misaligned with the wind direction, i.e. that a yaw misalignment occurs. Even small yaw 
misalignments already reduce the power generation capacity of the misaligned wind turbine 
considerably.

[0004] Up to now, yaw misalignment due to wrongly calibrated or defect components of a 
yawing system have been found by experts studying a wealth of data from the turbine and 
making educated guesses followed by site inspection. However, such a procedure affords a 
considerable expert man power which makes the procedure expensive. Moreover, since 
studying a wealth of data consumes a considerable amount of time this process is relatively 
inefficient. Therefore, it is desirable to provide a method of identifying yaw misalignments due 
to wrongly calibrated or defect components of a yawing system that is less expensive and/or 
more efficient.

[0005] With respect to what is mentioned above it is an objective of the present invention to 
provide an advantageous monitoring apparatus that allows for identifying a yaw misalignment 
of a wind turbine in a wind farm.

[0006] This objective is solved by a monitoring apparatus as claimed in claim 1. The 
depending claims contain further developments of the invention.

[0007] The inventive monitoring apparatus allows for performing an advantageous method of 
checking a wind turbine in a wind farm comprising a number of wind turbines for a yaw 
misalignment is provided. In this method, the yaw angles of at least a subset of wind turbines 
of the wind farm are ascertained. Please note, that the term "subset" should also include the 
case where all wind turbines of the wind farm form the "subset" so that the yaw angles of all 
wind turbines in the wind farm are ascertained. In the method, an average yaw angle is
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established from the ascertained yaw angles and a yaw misalignment of the wind turbine to be 
checked is identified by a deviation of its yaw angle from the average yaw angle by more than 
as threshold value.

[0008] The method is based on the assumption that for a wind turbine in a wind farm with a 
number of other wind turbines the yaw angle of the wind turbine should be approximately the 
same as the average of the yaw angles of its neighbours or the average of the yaw angles of 
the whole wind farm, i.e. of all wind turbines in the wind farm. If the yaw angle of a wind turbine 
is found to deviate too much from the average of the yaw angles of its neighbours or of the 
whole wind farm an alarm can be set that advises a more thorough look and/or a site 
inspection.

[0009] With the method detecting a yaw misalignment caused by wrongly calibrated or defect 
components of a yawing system can be automated to a higher extend then it was possible in 
the state of the art. Hence, less expert man power is necessary so that the method is cost 
saving. In addition, due to the higher degree of automation, wrongly calibrated or defect 
components of a yawing system can be detected early in a time saving manner which leads to 
an increase in efficiency as compared to the state of the art procedure. In addition, the method 
has the potential to reduce downtimes of the wind turbines as well as the duration of reduced 
power generation by misaligned wind turbine.

[0010] The threshold used in the method may be a fixed value. As an alternative, the threshold 
value may depend on at least one parameter of the wind turbine, e.g. a parameter of the 
yawing system like the inherent accuracy in determining the wind direction or the accuracy of 
the control algorithm used in the yawing system, etc., and/or on at least one parameter of the 
wind farm, e.g. the wake distribution throughout the wind farm, etc., and/or on at least one 
parameter of the environment, e.g. the actual wind speed, the actual amount of wind speed 
fluctuations, the actual amount of fluctuations in the wind direction, etc. and/or on the subset of 
wind turbines used for establishing the average yaw angle, e.g. on the number of wind turbines 
included in the subset, the distribution of the wind turbines of the subset throughout the wind 
farm, etc. The use of a threshold value that depends on at least one of the parameters 
mentioned above and/or on the subset of wind turbines used for establishing the average yaw 
angle allows for adapting the method to special conditions of individual wind farms or to 
variations of the conditions prevailing in a wind farm.

[0011] The at least one parameter of the wind turbine and/or the at least one parameter of the 
wind farm and/or the at least one parameter of the environment may be determined 
continuously or in time steps, and the threshold may be updated continuously or in time steps 
based on the determined actual value of the respective parameter. By this measure the 
method can be adapted automatically and quickly to a change in the conditions prevailing 
throughout the wind farm.

