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Description

[0001] The invention relates to a method for operating
a wind turbine having a rotor hub supporting at least one
rotor blade.
[0002] It is known that changes of the aerodynamic
performance or properties of the rotor blades of a wind
turbine may both impact the performance of the rotor hub
and change the optimal control rule usually embracing a
number of control settings, operational parameters, etc.,
and may consequently lead to a decrease of the power
production of the wind turbine. Thus, a wind turbine will
operate suboptimal and a specific rated power production
may not be reached in this case.
[0003] The aerodynamic performance of the rotor
blades is mainly negatively influenced due to specific cli-
matic conditions such as temperature, humidity etc.
which may lead to the formation of ice at least partially
covering the surface of the rotor blades. This problem
usually occurs during winter.
[0004] Thereby, it is a problem that rotor blades being
at least partially covered with ice usually tend to stall due
to the weight and shape of the ice and/or because the
currently control rule typically assuming blades free of
ice is no longer appropriate or suitable, which usually
leads to a significant decrease of the power output of the
wind turbine. Further, icy or frosted rotor blades may also
encounter high mechanical loads as well as thrust.
[0005] Usually, operation and/or control rules or strat-
egies of modern wind turbines are based on the adjust-
ment of proper pitch-angle references, power output ref-
erences and/or torque references, etc. which adjustment
relates to a known aerodynamic performance of the rotor
blades which is essentially defined by their shape, di-
mensions, etc. Thereby, usually respective power values
defining a certain amount of power which the generator
has to submit to at least one electrical converter unit of
the wind turbine are dynamically set by or included in a
respective control rule.
[0006] However, in the case of the rotor blades being
at least partially covered with ice and hence differ in their
aerodynamic performance, proper operation and/or con-
trol rules or strategies of wind turbines are usually not
available.
[0007] It is the object of the present invention to provide
an improved method for operating a wind turbine assur-
ing proper operation of the wind turbine even when the
aerodynamic performance of the rotor blades is nega-
tively influenced, particularly due to ice at least partially
covering at least one rotor blade.
[0008] This is achieved by a method for operating a
wind turbine having a rotor hub supporting at least one
rotor blade, the method comprising the steps of:

a) detecting changes in the aerodynamic perform-
ance of the at least one rotor blade of the wind tur-
bine,
b) determining a first control rule of the wind turbine

being related to power output of the wind turbine,
c) determining a first power output information indi-
cating a first power output of the wind turbine based
on the first control rule,
d) changing at least one operational parameter of
the wind turbine in such a manner that the first control
rule is replaced by a second control rule being related
to power output of the wind turbine,
e) determining a second power output information
indicating a second power output of the wind turbine
based on the second control rule,
f) comparing the first and second power output in-
formation,
g1) if the second power output of the wind turbine
exceeds the first power output of the wind turbine,
repeating a) - f) with the second control rule being
used as the first control rule;
g2) otherwise repeating a) - f), whereby a different
second control rule is applied in d).

[0009] The inventive method begins with the detection
of changes in the aerodynamic performance of the at
least one rotor blade of the wind turbine (cf. step a)).
Thereby, the detection of the aerodynamic properties of
at least one rotor blade of the wind turbine preferably
comprises detecting, if ice is at least partially covering
the surface of at least one rotor blade. Therefore, appro-
priate ice detection means are used, whereby methods
as disclosed in documents publication no. WO
2011/127990, application no. PCT/EP 2010/058333,
filed by the applicant at the WIPO, filing date 15.06.2010
and EP 2 434 1 46, filed by the applicant at the EPO,
filing date 24.09.2010 (not published yet), which are dis-
closed herein by reference, may be used. Document
DE10 2010 015595 shows a control method according
to the preamble of claim 1.
[0010] In step b), a first control rule of the wind turbine
being related to power output of the wind turbine is de-
termined and usually applied. The first control rule may
be based on a number of control parameters including
or influencing a number of operational parameters of the
wind turbine which separately, group-wise, or collectively
are related to a certain power output of the wind turbine.
[0011] Particularly, the first control rule includes a re-
spective first working point or a number of working points,
which may be applied under consideration of a number
of operational parameters of the wind turbine such as
power output, wind speed, etc. The working points are
usually based on a respective first speed-power-curve
or speed-torque-curve. The working points usually relate
to respective power values, i.e. they represent or relate
to a respective amount of power the generator has to
supply to respective electrical converter units of the wind
turbine. The electrical converter units are known and es-
sentially serve as a connection between the generator
of the wind turbine and a grid. Hence, a respective elec-
trical converter unit may comprise a number of inverters,
rectifiers, etc.
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[0012] Hence, a first control rule may be applied. The
first control rule may involve a first working point which
is set to a power value of approx. 1000 kW, i.e. appro-
priate control parameters are generated and a proper
adjustment of all relevant operational parameters of the
wind turbine is performed so that the generator will supply
approx. 1000 kW to the respective electrical converter
units of the wind turbine. In other words, operation of the
wind turbine may be executed in such a manner that a
power output of approx. 1000 kW may be obtained under
normal circumstances, i.e. under respective circum-
stances in which the aerodynamic performance of none
of the rotor blades is not negatively influenced by ice or
the like..
[0013] The first control rule of the wind turbine may
preferably be the control rule which is usually applied
under normal circumstances, i.e. when the aerodynamic
performance of the rotor blade is not negatively influ-
enced by ice or the like.
[0014] The first control rule considers diverse internal
or external operational parameters of the wind turbine
such as power output, wind speed, etc. and may apply
or adapt at least one working point of the wind turbine as
a part of the control rule. Hence, the respective working
point may be continuously adapted under consideration
of current climatic conditions such as particularly wind
speed, for instance. Hence, a respective control rule may
adapt the working point when wind speed increases in
that generator speed and output power may be accord-
ingly increased, for instance.
[0015] In a subsequent step c) a first power output in-
formation indicating a first power output of the wind tur-
bine based on the first control rule is determined. Hence,
the effective power output of the wind turbine is deter-
mined during operation of the wind turbine on basis of
the first control rule.
[0016] Before the first power output information is de-
termined, a certain time interval, which may be denoted
as settling time, may be waited after determining or ap-
plying the first control rule. The time interval may be 30
seconds, for instance, i.e. the effective power output of
the wind turbine in the shape of the first power output
information is determined 30 seconds after determining
and/or applying the first control rule.
[0017] In step d) at least one operational parameter of
the wind turbine is changed and at least one second con-
trol rule is chosen in such a manner that the first control
rule is replaced by the second control rule being related
to power output of the wind turbine. Hence, operation of
the wind turbine will no longer be based on the first control
rule, but on the second control rule. The second control
rule will usually relate to lower power values compared
with the power values of the first control rule. I.e. the
amount of power the generator supplies to the electrical
converter units based on the second control rule is usu-
ally lowered to a certain degree in comparison to the
amount of power the generator supplies to the electrical
converter units based on the first control rule, for a given

