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Description

FIELD OF THE INVENTION

[0001] The present invention relates generally to shad-
ow control of wind turbines and, for example, to a shad-
ow-control system of a wind turbine, wherein the wind
turbine has a rotor that, when rotating and when the sun
is at a certain position, may cast an intermittent shadow
onto an object in the vicinity of the turbine; the shadow
control system is arranged to cause the wind turbine to
be stopped, based on a shadow-related shut-down con-
dition, so that intermittent shadow is not cast onto the
object.

BACKGROUND OF THE INVENTION

[0002] The rotor of a wind turbine, as it rotates, may
cast an intermittent shadow on the adjacent ground area.
Residents living in this area often perceive such intermit-
tent shadow as a nuisance. This problem might make it
difficult to erect or operate wind turbines close to objects
that are "sensitive" to intermittent shadow, such as oc-
cupied houses.
[0003] In this context, it was proposed in DE 199 28
048 A1 that a wind turbine be shut down when a shadow-
sensitive object (e.g. a house) close to the wind turbine
can be subjected to intermittent shadow produced by the
wind turbine’s rotor. The shut-down condition is com-
prised of two sub-conditions logically combined by an
AND: the first sub-condition is that the current position
of the sun is such that shadow can theoretically be cast
onto the object. The second sub-condition pertains to the
"quality and quantity" of the shadow, i.e. whether the
sun’s light radiation is such that shadow will actually oc-
cur. The second sub-condition is based on a measure-
ment of direct- and indirect-light intensities and a result
of a comparison of these intensities being above a given
threshold.
[0004] A similar shadow control is described in US
6,661,111. The shut-down condition is, however, based
only on a direct-light measurement, and whether the
measured direct-light intensity is above a threshold.
When the condition mentioned is fulfilled, the turbine is
not shut down instantly, but only after a delay of, e.g.,
five minutes (such a delay could be regarded as a third
sub-condition that is "ANDed" with the other sub-condi-
tions mentioned). If the turbine has been stopped, but
the shut-down condition is not fulfilled any more (e.g.
because the sun has moved so that no shadow can be
cast onto the object anymore, or the measured intensity
has fallen below the threshold), the operation of the wind
turbine is resumed. Again, operation is not resumed in-
stantly, but only after a delay of, e.g., two minutes. The
delays prevent the turbine from being switched on and
off too frequently, e.g. if the light intensity fluctuates
around the threshold.
[0005] US 2006/0267347 A1 pertains to a shadow-

control system similar to that of DE 199 28 048 A1. To
measure the direct- and indirect-light intensities, three
light sensors are provided. They are arranged at relative
angles of 120°, and their aperture angle (i.e. their light
sensitive opening angle) is at least 120° to ensure that
always at least one of the sensors always picks up the
direct rays of sunlight and at least another one is not
exposed to the direct rays of sunlight.
[0006] E. Verkuijlen et al., Shadow Hindrance by Wind
Turbines, European Wind Energy Conference, Ham-
burg, Germany, 22-26 October 1984, p. 356 - 361, de-
scribes shadow hindrance by wind turbines in general,
and concludes that whenever the shadow of a wind tur-
bine causes nuisance the wind turbine could be stopped.