[0012] The subset of wind turbines used in the method may comprise the closest neighbours 
of the wind turbine to be checked for yaw misalignment. In particular, the subset may only
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comprise the closest neighbours. However, it is also possible that the subset consists of a 
weighted distribution in which closer neighbours of the wind turbine to be checked for yaw 
misalignment receive a higher weight than wind turbines further away from the wind turbine to 
be checked. Furthermore, it may be possible to include a high number of close neighbouring 
wind turbines into the subset and only a few number of far away wind turbines. Another 
possibility is that the subset includes all wind turbines of the wind farm, either with equal 
weights or with differing weights. Please note that it is even possible also to include the wind 
turbine to be checked for yaw misalignment into the subset. Which type of subset is used in the 
method may depend on the conditions prevailing in the wind farm or on the accuracy by which 
a yaw misalignment shall be detected.

[0013] In addition, the inventive monitoring apparatus allows for performing an advantageous 
a method of monitoring wind turbines in a wind farm for a yaw misalignment is provided. In this 
method, the wind turbines of the wind farm are checked for a yaw misalignment according to 
the method of checking a wind turbine in a wind farm for a yaw misalignment. The method of 
monitoring wind turbines in a wind farm allows to early indicate a possible defect or a possible 
wrong calibration in a yawing system of a wind turbine of the wind farm. In case a yaw 
misalignment is detected an alarm may be set, for example, an optical alarm and/or an 
acoustic alarm which indicates an operator of a wind farm that an inspection of the concerned 
wind turbine may be necessary.

[0014] According to the invention, a monitoring apparatus for identifying a yaw misalignment of 
a wind turbine in a wind farm with a number of wind turbines is provided. The monitoring 
apparatus comprises a sampling device connected to the wind turbines of the wind farm for 
retrieving at least the yaw angle of a wind turbine to be checked for a yaw misalignment and 
the yaw angles of a subset of wind turbines of the wind farm. An average value calculator is 
connected to the sampling device for receiving the yaw angles of the subset of the wind 
turbines. The average value calculator is adapted to calculate an average value of the received 
yaw angles. A subtractor is connected to the average value calculator for receiving the average 
value. In addition, the subtractor is either connected directly or indirectly to the sampling device 
for receiving the yaw angle of the wind turbine to be checked for yaw misalignment. The 
subtractor is adapted to calculate a difference between the yaw angle of the wind turbine to be 
checked and the average value. A comparator is connected to the subtractor for receiving the 
difference value, which comparator is adapted to compare the difference value with a threshold 
value and to output an information signal in case the threshold value is exceeded. It is either 
possible to compare the actual value of the difference to a pair of thresholds, namely a 
negative threshold and a positive threshold and to output the information signal if the negative 
threshold is undershot or the positive threshold is overshot, or to compare the absolute value 
of the difference to a single positive threshold value.

[0015] The monitoring apparatus further comprises a selector for selecting a wind turbine of 
the wind farm to be checked for yaw misalignment and a rule storage with rules relating to 
generation of subset of wind turbines of the wind farm. A subset generator connected to the 
selector for receiving information about which wind turbine is selected and to the rule storage
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for receiving the rules for generating the subset generates, on the basis of the wind turbine to 
be checked, a subset of wind turbines. Please note that selecting a wind turbine to be checked 
and a generating a subset of wind turbines may be done before retrieving the yaw angles from 
the wind farm. In this case, only the yaw angle of the wind turbine to be checked and the yaw 
angles of the wind farms belonging to the subset need to be retrieved by the sampling device. 
As an alternative, the yaw angles of all wind turbines in the wind farm may be retrieved by the 
sampling device. Then, the wind turbine to be checked is selected and the subset is formed. 
After the selection, the respective yaw angles are selected from the already retrieved yaw 
angles of all wind turbines. This way of proceeding allows to check all wind turbines in a wind 
farm for yaw misalignments based on a single retrieved sample of yaw angles.