rotational speed.
[0018] Generally, the respective power values related
to the second control rule are scaled in comparison to
the respective power values related to the first control
rule. Scaling or offsetting is generally possible in negative
or positive direction, so that the respective power values
related to the second control rule may generally be lower
or higher in comparison to the respective power values
related to the first control rule. Scaling may be executed
in such a manner that each respective power value of
the first control rule is concertedly changed by a given
degree, i.e. either lowered or raised by means of at least
one scaling factor.
[0019] However, when applying the method according
to the invention for the first time, i.e. in a first loop of the
inventive method, the respective power values related to
the second control rule will usually be lower in compari-
son to the power values related to the first control rule.
[0020] Thus, the second control rule may involve pow-
er values which are, particularly collectively, scaled down
by 10%, for instance. Hence, a respective second work-
ing point of the second control rule may refer to power
values which are 10% lower in comparison to respective
power values based on working points of the first control
rule. Thereby, appropriate control parameters are gen-
erated and a proper adjustment of all relevant operational
parameters of the wind turbine is performed so that op-
eration of the wind turbine may be executed on basis of
the second control rule.
[0021] As has been mentioned, the second control rule
may be obtained by adjusting, i.e. particularly scaling or
offsetting the first control rule with an appropriate step-
size, i.e. the respective power values of the first control
rule may be scaled by a certain scaling value or scaling
factor. Hence, when applying a scaling of each of the
respective power values of the first control by 10%, for
instance, respective power values related to the second
control rule or second working point as a parameter of
the second control rule may be 90% of the respective
power values related to the first control rule or first work-
ing point as a parameter of the first control rule, for in-
stance.
Analogous to the first control rule, the second control rule
may also be based on a number of control parameters
including or influencing a number of operational param-
eters of the wind turbine which separately, group-wise,
or collectively are related to certain power values or a
certain power output of the wind turbine. A respective
control parameter may be at least one working point on
a respective speed-power-curve or speed-torque-curve,
for instance.
[0022] When considering respective speed-power-
curves, which may represent or serve as characteristic
curves for the operation of wind turbines and may illus-
trate power output of the wind turbine or generator torque
in dependency of the generator speed or rotational speed
of the rotor hub, for instance, both scaling of the speed-
power-curves and/or re-shaping the speed-power-
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curves may be possible during step d), i.e. during chang-
ing at least one operational parameter of the wind turbine
in such a manner that the first control rule is replaced by
a second control rule being related to different, i.e. pref-
erably lower power values. The same applies to speed-
torque-curves, whereby a torque reference is used in-
stead of a power reference. This is in accordance with
the aforementioned scaling of respective power values
of the first control rule so as to obtain the second control
rule comprising scaled, i.e. different power values in com-
parison to the ones of the first control rule.
[0023] In the following step e) a second power output
information indicating a second power output of the wind
turbine based on the second control rule is determined.
Hence, the effective power output of the wind turbine is
determined during operation of the wind turbine on basis
of the second control rule.
[0024] Again, before the second power output informa-
tion is determined, a certain time interval, which may be
denoted as settling time, may be waited after determining
or applying the second working point. The time interval
may be 30 seconds for instance, i.e. the effective power
output of the wind turbine is determined 30 seconds after
determining and/or applying the second control rule.
[0025] The first and second power output information
are compared in step f). Thereby, particularly the effec-
tive power outputs of the wind turbine based on the first
and second control rules are compared by means of an
appropriate algorithm. For comparison, it may be useful
to at least temporarily store the respective power outputs
of the wind turbine based on the first and second control
rules as well as the respective operational parameters
included or applied by the respective first and second
control rules in an appropriate storage medium.
[0026] If the comparison result obtained in f) indicates
that the effective second power output of the wind turbine
exceeds the effective first power output of the wind tur-
bine, steps a) - f) are repeated with the second control
rule being used as the first control rule in step b) (cf. step
g1)).
[0027] Hence, a recurrent loop is generated, whereby
the respective second control rule determined or chosen
in the first loop of applying of step d) serves as a first
control rule in step b) of the following loop as far as the
comparison result obtained in step f) indicates that the
effective power output of the wind turbine based on the
respective second control rule exceeds the effective pow-
er output of the wind turbine based on the respective first
control rule.
[0028] Otherwise, steps a) - f) are repeated, whereby
a different, i.e. different in comparison to the first control
rule, second control rule is determined and applied in d)
(cf. step g2)). Thereby, a larger or smaller step size for
changing and/or choosing a respective second working
point of the respective control rule will be applied in com-
parison to the previous loop of the method according to
the invention. Particularly, scaling of the respective pow-
er values of the respective first control rule is executed