SUMMARY OF THE INVENTION

[0007] The invention is directed to a shadow-control
system of a wind turbine according to the features of claim
1, the wind turbine having a rotor that, when rotating and
when the sun is at a certain position, may cast an inter-
mittent shadow onto an object in the vicinity of the turbine.
The shadow-control system is arranged to cause the
wind turbine to be stopped, based on a shadow-related
shut-down condition, so that intermittent shadow is not
cast onto the object. The shut-down condition comprises
a determination whether shadow can theoretically be
cast onto the object at the present time of the day. The
shut-down condition also comprises a result of a com-
parison between a direct-light intensity and an indirect-
light intensity being beyond a direct-to-indirect light
threshold. The shadow-control further comprises a set
of light sensors to provide measured direct- and indirect-
light intensities for the purpose of comparison, the light
sensors being able to measure the direct- light intensity
when irradiated by the sun and the indirect-light intensity
when not irradiated by the sun. The set of light sensors
which provides measured direct- and indirect-light inten-
sities for the comparison has only two light sensors, an
eastward-oriented light sensor and a westward-oriented
light sensor.
[0008] In some embodiments the shadow control sys-
tem is also arranged to cause the operation of the wind
turbine to be resumed, on the basis of a shadow-related
operation-resume condition. The shut-down condition
comprises a light-measurement result being beyond a
first threshold, and the operation-resume condition com-
prises a light-measurement result returning to a second
threshold. There is a hysteresis in the thresholds such
that the light-measurement result causing shut-down is
not sufficient to cause the operation to be resumed.
[0009] In some embodiments the response of the light
sensor is temperature-dependent. The shadow control-
system comprises at least one temperature-measure-
ment device, or is arranged to receive a temperature-
measurement signal. The light sensor signal is temper-
ature-compensated, based on the measured tempera-
ture.
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[0010] According to another embodiment the light sen-
sors are equipped with a heating device to keep the sen-
sor free of ice.
[0011] Other features are inherent in the methods and
products disclosed or will become apparent to those
skilled in the art from the following detailed description
of embodiments and its accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] Embodiments of the invention will now be de-
scribed, by way of example, and with reference to the
accompanying drawings, in which:

Fig. 1 is an illustration of the overall situation of shad-
ow cast by a wind turbine during a day;
Fig. 2 is a side view of a light-sensor set mounted
on a pole;
Fig. 3 is a top view of the light-sensor set of Fig. 2;
Fig. 4 is a top view of another embodiment similar
to Fig. 3, but with a different orientation of the light
sensors;
Fig. 5 is a functional diagram of a shadow control
system illustrating signal processing up to the gen-
eration of a shut-down signal;
Fig. 6 is a partial functional diagram analogous to
Fig. 5, but illustrating the generation of an operation-
resume signal;
Fig. 7 is a diagram illustrating an embodiment with
hysteresis functionality;
Fig. 8 illustrates a temperature-dependency of a light
sensor;
Fig. 9 illustrates an embodiment with temperature
compensation of the light intensity measurement;
Fig. 10 is a schematic cross-section of an embodi-
ment of a heated light sensor.

[0013] The drawings and the description of the draw-
ings are of embodiments of the invention and not of the
invention itself.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0014] Fig. 1 is an illustration of the overall situation of
shadow cast by a wind turbine. Before proceeding further
with the detailed description of Fig. 1, however, a few
items of the embodiments will be discussed.
[0015] The embodiments pertain to wind turbines hav-
ing a rotor that, when rotating and when the sun is at a
certain position, may cast an intermittent shadow onto
an object in the vicinity of turbine. The wind turbines are
equipped with a shadow control system arranged to
cause the turbines to be stopped, based on a shadow-
related shut-down condition, so that such intermittent
shadow is not cast onto the object. The shut-down con-
dition may be composed as a logical combination of a
plurality of sub-conditions. In some of the embodiments,
a first sub-condition is whether the current position of the