[0016] The inventive monitoring apparatus allows for monitoring wind turbines in a wind farm 
for a yaw misalignment by use of the described method of checking a wind turbine in a wind 
farm for a yaw misalignment.

[0017] The monitoring apparatus may be implemented as part of the wind farm controller or as 
a part of a remote data centre, where data from each wind turbine is logged, analysed and 
compared in order to identify a yaw misalignment of a wind turbine.

[0018] According to a further development of the inventive monitoring apparatus a 
configuration unit may be connected to the rule storage for configuring the rules relating to 
generation of a subset of wind turbines. Configuring the rules may include selecting a rule from 
a number of rules already stored in the storage as well as adding a new rule to or deleting a 
rule from the storage.

[0019] Moreover, the inventive monitoring apparatus may comprise an updating device for 
updating the threshold value used in the comparator. Updating may be done according to what 
has been said in regard to the threshold value with respect to the described method of 
checking a wind turbine in a wind farm for a yaw misalignment.

[0020] Further features, properties and advantages of the present invention will become clear 
from the following description of exemplary embodiments of the invention in conjunction with 
the accompanying drawings.

Figure 1
schematically shows a wind farm.

Figure 2
schematically shows a first embodiment of the inventive monitoring apparatus.

Figure 3
shows a second embodiment of the inventive monitoring apparatus.

[0021] In the following, the method of checking a wind turbine in a wind farm for a yaw 
misalignment will be described with respect to Figure 1. The Figure schematically shows a
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wind farm comprising 20 wind turbines 1-1 to 1-20 and a wind farm controller 3 that is 
connected to each of the wind turbines 1-1 to 1-20. The wind farm controller 3 is connected to 
a remote data controller 5 that is typically not part of the wind farm but located at a different 
location and connected to the wind farm through a data line or through the internet.

[0022] To explain the method of checking a wind turbine of the wind farm for a yaw 
misalignment it will be assumed that the wind turbine 1-8 is to be checked. For checking this 
wind turbine the assumption is made that its yaw angle should be approximately the same as 
the average of the yaw angles of its neighbours or the average of the yaw angles of the whole 
wind farm. If the yaw angle of the wind turbine 1-8 deviates too much from the average an 
alarm is set in the remote data centre 5 or at the wind farm location if the wind farm controller 
allows for setting such an alarm.

[0023] For forming the average yaw angle to which the yaw angle of the wind turbine 1-8 is to 
be compared the yaw angles of the wind turbines 1-2, 1-3, 1-4, 1-7, 1-9, 1-12, 1-13, 1-14, 
which are the closest neighbours of wind turbine 1-8, are ascertained in the present example 
and an average value of the yaw angles is formed. In the simplest case, the average value can 
be formed by calculating the geometric mean of the values. However, it is also possible to 
forming the root mean square of the yaw angles, any generalised mean or a weighted mean.

[0024] If the average yaw angle is established based on the ascertained yaw angles of the 
subset of wind turbines, the difference between the average yaw angle and the yaw angle 
ascertained for the wind turbine 1-8 to be checked is formed. If the difference exceeds a given 
threshold an alarm set to indicate that the technician should inspect the wind turbine in the 
field.

[0025] The threshold used for setting the alarm may be, in the simplest case, a fixed threshold. 
In more sophisticated implementations of the method, an adaptive threshold may be used that 
depends on at least one parameter. The parameter may be a parameter of the wind turbine, a 
parameter of the wind farm, or a parameter of the environment of the wind farm. Please not 
that it is also possible to make the threshold value dependent on more than one parameter 
and, in particular, dependent on combinations of parameters of the wind farm, the wind turbine 
or the environment. For example the threshold value may depend on at least one of the 
following parameters: accuracy of the yawing system of the wind turbine to be checked, the 
type of yawing control used in the wind turbine to be checked, the location of the wind turbine 
to be checked in the wind farm, the number of neighbouring wind turbine that are located 
within a given radius around the wind turbine 1-8 to be checked, the wake distribution in the 
wind farm, the actual wind speed, the actual amount of wind speed fluctuations, the actual 
amount of fluctuations in the wind direction, etc.