with a different scaling factor so that the respective power
values of the respective second control rule differ from
the ones as previously obtained.
[0029] According to the aforementioned example, an
alternative second control rule including alternative pow-
er values in comparison to the power values related to
the preceding second control rule may be chosen and
applied. This is essentially executed by using a different
scaling factor. Hence, instead of a second control rule
including power values which are scaled by 10% in com-
parison to the power values defined in the first control
rule, respective power values of the second control may
be scaled only by 5%, i.e. they are only 5% lower in com-
parison to the power values defined in the first control
rule.
[0030] Hence, scaling down of the first working points
of the first control rule, which is still the originally applied
first control rule in this case, will be executed with a dif-
ferent, i.e. smaller step size. Thus, the power values re-
lated to the second control rule may be 95% of the re-
spective power values defined in the first control rule, for
instance.
[0031] Of course, generally scaling of the first working
points of the first control rule, which is still the originally
applied first control rule in this case, may also be exe-
cuted with a different, i.e. larger step size. Thus, in this
case the power values related to the second control rule
may be 85% of the respective power values defined in
the first control rule, for instance.
[0032] All in all, the inventive method may be under-
stood as a recurrent loop aiming at an optimised opera-
tion of the wind turbine, particularly in regard of its power
output, under the premise that at least one rotor blade of
the wind turbine being at least partially covered with ice.
[0033] Thereby, the inventive principle is based on the
notion to adaptively adjust the speed-power-curve or
speed-torque-curve or speed-power-relation or speed-
torque-relation of the wind turbine. This may be prefera-
bly done by scaling, i.e. lowering or raising the respective
power values defined in the respective currently applied
first control rule, i.e. by changing the control rule. By con-
certedly reducing the power values by scaling them down
with a certain scaling factor, less power has to be supplied
to the respective electrical converter units, i.e. the gen-
erator of the wind turbine will require less torque resulting
in - under the premise of a constant wind speed - an
increase of the rotational speed of the rotor hub since a
certain fraction of rotational speed and/or torque, respec-
tively is not used required for operating the generator.
As a consequence, the rotational speed of the wind tur-
bine may increase after a certain time, which may lead
to an increase of the effective power output of the wind
turbine.
[0034] Having compared the respective effective pow-
er outputs obtained on basis of the first and second con-
trol rules, an adaptive and iterative adjustment of the re-
spective currently applied control rules of the wind turbine
is feasible aiming at an optimised power production in
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the case of rotor blades with an at least quantitatively
unknown aerodynamic performance, particularly caused
by ice at least partially covering at least one rotor blade.
[0035] Thereby, it is possible to compare a number of
respective control rules and respective power outputs
obtained or obtainable by applying the respective control
rules before in fact applying a respective second control
rule for further operation of the wind turbine, whereby the
further operation of the wind turbine is based on the re-
spective control rule leading to the most effective power
output of the wind turbine. Thereby, the application of
averaging methods, particularly concerning the average
power output obtained or obtainable by applying respec-
tive second control rules, may be of advantage.
[0036] Generally, a respective change of a control rule
may be due to different climatic conditions such as chang-
ing wind speed, air density, etc. Thereby, it is possible
that the power output of the wind turbine may increase
due to an increase in wind speed and/or a newly applied
control rule. Accordingly, the power output of the wind
turbine may also decrease due to a decrease in wind
speed and/or a newly applied control rule.
[0037] Regarding normal operation of the wind turbine,
i.e. when the rotor blades are free of ice, in the case of
increasing wind speed the working point of a given control
rule will change giving rise to an increased power output
of the wind turbine. A respective control rule may provide
a respective increase of the rotational speed of the rotor
hub. Thus, the rotational speed of the rotor hub may be
set to increase from 3 rpm (rounds per minute), to 4.2
rpm, and further to 5 rpm, for instance. In this exemplary
case, the respective control rule provides a change in
the respective power value which is related to the theo-
retically obtainable power output of the wind turbine.
Thereby, a respective power value related to at least one
electrical converter unit of the wind turbine may follow P
= K * (RS)3, with PR = power value related to the respec-
tive electrical converter unit, K = constant factor, and RS
= rotational speed of the rotor hub. Thereby, the applied
control rule does not necessarily change.
[0038] When ice is detected on at least one of the rotor
blades, by applying a new control rule a respective power
value related to at least one electrical converter unit of
the wind turbine may follow P = C* K * (RS)3, with P =
power value related to the respective electrical converter
unit, C = scaling factor which may be set to 0.7, for in-
stance, K = constant factor, and RS = rotational speed
of the rotor hub. In such a manner, the power required
or demanded by the respective electrical converter unit
is less in comparison to the power value as applied under
normal circumstances, when the first control rule is ap-
plied, i.e. when no ice is detected on the rotor blades
leading to an increase of the rotational speed of the rotor
hub. Hence, either the rotational speed increases for the
same power output of the wind turbine or the power out-
put decreases for the same rotational speed of the rotor
hub, respectively.
[0039] Thereby, an adjustment of the control rule pref-

erably does not refer to the adjustment of pitch-angles
of the rotor blades, but to all other kinds of control and/or
operational parameters relating to the power output of
the wind turbine, particularly including the aforemen-
tioned power values sent to at least one electrical con-
verter unit of the wind turbine.
[0040] The inventive method may be executed by a
central wind turbine controller communicating with re-
spective control units allocated to respective compo-
nents of the wind turbine such as a control unit of the
generator of the wind turbine, for instance. The central
wind turbine controller may comprise appropriate algo-
rithms to execute the method according to the invention.
[0041] The second control rule is preferably chosen
under the premise that an increase of rotational speed
of the rotor hub is obtained. In other words, the second
control rule is preferably chosen in such a manner that
the power values, i.e. the power demand of the generator
of the wind turbine are reduced, i.e. the generator will
require less power at a given rotational speed and/or wind
speed. Hence, the tendency of stalling of the frosted rotor
blades may be reduced or even overcome.
[0042] Generally, choosing of the second control rule
may be executed in such a manner that the power values
based on the second control rule are higher or lower in
comparison to the power values based on the first control
rule. As mentioned above, choosing and applying the
second control rule is preferably executed with the aim
at an optimisation of the power output of the wind turbine
which is executed by applying at least one second control
rule including different power values in comparison to the
respective currently applied first control rule. Preferably,
initially the power values of the second control rule are
lower in comparison to the power values of the first control
rule. Yet, during optimisation of the power output of the
wind turbine, respective power values of a respective
second control rule may also be higher in comparison to
respective power values of a respective first control rule.
[0043] Particularly, choosing of the second control rule
is executed in such a manner that power values indicating
a degree of the amount of power as provided by the gen-
erator to at least one electrical converter unit of the wind
turbine based on the second control rule are higher or
lower in comparison to respective power values based
on the first control rule. The specific choice of respective
power values of a respective second control rule may
vary, so that changes of the respective power values of
a respective first control rule are generally possible in
either positive or negative direction, i.e. respective power
values of a respective second control rule may generally
be higher or lower in comparison to respective power
values of the previously applied first control rule.
[0044] Preferably, choosing of the second control rule
is executed in such a manner that the rotational speed
of the rotor hub based on the second control rule is or
will become higher in comparison to the rotational speed
of the rotor hub based on the first control rule. This may
be particularly achieved by choosing a respective second
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control rule including respective power values which are
scaled by a certain scaling factor in comparison to the
respective power values of a respective first control rule.
If scaling, i.e. particularly scaling factor and scaling di-
rection, was appropriate in terms of an optimisation of
the power output of the wind turbine may be checked
when comparing the respective effective power outputs
of the wind turbine as obtained when operated on basis
of the first and second control rule. In such a manner, an
estimation if the scaling direction and step-size is appro-
priate for optimising power output.
[0045] As has been mentioned, respective power val-
ues defined in respective speed-power-curves, speed-
torque-curves, etc. underlying respective second control
rules may be lower in comparison to respective power
output values defined in respective speed-power-curves
underlying respective first control rules. In such a man-
ner, the operation of the generator on basis of a respec-
tive second control rule will require less torque for a given
rotational speed such that the rotational speed of the rotor
hub will increase since the wind turbine has to deliver
less power for the same rotational speed of the rotor hub
than before, i.e. when assuming constant wind speed
and operating the wind turbine on basis of the first control
rule. In such a manner, it is possible that the effective
power output of the wind turbine on basis of the second
control rule may be equal or even exceed the power out-
put of the wind turbine on basis of the first control rule
which is mainly based on the fact that the rotational speed
of the rotor hub based on the second control rule is higher
in comparison to the rotational speed of the rotor hub
based on the first control rule.
[0046] As has also been mentioned before, it is of ad-
vantage that a predetermined time is waited after step d)
before the second power output information is deter-
mined in step e). The time interval may be denoted as
settling time and assures that the operation of the wind
turbine is entirely adapted to the change of the control
rule of the wind turbine, so that the wind turbine is steadily
operated on basis of the respective second control rule.
Basically, the same applies to the application of a first
control rule, particularly when a second control rule of a
previous loop of the inventive method has become the
first control rule of the current loop of the inventive method
(cf. step g1)).
[0047] It is possible that the frequency of determining
and choosing a respective second control rule is depend-
ent from at least one climatic parameter, particularly am-
bient temperature and/or ambient pressure and/or am-
bient humidity, indicating the climatic conditions in the
region of the wind turbine. In such a manner, the frequen-
cy of changing respective control rules of the wind tur-
bine, i.e. the time between changing the control rules of
the wind turbine, may vary in dependency of diverse cli-
matic parameters indicating the climatic conditions in the
region of the wind turbine. Particularly, ambient temper-
ature and/or ambient pressure and/or ambient humidity
may be considered for choosing the number of changes