sun is such that shadow can theoretically be cast onto
the "shadow-sensitive" object. In some embodiments,
this is determined as a result of an on-the-fly calculation
of the sun’s current position and of where the turbine’s
rotor will cast shadow and whether this shadow will be
cast on the shadow-sensitive object. In other embodi-
ments, the sun’s position, or the position of the rotor shad-
ow produced, is predetermined (e.g. pre-calculated) and
stored in a table as a function of the date and time, and
is read out from the table rather than being calculated on
the fly. In still further embodiments, the result of the com-
parison, i.e. whether intermittent shadow is cast on the
shadow-sensitive object, or not, is predetermined (e.g.
pre-calculated) and stored in a table as a function of the
date and time. In the latter embodiments, for example,
the shadow controller periodically reads out the "yes/no"
(or "true/false") value stored in the table that relates to
the current date and time.
[0016] A further sub-condition pertains to the quality
and quantity of the shadow, i.e. whether the current sun
radiation is such that shadow will actually occur. For ex-
ample, when the weather is cloudy or misty, the sun ra-
diation will be diffuse (i.e. the light will come from different
directions), so that the rotor will produce no pronounced
shadow. Such "half shadow" is not, or not very clearly
visible, so that shut-down of the wind turbine in such cir-
cumstances is generally not required. The shadow qual-
ity and quantity can be quantified by a comparison of the
direct- and indirect-light intensities: if they are very dif-
ferent, there will be pronounced shadow, but if they are
similar, there will be no shadow, or only half shadow. In
the embodiments, a second shut-down condition is there-
fore based on a measurement of the direct-light and in-
direct-light intensities, and whether the result of a com-
parison of them is beyond a direct-to-indirect light thresh-
old. If both sub-conditions are fulfilled, the shadow-con-
trol system causes the wind turbine to be shut down. The
two sub-conditions mentioned are not exclusive; for ex-
ample, in some embodiments an additional third sub-con-
dition is the result of the direct-light intensity being above
a direct-light threshold. Furthermore, in some embodi-
ments, there are delay-related sub-conditions, i.e. the
shut-down is not initiated instantly if the other conditions
are fulfilled, but only after a certain delay.
[0017] There are different embodiments of how the
comparison of the direct- and indirect-light intensities is
made: in some embodiments, "comparing" consists of
(or comprises) determining the difference between the
direct-light intensity and the indirect-light intensity, which
normally results in a positive value. Alternatively, "com-
paring" consists of (or comprises) determining the re-
versed difference (i.e. the difference between the indi-
rect- and the direct-light intensities), which normally re-
sults in a negative value. In other embodiments, "com-
paring" consists of (or comprises) determining the ratio
between the direct-light intensity and the indirect-light in-
tensity, normally resulting in a positive value greater than
or equal to 1 or, inversely, the ratio between the indirect-
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and the direct-light intensity, normally resulting in a pos-
itive value smaller than or equal to 1.
[0018] The magnitude and the nature of the direct-to-
indirect light threshold (i.e. the meaning of "beyond the
threshold") is adapted to the manner in which the direct-
and indirect-light intensities are compared: in the first
case mentioned (difference between direct- and indirect-
light intensity), the turbine will be shut down if the result
is greater than the threshold (provided, of course, that
the other sub-condition(s) is/are fulfilled). In the second
case mentioned (difference between indirect- and direct-
light intensity) the turbine is shut-down if the (negative)
result value falls below the threshold. In the third case
mentioned (ratio between direct- and indirect-light inten-
sity), the turbine is shut-down if the ratio is above a certain
(positive) threshold. Finally, in the fourth case (ratio be-
tween indirect- and direct-light intensity) the turbine is
shut-down if the result falls below a (positive) threshold.
On a clear day the direct-light intensity may go up to
about 100,000 Lux (depending, of course, on certain pa-
rameters, such as the latitude of the turbine’s position,
the season, etc), and on a cloudy day it would typically
only go up to about 20,000 Lux. A typical shadow light
intensity may be 10,000 Lux. Exemplary values of the
direct-to indirect-light threshold may be, for the first case:
5,000 Lux, for the second case: -5,000 Lux, for the third
case: 1.33, and for the fourth case: 0.75 (of course, these
threshold values are only illustrative, actually the choice
of a specific threshold value will also depend on the lat-
itude of the turbine’s position, on administrative and legal
rules, on agreements between wind turbine owners and
residents who may be subjected to intermittent shadow,
etc.).
[0019] In some of the embodiments, the light sensors,
although measuring different entities (the direct- or the
indirect-light intensity), actually have the same sensor
configuration and type, and each of them can measure
the direct-light intensity when facing the sun (and there-
fore being irradiated by the sun) or the indirect-light in-
tensity when not facing the sun (and therefore not being
irradiated by the sun). Since the sun moves, the two sen-
sors may interchange their roles: at a certain time of the
day, for example, a first sensor will be facing the sun and
take the role of the direct-light sensor, while a second
sensor then not facing the sun will take the role of the
indirect-light sensor; at a later time of the day, when the
sun has moved, the second sensor may be facing the
sun and then taking the role of the direct-light sensor,
while the first sensor - which is not facing the sun anymore
- will then take the role of the indirect-light sensor.
[0020] Normally, shadow-sensitive objects are not po-
sitioned within a certain minimum distance from a wind
turbine. Consequently, the rotor’s intermittent shadow
will typically only hit shadow-sensitive objects when the
sun’s elevation angle is small. It has been recognised
that disturbing shadow will typically only hit shadow-sen-
sitive objects in the mornings or the evenings (because
only at these times is the sun’s elevation angle small).