[0026] In addition, or as an alternative, the threshold value may depend on the rule applied for 
forming the subset of wind turbines that is used for forming the average value of yaw angles. 
For example, the threshold may be different depending on whether only the nearest 
neighbours of the wind turbine to be checked are forming the subset or all wind turbines of the
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wind farm are forming the subset. Please note that, if all wind turbines of the wind farm are 
forming the subset, it may also be possible to include the wind turbine to be checked into the 
subset. However, the wind turbine to be checked should be excluded if the number of wind 
turbines in the wind farm is rather low since a yaw error of the wind turbine to be checked 
would then have a relatively large effect on the average value. On the other hand, if the 
number of wind turbines in the wind farm is large the effect of a yaw misalignment of the wind 
turbine to be checked on the average value can be neglected.

[0027] If the threshold value depends on at least one parameter this at least one parameter 
may be determined continuously or in time steps. Likewise, the threshold may be updated 
continuously or in time steps based on the determined actual value of the respective 
parameter. In the present embodiment, a window is defined in which the determined value of 
the parameter (or parameters) on which the threshold value depend(s) is allowed to vary. Only 
if the parameter value (or the parameter values) are found to be out of the window the 
threshold value is updated. By this measure fluctuations of the threshold value on a too small 
time scale can be avoided.

[0028] Please note that subsets of wind turbine other than the closest neighbours or all wind 
turbines of the wind farm can be used in the method. In particular, it is possible to use a 
number of close neighbours of the wind turbine together with a number of far away wind 
turbines. Depending on the distribution of wind turbines throughout the area of the wind farm it 
may either be possible to use a similar number of close neighbours as of far away wind 
turbines or to use a higher number of close neighbours than far away wind turbines. Which 
subset of wind turbines will be used may depend on the conditions prevailing throughout the 
wind farm, for example on whether the wind conditions vary considerably throughout the wind 
farm. If the wind conditions differ considerably from one location of the wind farm to another it 
would be advantageous to concentrate on close neighbouring wind turbines of the wind turbine 
to be checked when forming the subset. In addition, whether a wind turbine is included into the 
subset or not may also depend on whether and/or not it is strongly influenced by the wake of 
other wind turbines.

[0029] The described method of checking a wind turbine for a yaw misalignment can be used 
for monitoring wind turbines in a wind farm for yaw misalignments. In this monitoring method, 
all the wind turbines of the wind farm may be checked according to a given scheme for yaw 
misalignments by comparing the yaw angle of the wind turbine to be checked with an average 
value of yaw angles of a subset of wind turbines of the wind farm. Please note again, that the 
term subset may also include a set containing all wind turbines of the wind farm. If the average 
value is formed from the yaw angles of all wind turbines in the wind farm it is possible to use 
this average value for checking each wind turbine individually for a yaw misalignment by a 
comparing the individual yaw angles of each wind turbine to the average. If, on the other hand, 
real subsets of wind turbines, i.e. subsets not including all wind turbines, are used for forming 
the average value, for example only the closest neighbours of the wind turbine to be checked, 
an individual subset is to be formed for each wind turbine to be checked. While the first case 
needs less computing capacity the second case allows for a more sophisticated adoption of the
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monitoring method to the location of the wind turbine to be checked in the wind farm.