of the application of a respective second control rule per
time unit. Appropriate climatic sensor means provided
with the wind turbine may be used for obtaining respec-
tive climatic information. Additionally and/or alternatively,
respective climatic information may be transferred to the
wind turbine by an appropriate communication means
such as a communication network or the like.
[0048] Hence, at temperatures far below 0°C, it may
be necessary to change the control rule of the wind tur-
bine more frequently in order to obtain an optimised op-
eration of the wind turbine correlated to an optimised
power output of the wind turbine since the formation as
well as the amount of ice on the rotor blades is usually
increased at temperatures far below 0°C in comparison
to temperatures ranging in the region of 0°C. Hence, pref-
erably the ambient temperature may be used as an indi-
cator of how often and/or how fast choosing and applying
a second control rule may be executed in order to assure
an optimal power output of the wind turbine.
[0049] As mentioned above, the control or operational
parameters allocated to a respective control rule gener-
ally may embrace a number of operational parameters
of the wind turbine. Thereby, operational parameters may
relate to torque on a main shaft and/or a generator of the
wind turbine, rotational speed of a rotor hub and/or ro-
tating components of a generator of the wind turbine
and/or load information concerning at least one compo-
nent of the wind turbine. Further operational parameters
directly or indirectly relating or influencing the power out-
put of the wind turbine may be applicable as well.
[0050] According to a further embodiment of the inven-
tive method, choosing of the second control rule is exe-
cuted by using an adaptive step-size. Adaptive step size
means that choosing of a respective second control rule
or particularly at least one respective working point or
power value correlated to a second control rule may be
executed iteratively. Hence, since the inventive method
may be executed as a recurrent loop, the step-size of
changing a respective first control rule or a respective
first working point or power value as parameters of the
first control rule of the wind turbine to a respective second
control rule or a respective second working point or power
value as parameters of the second control rule may be
decreased with the number of loops performed.
[0051] In such a manner, in a first loop a first control
rule may refer to P2 = C*P1, whereby P2 refers to a re-
spective power value of the wind turbine based on the
second control rule, whereas P1 relates to a respective
power value of the wind turbine based on the first control
rule. As has been mentioned above, respective power
values P1 and P2 are correlated to a respective power
output of the wind turbine. Both P1 and P2 may be a
function of different operational parameters of the wind
turbine such as particularly rotational speed of the rotor
hub. C is a scaling factor which is initiated to C = 1.
[0052] In a first loop, a value of C = 0.9 may be applied,
i.e. the power values P2 related to the second control
rule are 10% less in comparison to the power values
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P1related to the first control rule, in a subsequent second
loop, a value of C= 0.95 may be applied so that the
change of the power values P2 based on the second
control rule is only 5% less in comparison to the respec-
tive power values P1 related to the respective previous
first control rule, in a subsequent third loop, a value of
C= 0.975 may be applied so that the change of the power
values P2 based on the second control rule is only 2.5%
less in comparison to the respective power values P1
related to the respective previous first control rule, etc.
[0053] Hence, in every iteration step, the scaling factor
C may be varied or changed in order to optimise power
output of the wind turbine. Thereby, changing the scaling
factor C is iteratively always in the direction of an optimi-
sation of the power output the wind turbine. Basically,
scaling may be performed both in positive and negative
direction.
[0054] Alternatively, in respective recurrent loops, a re-
spective first control rule may refer to P2 = P1 - C or
alternatively P2 = C1 * P1 - C2. In the latter case, C1 and
C2 refer to different scaling factors, offsets, or the like.
Hence, generally different ways of determining respec-
tive power values of a respective second control rule are
feasible.
[0055] Aside, the present invention relates to a wind
turbine adapted to execute the method as described be-
fore. All annotations regarding the inventive method also
apply to the inventive wind turbine.
[0056] In the following, the invention is described in
detail as reference is made to the principle drawings
showing exemplary embodiments of the invention,
whereby:

Fig. 1 shows a principle drawing of a wind turbine ac-
cording to an exemplary embodiment of the in-
vention;

Fig. 2 shows a flow-chart of the method according to
an exemplary embodiment of the invention;

Fig. 3 shows an exemplary speed-power-curve as
stored in a control unit of a wind turbine accord-
ing to an exemplary embodiment of the inven-
tion; and

Fig. 4 shows an exemplary speed-power-curve as
stored in a control unit of a wind turbine accord-
ing to an exemplary embodiment of the inven-
tion.