Based on that, it has further been recognised that it is
not necessary to have complete sensor coverage extend-
ing over 360° (nor 180°), but a sensor coverage is suffi-
cient consisting of two sectors, an east sector and a west
sector. In the morning, the east sensor will be facing the
sun and take the role of the direct-light sensor, while the
second sensor then not facing the sun will take the role
of the indirect-light sensor; in the evening, these roles
are reversed. At other times of the day, such a "lean"
sensor arrangement would not be able to determine the
quantity and quality of shadow but, since no shadow-
sensitive objects will be affected, no such determination
is actually required at these times. Accordingly, in the
embodiments, a set of light sensors is provided to meas-
ure the direct- and indirect-light intensities for the com-
parison of intensities that has only two sensors, an east-
ward-oriented sensor and a westward-oriented sensor.
Only in special circumstances may this lean sensor ar-
rangement not be sufficient to always determine the
shadow quality and quantity, when needed, e.g. in the
case of a wind turbine at a latitude far in the north, during
the winter, the sun’s biggest elevation angle may be so
small that disturbing shadow may also be produced when
the sun is in the south. For such specific cases, a third
sensor (e.g. a southward sensor may be provided, when
the wind turbine is on the northern hemisphere). This is,
however, not the subject of the present application and
is not covered by the scope of the present claims. In some
embodiments, the assignment of the roles to the light
sensors is explicit, for example corresponding to the cur-
rent time of day. In the mornings, the signal provided by
the eastward-oriented sensor will be regarded as repre-
sentative of the direct-light intensity, and the westward-
oriented sensor as representative of the indirect-light in-
tensity; in the evenings, this assignment will be reversed.
In other embodiments, however, there is a sort of implicit
dynamic assignment, simply based on the measurement
results: the greater intensity signal is considered to be
representative of the direct-light intensity, and the smaller
signal is considered to be representative of the indirect-
light intensity, irrespective of the time of day, or other
parameters. As will be explained below, this can be han-
dled in a mathematically simple way by calculating the
absolute value of the difference of the two signals.
[0021] The light sensors have an aperture angle (i.e.
they are sensitive to light sources originating from a cer-
tain angular range). In some embodiments, the light sen-
sors are oriented such that the eastern and western di-
rections are within the aperture angle of the eastward-
and westward-oriented light sensors, respectively.
[0022] In some embodiments, the axes of the light sen-
sors are aligned directly to east and west. In alternative
embodiments, the axes are aligned eastward and west-
ward, however, with a component towards the southward
direction (this applies, for example, to a wind turbines
installed on the northern hemisphere - if the turbine is
installed on the southern hemisphere, in the alternative
embodiments mentioned the axes are aligned eastward
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and westward, however, with a component towards the
northward direction). Although not mandatory, the axes
of the light sensors are preferably oriented symmetrically
with respect to the southern/northern direction.
[0023] Since it has been recognised that it is often suf-
ficient to perform shadow control of this kind only in the
mornings and the evenings, no complete coverage of
180° (east-south-west on the northern hemisphere, or
east-north-west on the southern hemisphere) is actually
required. Rather, in some embodiments, the light sensors
have an aperture angle smaller than 90°, and the light
sensors are oriented such that their combined aperture
angle does not completely cover the angular range be-
tween them that includes the southern direction (on the
northern hemisphere; this range is also called the "in-
cluding-south range"), or the northern direction (on the
southern hemisphere; this range is also called the "in-
cluding-north range").
[0024] In a simple form of a shadow control system for
wind turbines (which would not be according to this in-
vention) a light sensor could be mounted on each shad-
ow-sensitive object, and if one of the sensors detected
intermittent shadow it could cause the wind turbine to be
stopped. However, this would require sensors to be
mounted on all the shadow-sensitive objects, and con-
nected over considerable distances to a central windtur-
bine controller.
[0025] By contrast, the "centralised" shadow-control
system according to the invention obviates the need to
have one sensor for each object and relatively long signal
lines to transmit all the sensor signals. The "centralised"
sensor set (consisting of the eastward- and the west-
ward-oriented sensor) can be mounted at any location
that is representative of the light conditions at the wind
turbine’s position (i.e. not too far from the wind turbine)
and at which no other object can cast shadow on it (for
example, the sensor set should not be mounted west-
ward or eastward of an object that could cast shadow on
the sensor set in the mornings or evenings). For example,
in some of the embodiments, the sensor set is mounted
on a pole of a few meters height and a few meters south-
ward (on the northern hemisphere) or northward (on the
southern hemisphere) of the wind turbine’s tower.
[0026] In other embodiments, the sensor set is directly
mounted on the wind turbine’s tower, e.g. at a height of
a few meters, where the rotor cannot cast shadow on the
tower. The eastward-oriented and the westward-oriented
sensors are mounted on the east side and the west side
of the tower, respectively.
[0027] Nowadays, a number of wind turbines are often
grouped together to form a wind park, e.g. having a com-
mon point of coupling to the electricity grid; some of the
control functions of the wind turbines are normally also
centralised and taken over by a wind park control facility.
In some embodiments, the shadow control system - al-
though it eventually causes the operation of individual
wind turbines to be stopped or resumed - is partly or
completely centralised for a whole wind park, or for a