[0030] Both, the method of checking a wind turbine for yaw misalignment and the method of 
monitoring wind turbines in a wind farm for a yaw misalignment can be implemented in the 
wind farm controller 3 or in the remote data centre 5. Moreover, it is also possible to implement 
the method of checking a wind turbine for a yaw misalignment in the wind farm controller 3 and 
to run the method of monitoring the wind turbines of a wind farm for a yaw misalignment in the 
remote data centre 5. In the latter case, checking a wind turbine for a yaw misalignment would 
be initiated by the remote data centre 5 and the method of checking the selected wind turbine 
for the yaw misalignment would be performed by the wind farm controller 3. If the wind farm 
controller 3 detects a yaw misalignment it issues an information signal received by the data 
centre 5 which causes an acoustic or an optic alarm indicating that a wind turbine of the wind 
farm needs to be checked for wrongly calibrated or defect components in the yawing system 
and identifies the wind turbine which is to be checked.

[0031] A first embodiment of a monitoring apparatus used for performing the described 
method of checking a wind turbine in a wind farm for a yaw misalignment or for monitoring the 
wind turbines in a wind farm for yaw misalignments caused by wrongly calibrated or defective 
yaw system components will be described with respect to Figure 2. The monitoring apparatus 
comprises a sampling device 7 that is connected to the wind turbines 1-1 to 1-20 of the wind 
farm for retrieving at least the yaw angle of a wind turbine 1-8 to be checked for a yaw 
misalignment and the yaw angles of a subset of the wind turbines 1-1 to 1-20 of the wind farm. 
The monitoring apparatus further comprises a subset generator 9 for generating a subset of 
wind turbines 1-1 to 1-20 of the wind farm. The subset generator 9 is connected to a selector 
11 that allows for selecting a wind turbine 1-8 of the wind farm which is to be checked for a yaw 
misalignment and to a rule storage 13 that contains rules relating to the generation of a subset 
of wind turbines of the wind farm. Moreover, the sampling device 7 of the first embodiment is 
also connected to the selector 11 for receiving information about which wind turbine is to be 
checked for a yaw misalignment and to the subset generator 9 for receiving the subset of wind 
turbines that is to be used for forming the average value in relation to the wind turbine to be 
checked. Furthermore, the monitoring device comprises an average value calculator 15 for 
forming an average value of the yaw angles of the subset of wind turbines and a subtractor 17 
for calculating the difference between the average value and the yaw angle of the wind turbine 
1-8 to be checked for a yaw misalignment. A comparator 19 is present in the monitoring 
apparatus that compares the difference calculated in the subtractor 17 with a threshold and 
outputs an information signal in case the threshold is exceeded.

[0032] If the monitoring apparatus is implemented in the wind farm controller 3 the sampling 
device may be directly connected to the wind turbines 1-1 to 1-20 for retrieving their yaw 
angles or indirectly through an intermediate device. In case the monitoring device is 
implemented in the remote data centre 5 the sampling device is connected to the wind farm 
controller 3 that forwards the retrieved yaw angles to the sampling device 7.

[0033] Based on the informations received from the subset generator 9 and the selector 11 the
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sampling device retrieves the yaw angles of the respective wind turbines, i.e. of the wind 
turbine to be checked and of the wind turbines forming the subset. The average value 
calculator 15 is connected to the sampling device 7 and receives from the sampling device 7 
the yaw angles of the wind turbines forming the subset of wind turbines. From these yaw 
angles an average value is calculated and output to the subtractor 17 that is connected to the 
average value calculator 15. In addition, the subtractor 17 is connected to the sampling device
7 for receiving the yaw angle of the wind turbine to be checked. The subtractor 17 calculates 
the difference between the average value and the yaw angle of the wind turbine to be checked 
and outputs the calculated difference to the comparator 19 that is connected to the subtractor 
17. The comparator 19 compares the difference to a threshold value and outputs an 
information signal if the threshold value is exceeded, as already mentioned above. If the 
monitoring device is implemented in the wind farm controller 3 the information signal may 
either trigger an alarm on the site of the wind farm or it will be transmitted to the remote data 
centre 5 to trigger an alarm there.