[0057] Fig. 1 shows a principle drawing of a wind tur-
bine 1 according to an exemplary embodiment of the in-
vention. The wind turbine 1 comprises a rotor hub 2 sup-
porting a number of rotor blades 3 with the rotor blades
3 being pitchable around their longitudinal axes by an
appropriate rotor blade pitching means (not shown). The
wind turbine 1 is a direct-drive wind turbine, i.e. the rotor
hub 2 is directly coupled to a generator 4 by means of a

main shaft 5. Yet, the provision of a gear box interposed
between the rotor hub 2 and the generator 4 is not ob-
ligatory, but in principle possible.
[0058] Further, a control unit 6 in terms of a central
wind turbine controller is provided which control unit 6
communicates with the generator 4 and respective sen-
sor means provided with the wind turbine 1, i.e. a climatic
sensor 7 providing climatic information regarding the cli-
matic conditions in the region of the wind turbine 1 such
as information relating to ambient temperature and/or
ambient pressure and/or ambient humidity, etc., a rota-
tional speed sensor 8 providing information regarding the
rotational speed of the rotor hub 2, and a rotor blade pitch
angle sensor 9 providing information regarding the pitch
angle of the respective rotor blades 3. As is known, the
pitch angle of a respective rotor blade 3 is defined as the
angle between the blade chord line or axis of the blade
chord line of the respective rotor blade 3 and the plane
of rotation of the rotor hub 2.
[0059] The control unit 6 is also adapted to detect
changes in the aerodynamic performance of at least one
of the rotor blades 3. In such a manner, the control unit
6 is particularly adapted to detect if the surface of at least
one rotor blade 3 is at least partially covered with ice.
The principle of detecting ice on at least one of the rotor
blades 3 may be based on the teachings as disclosed in
WO 2011/127990, for instance.
[0060] The inventive method for operating a wind tur-
bine 1 will be explained on basis of fig. 2, 3, and 4, where-
by fig. 2 shows a flow-chart of the method according to
an exemplary embodiment of the invention and fig. 3, 4
show exemplary speed-power-curves which may be
stored in a control unit 6 of a wind turbine 1. Generally,
fig. 3, 4 could alternatively relate to or show respective
speed-torque-curves.
[0061] The inventive method begins in step a) with the
detection of changes in the aerodynamic performance of
at least one of the rotor blades 3. Thereby, it is particularly
detected if at least one of the rotor blades 3 is at least
partially covered with ice.
[0062] If any changes in the aerodynamic performance
of at least one of the rotor blades 3 are detected, such
as in the exemplary case of at least one at least partially
frosted rotor blade 3, the inventive method continues with
step b), i.e. determining a first control rule CR1 of the
wind turbine 1 which first control rule CR1 is related to
power output of the wind turbine 1. Otherwise, normal
operation of the wind turbine 1 is continued.
[0063] Generally, a respective control rule CR1, CR2
may embrace a number of control parameters and/or op-
erational parameters of the wind turbine 1. Exemplary
operational parameters may relate to working points of
the wind turbine 1, torque on the main shaft 5 and/or the
generator 4 of the wind turbine 1, rotational speed of the
rotor hub 2 and/or rotating components of the generator
4 and/or load information concerning at least one com-
ponent of the wind turbine 1, etc. Respective control rules
CR1, CR2 particularly include at least one power value
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P1, P2 indicating a degree of the amount of electric power
to be provided by the generator 4 to at least one electrical
converter unit (not shown) of the wind turbine 1.
[0064] In the simplest case, the first control rule CR1
may be the same control rule CR as used during normal
operation of the wind turbine 1, i.e. when no changes in
the aerodynamic performance of at least one of the rotor
blades 3 have been detected.
[0065] An exemplary first working point WP1 can be
seen in the speed-power-curve related to a respective
first control rule CR1 shown in fig. 3, 4 showing plots of
the output power of the generator 4 (y-axis) versus the
generator speed, i.e. the rotational speed of the rotating
component (rotor) of the generator 4 which directly cor-
responds to the rotational speed of the main shaft 5 as
well as to the rotational speed of the rotor hub 2 for the
direct drive wind turbine 1 depicted in fig. 1. The first
working point WP1 may relate to a first power value P1
of approx. 1000 kW, for instance. I.e., the wind turbine 1
is operated in such a manner that the generator 4 will
supply a power of approx. 1000 kW to the at least one
respective electrical converter unit during normal condi-
tions.
[0066] After a certain time interval, which may be de-
noted as settling time and may take 30 seconds, for in-
stance, a first power output information I1 indicating a
first power output P1 of the wind turbine 1 based on the
first control rule CR1 including the first working point WP1
and the first power value P1 is determined in step c). In
this manner, it is determined which effective power output
is obtained on basis of the first control rule CR1 which of
course is related to the first working point WP1, the first
power value P1, as well as a number of corresponding
control and/or operational parameters of the wind turbine
1.
[0067] Since, at least one rotor blade 3 is at least par-
tially covered with ice negatively influencing the rotational
speed of the rotor hub 2 the effective power output will
usually be lower in comparison to the theoretically pos-
sible power output based on the first control rule CR1.
[0068] In the following step d) at least one operational
parameter of the wind turbine 1 is changed and a second
control rule CR2 is chosen in such a manner that the first
control rule CR1 is replaced by the second control rule
CR2. Particularly, a respective second control rule CR2
is chosen in such a manner that the respective power
values P1 related to the first control rule CR1 are collec-
tively changed by a certain value (or scaling factor) so
that respective power values P2 are obtained (cf. fig. 3).
This is achieved by scaling, i.e. usually scaling down, the
respective power values P1 related to the first control
rule CR1 or working point WP1, respectively by means
of a scaling factor C according to P2 = C * P1, for instance.
[0069] As mentioned above, both P1 and P2 may be
a function of different operational parameters of the wind
turbine such as particularly rotational speed of the rotor
hub and air density.
[0070] Aside, in dependence of the respective scaling