subset of turbines of a wind park. For example, only one
centralised light-sensor set may be provided for a whole
wind park. In principle, it is conceivable that all the tur-
bines of the wind park could be shut down in unison, if
one of the turbines cast shadow on a shadow-sensitive
object. However, even if the shadow control is based on
a single light-sensor set installed at the wind park it is
preferred from an economical point of view that the indi-
vidual turbines of a wind park, be individually shut down
and restarted, only if the individual turbine in question
casts shadow on a shadow-sensitive object in its vicinity.
[0028] The processing of the light-sensor signals may
be implemented in an analogue and/or digital manner; a
digital implementation can, for instance, be based on a
digital signal processor. In some embodiments, the shad-
ow control system is an integral part of the wind turbine’s
main control responsible for the turbine’s main control
functions. In other embodiments, the shadow control sys-
tem is a separate module that is only linked to the wind
turbine controller by communicating a few signals, such
as the shadow-related shut-down and resume-operation
signals.
[0029] The steps taken to actually stop the wind turbine
upon receipt of such a shut-down signal are controlled
by the wind turbine’s main control in the usual manner,
e.g. by pitching the blades into the flag position, braking
the rotor to rest, and turning the nacelle with the rotor out
of the wind; during this process, the electrical connection
to the electricity grid is usually also interrupted. Upon
receipt of an operation-resume signal, the wind turbine’s
main control, in principle, performs the same steps in a
reversed order (the re-connection to the electrical grid is,
however, more complex because a synchronisation has
to be performed etc.).
[0030] As mentioned, the shut-down decision is based
on a result of a comparison between the direct- and the
indirect-light intensity being beyond a direct-to-indirect
light threshold. Depending on the particular threshold set-
ting chosen by the operator, the direct-to-indirect light
threshold also implies a direct-light threshold (this is be-
cause if the direct-to-indirect light threshold is set to a
relatively big value, it can only be exceeded if the mag-
nitude of the direct-light intensity is sufficient). However,
if the operator sets the direct-to-indirect light threshold
to a relatively small value, this threshold could also be
exceeded when the absolute-light intensity is small, al-
though shadow then cast might be acceptable. Thus, in
some embodiments, a further sub-condition is added to
the sub-conditions mentioned so far, namely that the re-
sult of a direct-light intensity measurement is above a
direct-light threshold. The direct-light intensity may also
be derived from the two-sensor set; for example, it is the
maximum of the two light-intensity signals provided by
the two sensors (alternatively, it is also possible to pro-
vide an additional third sensor to measure the direct-light
intensity separately; however, such a third sensor would
not be considered to be a part of the set of sensors de-
livering the signals for the comparison of the direct- and
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indirect-light intensities).
[0031] As mentioned at the outset, it is known in the
prior art that shut-down and operation-resume delays
may be introduced to render the shadow control less
"nervous" and avoid too frequent operation changes. Ac-
cordingly, in some of the embodiments such delays are
used (which can be considered as a further sub-condi-
tion, as explained above).