[0034] The monitoring apparatus according to the first embodiment also comprises an optional 
updating device 21 that is connected to the comparator 19 and allows for updating the 
threshold used in the comparator 19 in dependence on a determined parameter value of the 
wind turbine to be checked, of the wind farm or the environment. The updating device 21 may 
also be connected to the subset generator 9 to receive the generated subset. It then may be 
adapted to update the threshold based on the used subset.

[0035] A second embodiment of the inventive monitoring device will be described with respect 
to Figure 3. Like in the first embodiment, the monitoring apparatus of the second embodiment 
comprises a sampling device 107, a subset generator 109, a selector 111, a rule storage 113, 
an average value calculator 115, a subtractor 117 and a comparator 119. The monitoring 
apparatus of the second embodiment differs from the monitoring apparatus of the first 
embodiment in the way these devices are connected to each other.

[0036] Like in the first embodiment, the sampling device 107 is either directly or indirectly 
connected to the wind turbines 1-1 to 1-20 of the wind farm for retrieving their yaw angles. 
However, in the second embodiment the yaw angles of all wind turbines are retrieved by the 
sampling device 107 irrespective of which wind turbine of the wind farm is to be checked for a 
yaw misalignment. The selector 111 is connected to the sampling device for receiving the yaw 
angles of all wind turbines of the wind farm. It allows for a selecting an individual yaw angle of 
the received yaw angles for checking the wind turbine from which this yaw angle is received for 
a yaw misalignment. In addition to the sampling device 107, the selector is connected to the 
subset generator 109 that receives from the selector 111 information about which wind turbine 
is selected for being checked for a yaw misalignment. In addition to the selector 111, the 
subset generator 109 is also connected to the sampling device 107 for receiving the yaw 
angles of all wind turbines of the wind farm. Based on the information on which wind turbine 1-
8 is selected the subset generator generates a subset of yaw angles of those wind turbines 1-1 
to 1-20 which are to be used for calculating the average value of yaw angles based on rules 
received from the rules storage 113, which is also connected to the subset generator 109. The
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subset generator 109 is further connected to the average calculation unit 115 which receives 
from the subset generator 109 the yaw angles of the wind turbines belonging to the subset and 
calculates the average value of the received yaw angles. The subtractor 117 is connected to 
the selector 111 for receiving the yaw angle of the wind turbine that is selected to be checked 
for a yaw misalignment and to the average value calculator 115 for receiving the average 
value. Like in the first embodiment, the subtractor 117 calculates the difference between the 
average value and the yaw angle of the wind turbine to be checked and outputs the difference 
to the comparator 119 that is connected to the subtractor 117. In the comparator 119 the 
received difference is compared to a threshold and, like in the first embodiment, an information 
signal is output by the comparator in case the threshold is exceeded.

[0037] Like the monitoring apparatus of the first embodiment, the monitoring apparatus of the 
second embodiment can be implemented in the wind farm controller 3 or in the remote data 
centre 5. In both embodiments it is either possible to compare the actual value of the 
difference to a pair of thresholds, namely a negative threshold and a positive threshold and to 
output the information signal if the negative threshold is undershot or the positive threshold is 
overshot, or to compare the absolute value of the difference to a single positive threshold 
value.

[0038] The monitoring apparatus according to the second embodiment also comprises a 
configuration unit 121 connected to the rule storage 113 by which new rules can be written into 
the rule storage 113 or rules already stored in the rule storage 13 can be deleted. In addition, if 
different sets of rules are stored in the rule storage where each set of rules represents a 
different kind of generating the subset of wind turbines the configuration unit 121 can be used 
for selecting a set of rules which is to applied. Although not explicitly mentioned with respect to 
the first embodiment, such a configuration unit can also be part of the first embodiment, as 
well. Likewise, it is possible not to provide the second embodiment with a configuration unit, in 
particular, if only a fixed single set of rules for generating the subset of wind turbines is used in 
the monitoring apparatus. Moreover, an updating device for updating the threshold(s) used in 
the comparator like in the first embodiment may also be present in the second embodiment.