factors C the second control rule CR2 may involve an at
least partially or even entirely differently shaped speed-
power-curve (cf. dotted line in fig. 3, 4).
[0071] Initially, C = 1 but when changing the first control
rule CR1, i.e. when exemplarily changing the first working
point WP1 correlated to the first control rule CR1 and
hence changing the first power values P1, C may be cho-
sen to a value of 0.9 so that the power the generator 4
supplies to the respective electrical converter units of the
wind turbine 1 is reduced by 10% for a given rotational
speed. The second power value P2 is applied for further
operation of the wind turbine 1.
[0072] In such a manner, the torque required or de-
manded by the generator 4 is also reduced for a given
rotational speed and hence - under the premise of a con-
stant wind speed - the rotational speed of the rotor hub
2 and the main shaft 5 is not entirely used for operating
the generator 4 so that rotation of the rotor hub 2 is eased
giving rise to an increase in rotational speed of the rotor
hub 2. The rise of the rotational speed of the rotor hub 2
directly counteracts the tendency of stalling due to ice at
least partially covering at least one of the rotor blades 3.
After a certain time, the rotor hub 2 may spin up, i.e. the
rotational speed may increase leading to an increase of
the power output of the wind turbine 1.
[0073] In step e), akin to step c), a second power output
information 12 indicating a second power output P2 of
the wind turbine 1 based on the second control rule CR2
including the second working point WP2 and respective
power values P2 is determined. Again, a certain time
interval may have to be passed after applying the second
control rule CR2 in step d). The time interval may be 30
seconds, for instance.
[0074] Hence, the second control rule CR2 including
the second working point WP2 and respective power val-
ues P2 is preferably chosen under the premise that an
increase of the rotational speed of the rotor hub 2 is ob-
tained or at least theoretically obtainable after a respec-
tive settling time.
[0075] In the subsequent step f) the first and second
power output information I1, 12 are compared, i.e. the
respective effective power outputs of the wind turbine 1
based on the first and second control rules CR1, CR2
are compared. In such a manner, it may be observed if
the effective power output of the wind turbine 1 based on
the second control rule CR2 has changed, i.e. particularly
has exceeded the effective power output of the wind tur-
bine 1 based on the first control rule CR1 which would
be related to an optimisation of the operation of the wind
turbine 1 or the efficiency of the wind turbine 1, respec-
tively.
[0076] If the effective power output of the wind turbine
1 based on the second control rule CR2 exceeds the first
power output P1 of the wind turbine 1, steps a) - f) are
repeated with the currently used second control rule CR2
being used as the first control rule CR1 in step b), i.e. the
current second control rule CR2 replacing the originally
used first control rule CR1. Hence, the inventive method
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may be deemed as recurrent loop.
[0077] Thereby, it is possible that the scaling factor C
may be changed in step d) of the subsequent loop, i.e.
when emanating from the second control rule CR2 having
become the first control rule CR1 in the second loop in
step b).
[0078] In such a manner, an adaptive and iterative
change of the respective first control rules CR1 and re-
spective working points WP1 as well as power values P1
is possible, whereby in a first loop, a value of C = 0.9
may be applied, i.e. the power values P2 related to the
second control rule CR2 are each 10% less in compari-
son to the respective power values P1related to the re-
spective first control rule CR1, in a subsequent second
loop, a value of C= 0.95 may be applied so that the
change of the power values P2 based on the respective
second control rule CR2 is only 5% less in comparison
to the power values P1 of the wind turbine 1 related to
the respective first control rule CR1, in a subsequent third
loop, a value of C= 0.975 may be applied so that the
change of the power values P2 based on the second
control rule CR2 are only 2.5% less in comparison to the
respective power values P1 related to the first control
rule CR1, etc.
[0079] If the comparison result obtained in step f) indi-
cates that the effective power output of the wind turbine
1 based on the application of the second control rule CR2,
i.e. particularly the second power values P2 does not
exceed the effective power output of the wind turbine 1
based on the first control rule CR1, steps a) - f) are re-
peated, whereby a different second control rule CR2,
possibly also including or involving different second work-
ing points WP2 and particularly different power values
CR2 is applied in step d). The different second control
rule CR2 will usually relate to more significantly changed
power values P2 of the wind turbine 1 so that the afore-
mentioned effects of a reduced power demand of the
generator 4 and thus an increase of the rotational speed
of the rotor hub 2 will be more effective.
[0080] Another possible approach embraced by the in-
ventive method is depicted in fig. 4, which may be par-
ticularly applied, when the wind turbine 1 tends to stall
under operation on basis of the first control rule CR1.
Constant wind speed is assumed. Thereby, according to
the inventive method and the aforementioned annota-
tions (cf. step d)) the first control rule CR1 is replaced by
a respective second control rule CR2 so that the wind
turbine 1 will no longer be operated on basis of the first
control rule CR1, but on basis of the newly applied second
control rule CR2.
[0081] After a certain settling time and according to the
aforementioned annotations, the output power of the
wind turbine 1 will be increased, i.e. the effective power
output of the wind turbine 1 on basis of the second control
rule CR2 is higher in comparison to the effective power
output of the wind turbine 1 on basis of the first control
rule CR1.
[0082] It is possible that in the transition from WP1 to

WP2 the power output may initially decrease since the
slope of the speed-power-curve related to the second
control rule CR2 is lower in comparison the slope of the
speed-power-curve related to the first control rule CR1
(cf. fig. 3, 4). Yet, due to an increase of the rotational
speed of the rotor hub 2 the effective power output of the
wind turbine 1 increases as well leading to an optimised
operation of the wind turbine 1.
[0083] Generally, the frequency of determining, choos-
ing, and applying a respective second control rule CR2,
i.e. exemplarily determining, choosing, and applying a
respective second working points WP2 and power values
P2 correlated to the respective second control rule CR2
may be varied.
[0084] In particular, the frequency of determining,
choosing, and applying a respective second control rule
CR2 may be varied in dependency of at least one climatic
information as obtained from the climatic sensor 7, for
instance. In such a manner, the frequency of changing
respective control rules CR1 of the wind turbine 1, i.e.
the time between changing the respective control rule
CR1 of the wind turbine 1, i.e. the time between replacing
a respective first control rule CR1 by a second control
rule CR2, may vary in dependency of diverse climatic
parameters indicating the climatic conditions in the region
of the wind turbine 1.
[0085] Although the present invention has been de-
scribed in detail with reference to the preferred embodi-
ment, the present invention is not limited by the disclosed
examples from which the skilled person is able to derive
other variations without departing from the scope of the
invention.

Claims

1. Method for operating a wind turbine (1) having a rotor
hub (2) supporting at least one rotor blade (3), the
method comprising the steps of:

a) detecting changes in the aerodynamic per-
formance of the at least one rotor blade (3) of
the wind turbine (1),
b) determining a first control rule (CR1) of the
wind turbine (1) being related to power output
of the wind turbine (1),
c) determining a first power output information
(11) indicating a first power output of the wind
turbine (1) based on the first control rule (CR1),
the method being characterised by the follow-
ing steps:
d) changing at least one operational parameter
of the wind turbine (1) and choosing at least one
second control rule (CR2) in such a manner that
the first control rule (CR1) is replaced by the
second control rule (CR2) being related to power
output of the wind turbine (1),
e) determining a second power output informa-
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tion (12) indicating a second power output of the
wind turbine (1) based on the second control
rule (CR2),
f) comparing the first and second power output
information (11, 12),
g1) if the second power output of the wind turbine
(1) exceeds the first power output of the wind
turbine (1), repeating a) - f) with the second con-
trol rule (CR2) being used as the first control rule
(CR1) in b);
g2) otherwise repeating a) - f), whereby a differ-
ent second control rule (CR2) is applied in d).

2. Method according to one of the preceding claims,
wherein choosing of the second control rule (CR2)
is executed in such a manner that the rotational
speed of the rotor hub (2) based on the second con-
trol rule (CR2) is higher in comparison to the rota-
tional speed of the rotor hub (2) based on the first
control rule (CR1).

3. Method according to claim 1 or 2, wherein choosing
of the second control rule (CR2) is executed in such
a manner that power values (P2) indicating a degree
of the amount of power as provided by the generator
(4) to at least one electrical converter unit of the wind
turbine (1) based on the second control rule (CR2)
are higher or lower in comparison to respective pow-
er values (P1) based on the first control rule (CR1).

4. Method according to one of the preceding claims,
wherein a predetermined time is waited after step d)
before the second power output information (12) is
determined in step e).

5. Method according to one of the preceding claims,
wherein the frequency of determining and choosing
a respective second control rule (CR2) is dependent
from at least one climatic parameter, particularly am-
bient temperature and/or ambient pressure and/or
ambient humidity, indicating the climatic conditions
in the region of the wind turbine (1).

6. Method according to one of the preceding claims,
wherein the control parameters allocated to a re-
spective control rule (CR1, CR2) embrace a number
of operational parameters of the wind turbine (1).

7. Method according to claim 6, wherein the operational
parameters relate to torque on a main shaft (5) and/or
a generator (4) of the wind turbine (1), rotational
speed of the rotor hub (2) and/or rotating compo-
nents of a generator (4) of the wind turbine (1) and/or
load information concerning at least one component
of the wind turbine (1).

8. Method according to one of the preceding claims,
wherein choosing of the second control rule (CR2)

is executed by using an adaptive step-size.

9. Method according to one of the preceding claims,
wherein detecting of the aerodynamic properties of
at least one rotor blade (3) of the wind turbine (1)
comprises detecting if ice is at least partially covering
the surface of the at least one rotor blade (3).

10. Wind turbine (1) comprising at least one control unit
(6) adapted to execute the method according to one
of the preceding claims.

Patentansprüche

1. Verfahren zum Betreiben einer Windenergieanlage
(1) mit einer mindestens ein Rotorblatt (3) tragenden
Rotornabe (2), wobei das Verfahren die folgenden
Schritte umfasst:

a) Erfassen von Änderungen des aerodynami-
schen Verhaltens des mindestens einen Rotor-
blattes (3) der Windenergieanlage (1),
b) Bestimmen einer ersten Steuerungsregel
(CR1) der Windenergieanlage (1), die mit der
Leistungsabgabe der Windenergieanlage (1)
zusammenhängt,
c) Bestimmen einer ersten Leistungsabgabein-
formation (11), welche eine erste Leistungsab-
gabe der Windenergieanlage (1) auf der Basis
der ersten Steuerungsregel (CR1) angibt, wobei
das Verfahren durch die folgenden Schritte ge-
kennzeichnet ist:
d) Ändern mindestens eines Betriebsparame-
ters der Windenergieanlage (1) und Wählen
mindestens einer zweiten Steuerungsregel
(CR2) auf eine solche Weise, dass die erste
Steuerungsregel (CR1) durch die zweite Steu-
erungsregel (CR2), die mit der Leistungsabgabe
der Windenergieanlage (1) zusammenhängt,
ersetzt wird,
e) Bestimmen einer zweiten Leistungsabgabe-
information (12), welche eine zweite Leistungs-
abgabe der Windenergieanlage (1) auf der Ba-
sis der zweiten Steuerungsregel (CR2) angibt,
f) Vergleichen der ersten und zweiten Leistungs-
abgabeinformation (11, 12),
g1) falls die zweite Leistungsabgabe der Wind-
energieanlage (1) die erste Leistungsabgabe
der Windenergieanlage (1) übersteigt, Wieder-
holen von a) bis f), wobei in b) die zweite Steu-
erungsregel (CR2) als die erste Steuerungsre-
gel (CR1) verwendet wird;
g2) andernfalls Wiederholen von a) bis f), wobei
in d) eine andere zweite Steuerungsregel (CR2)
angewendet wird.

2. Verfahren nach einem der vorhergehenden Ansprü-
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che, wobei das Wählen der zweiten Steuerungsregel
(CR2) auf eine solche Weise ausgeführt wird, dass
die Drehzahl der Rotornabe (2) auf der Basis der
zweiten Steuerungsregel (CR2) höher als die Dreh-
zahl der Rotornabe (2) auf der Basis der ersten Steu-
erungsregel (CR1) ist.

3. Verfahren nach Anspruch 1 oder 2, wobei das Wäh-
len der zweiten Steuerungsregel (CR2) auf eine sol-
che Weise ausgeführt wird, dass Leistungswerte
(P2), welche eine Höhe der Leistungsmenge ange-
ben, die von dem Generator (4) wenigstens einer
elektrischen Wandlereinheit der Windenergieanlage
(1) auf der Basis der zweiten Steuerungsregel (CR2)
zugeführt wird, höher oder niedriger als jeweilige
Leistungswerte (P1) auf der Basis der ersten Steu-
erungsregel (CR1) sind.

4. Verfahren nach einem der vorhergehenden Ansprü-
che, wobei nach Schritt d) eine vorbestimmte Zeit
gewartet wird, bevor in Schritt e) die zweite Leis-
tungsabgabeinformation (12) bestimmt wird.