[0039] The invention that has been described with respect to exemplary embodiments offers 
the possibility to early detect yaw misalignments which are due to wrongly calibrated or 
defective yaw system components in a time saving and cost saving manner.
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1. Overvågningsapparat til identificering af en krøjningsfejljustering af en vind­
mølle (1-8) i en vindmøllepark omfattende et antal af vindmøller (1-1 til 1 -20), 
hvilket overvågningsapparat omfatter
- en sampling-indretning (7, 107), som er forbundet med vindmøllerne (1-1 til 
1 -20) af vindmølleparken for at hente i det mindste krøjningsvinklen af en vind­
mølle (1-8), der skal kontrolleres for en krøjningsfejljustering, og krøjningsvink- 
lerne af en delmængde af vindmøller (1-1 til 1 -20) af vindmølleparken,
kendetegnet ved
- en gennemsnitsværdiberegner (15, 115), som er forbundet med sampling­
indretningen (7, 107) for at modtage krøjningsvinklerne af delmængden af 
vindmøller, hvor gennemsnitsværdiberegneren (15, 115) er tilpasset til at be­
regne en gennemsnitsværdi af de modtagne krøjningsvinkler;
- en subtraktor (17, 117), som er forbundet med gennemsnitsværdiberegneren 
(15, 115) for at modtage gennemsnitsværdien og forbundet med sampling­
indretningen (7, 107) for at modtage krøjningsvinklen af vindmøllen (1-8), der 
skal kontrolleres for krøjningsfejljustering, hvor subtraktoren (17, 117) er til­
passet til at beregne en forskelsværdi, som repræsenterer en forskel mellem 
krøjningsvinklen af vindmøllen (1-8), der skal kontrolleres, og gennemsnits­
værdien;
- en komparator (19, 119), som er forbundet med subtraktoren (17, 117) for at 
modtage forskelsværdien, hvor komparatoren (19, 119) er tilpasset til at sam­
menligne forskelsværdien med en negativ tærskel og en positiv tærskel og til 
at udsende informationssignalet, hvis den negative tærskel overstiges, eller 
den positive tærskel overstiges, eller til at sammenligne den absolutte værdi 
af forskelsværdien med en enkelt positiv tærskelværdi og til at udsende et in­
formationssignal, hvis tærsklen overskrides;
- en selektor (11, 111) til at udvælge en vindmølle (1-8) af vindmølleparken, 
der skal kontrolleres for krøjningsfejljustering;
- en regelhukommelse (13, 113) med regler vedrørende generering afen del­
mængde af vindmøller (1-1 til 1-20) af vindmølleparken; og
- en delmængdegenerator (9, 109), som er forbundet med selektoren (11, 111) 
for at modtage informationer om, hvilken vindmølle (1-8) der udvælges, og 
med regelhukommelsen (13, 113) for at modtage reglerne til generering af del­
mængden, hvor delmængdegeneratoren (9, 109) er tilpasset til at generere en
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delmængde af vindmøller baseret på, hvilken vindmølle (1 -8) der skal kontrol­
leres.

5 2. Overvågningsapparat ifølge krav 1, kendetegnet ved, at det er implemen­
teret som en del af en vindmølleparkstyreenhed (3) eller som en del af et fjern­
datacenter (5).

3. Overvågningsapparat ifølge krav 1 eller krav 2, kendetegnet ved en konfi-
10 gurationsenhed (121), som er forbundet med regelhukommelsen (113) til kon­

figurering af reglerne vedrørende generering af en delmængde af vindmøller.

4. Overvågningsapparat ifølge et af kravene 1 til 3, kendetegnet ved, at det 
omfatter en opdateringsindretning (21) til opdatering af tærskelværdien an-

15 vendt i komparatoren (19).

20
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