5. Verfahren nach einem der vorhergehenden Ansprü-
che, wobei die Häufigkeit des Bestimmens und Wäh-
lens einer jeweiligen zweiten Steuerungsregel (CR2)
von mindestens einem Klimaparameter abhängig
ist, insbesondere von der Umgebungstemperatur
und/oder dem Umgebungsdruck und/oder der Um-
gebungsfeuchtigkeit, welcher die klimatischen Be-
dingungen in der Region der Windenergieanlage (1)
angibt.

6. Verfahren nach einem der vorhergehenden Ansprü-
che, wobei die Steuerungsparameter, die einer je-
weiligen Steuerungsregel (CR1, CR2) zugeordnet
sind, eine Anzahl von Betriebsparametern der Wind-
energieanlage (1) umfassen.

7. Verfahren nach Anspruch 6, wobei die Betriebspa-
rameter mit dem Drehmoment an einer Hauptwelle
(5) und/oder einem Generator (4) der Windenergie-
anlage (1), der Drehzahl der Rotornabe (2) und/oder
der rotierenden Komponenten eines Generators (4)
der Windenergieanlage (1) und/oder Lastinformati-
onen, die mindestens eine Komponente der Winde-
nergieanlage (1) betreffen, in Zusammenhang ste-
hen.

8. Verfahren nach einem der vorhergehenden Ansprü-
che, wobei das Wählen der zweiten Steuerungsregel
(CR2) unter Verwendung einer adaptiven Schrittwei-
te ausgeführt wird.

9. Verfahren nach einem der vorhergehenden Ansprü-
che, wobei das Erfassen der aerodynamischen Ei-
genschaften des mindestens einen Rotorblattes (3)
der Windenergieanlage (1) das Erfassen, ob Eis we-

nigstens teilweise die Oberfläche des mindestens
einen Rotorblattes (3) bedeckt, umfasst.

10. Windenergieanlage (1), welche mindestens eine
Steuereinheit (6) umfasst, die dazu eingerichtet ist,
das Verfahren nach einem der vorhergehenden An-
sprüche auszuführen.

Revendications

1. Procédé d’exploitation d’une éolienne (1) ayant un
moyeu de rotor (2) supportant au moins une pale de
rotor (3), le procédé comprenant les étapes de :

a) détection des changements de la performan-
ce aérodynamique de la ou des pales de rotor
(3) de l’éolienne (1),
b) détermination d’une première règle de régu-
lation (CR1) de l’éolienne (1), associée à la puis-
sance de sortie de l’éolienne (1),
c) détermination d’une première information de
puissance de sortie (11) indiquant une première
puissance de sortie de l’éolienne (1) sur la base
de la première règle de régulation (CR1),
le procédé étant caractérisé par les étapes
suivantes :
d) changement d’au moins un paramètre opé-
rationnel de l’éolienne (1) et choix d’au moins
une deuxième règle de régulation (CR2) de telle
sorte que la première règle de régulation (CR1)
soit remplacée par la deuxième règle de régu-
lation (CR2) associée à la puissance de sortie
de l’éolienne (1),
e) détermination d’une deuxième information de
puissance de sortie (12) indiquant une deuxiè-
me puissance de sortie de l’éolienne (1) sur la
base de la deuxième règle de régulation (CR2),
f) comparaison de la première et de la deuxième
informations de puissance de sortie (11, 12),
g1) si la première puissance de sortie de l’éo-
lienne (1) dépasse la première puissance de
sortie de l’éolienne (1), répétition des étapes a)
à f), la deuxième règle de régulation (CR2) étant
utilisée en tant que première règle de régulation
(CR1) dans b) ;
g2) sinon, répétition des étapes a) à f), ce qui
applique dans d) une deuxième règle de régu-
lation (CR2) différente.

2. Procédé selon l’une des revendications précéden-
tes, dans lequel le choix de la deuxième règle de
régulation (CR2) est exécuté de telle sorte que la
vitesse de rotation du moyeu de rotor (2), sur la base
d’une deuxième règle de régulation (CR2), soit su-
périeure à la vitesse de rotation du moyeu de rotor
(2) sur la base de la première règle de régulation
(CR1).
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3. Procédé selon la revendication 1 ou 2, dans lequel
le choix de la deuxième règle de régulation (CR2)
est exécuté de telle sorte que les valeurs de la puis-
sance (P2) indiquant un degré de quantité de puis-
sance telle que fournie par la génératrice (4) à au
moins une unité de convertisseur électrique de l’éo-
lienne (1) sur la base de la deuxième règle de régu-
lation (CR2), soient supérieures ou inférieures aux
valeurs respectives de la puissance (P1) sur la base
de la première règle de régulation (CR1).

4. Procédé selon l’une des revendications précéden-
tes, dans lequel on attend un temps prédéterminé
après l’étape d) avant de déterminer dans l’étape e)
la deuxième information de puissance de sortie (I2).

5. Procédé selon l’une quelconque des revendications
précédentes, dans lequel la fréquence de détermi-
nation et de choix d’une deuxième règle de régula-
tion respective (CR2) dépend d’au moins un para-
mètre climatique, en particulier la température am-
biante et/ou la pression ambiante et/ou l’humidité
ambiante, indiquant les conditions climatiques dans
la région de l’éolienne (1).

6. Procédé selon l’une des revendications précéden-
tes, dans lequel les paramètres de régulation affec-
tés à une règle de régulation respective (CR1, CR2)
englobent un certain nombre de paramètres opéra-
tionnels de l’éolienne (1).

7. Procédé selon la revendication 6, dans lequel les
paramètres opérationnels concernent le couple d’un
arbre principal (5) et/ou d’une génératrice (4) de l’éo-
lienne (1), la vitesse de rotation du moyeu de rotor
(2) et/ou des composants tournants d’une généra-
trice (4) de l’éolienne (1) et/ou l’information de char-
ge concernant au moins un composant de l’éolienne
(1).

8. Procédé selon l’une des revendications précéden-
tes, dans lequel le choix de la deuxième règle de
régulation (CR2) est exécuté par utilisation d’un pas
adaptatif.

9. Procédé selon l’une des revendications précéden-
tes, dans lequel la détection des propriétés aérody-
namiques d’au moins une pale de rotor (3) de l’éo-
lienne (1) consiste à détecter si de la glace recouvre
au moins partiellement la surface de la ou des pales
de rotor (3).

10. Eolienne (1) comprenant au moins une unité de ré-
gulation (6) apte à mettre en oeuvre le procédé selon
l’une des revendications précédentes.
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