[0032] In other embodiments, however, the thresholds
for shutting-down and resuming the operation of the wind
turbine are not identical; rather, there is a hysteresis in
these thresholds such that the value of the direct- to in-
direct-light intensity that just causes shut-down is not suf-
ficient to cause the operation to be resumed; rather, the
direct- to indirect-light intensity has to be greater or small-
er (depending on the particular way in which the direct-
to-indirect light intensity is mathematically defined) to
cause the operation to be resumed. For example, if the
direct-to indirect-light intensity is defined as the differ-
ence between the measured direct- and indirect-light in-
tensities, and the corresponding direct- to indirect-light
threshold for shut-down is 5,000 Lux, the corresponding
threshold for operation-resumption is smaller to provide
the hysteresis function, for example 2,500 Lux. This
means, for example, on a cloudy day with a lot of diffuse
light, if the threshold is once exceeded by the direct-to
indirect-light intensity and the turbine is accordingly shut-
down, and if the light becomes a bit more diffuse, and
the direct-to-indirect light intensity consequently went
down a bit, say to 4,000 Lux, the operation would not be
resumed. Rather, the increase of diffuseness has to be
more significant, for example, such that the direct- to in-
direct-light intensity falls below the 2,500 Lux threshold.
[0033] The effect of this hysteresis solution is that the
shadow control is also less nervous, but the character-
istics are different from the known delay solution: while
the delays are always the same, irrespective of how sig-
nificantly the light conditions have changed, the hyster-
esis solution takes this into account. If, for instance, a
change in the light intensity conditions is insignificant,
the current operation of the wind turbine is not changed
at all, which would correspond to a very long (even infi-
nite) delay. If, however, a change in the light intensity
conditions is significant (for example, because a cloud
obscures the sun, or the like) the effective delay time is
very short (it may be virtually zero). Consequently, al-
though both solutions are similar, the hysteresis solution
is considered advantageous over the delay solution since
it takes the significance of an intensity change into ac-
count.
[0034] Therefore, the hysteresis solution is an inven-
tion in its own right, irrespective of whether the decisions
are based on relative or absolute intensity measure-
ments, or how the light sensor(s) is (are) configured and
oriented. Accordingly, the hysteresis solution is also
claimed as an independent claim that does not include
certain definitions of claim 1, and in particular the defini-
tions pertaining to the nature of the intensity measure-

ments made and the number and orientation of the light
sensors.
[0035] In some of the embodiments, the hysteresis so-
lution and the delay solution are combined, i.e. the thresh-
olds for shut-down and operation-resume are different,
and a shut-down and/or operation-resume delay is ap-
plied on top of that. This means that a change of the light-
intensity conditions must not only be a significant one,
but also has to persist for a while (for example, if the
turbine has been shut-down, a small cloud quickly pass-
ing the sun would not cause the operation to be resumed).
[0036] Another aspect pertains to temperature de-
pendency of the light-intensity measurements. Some
known photosensitive components, such as photodiodes
and phototransistors exhibit no significant temperature
dependency. Other photosensitive components, such as
light-dependent resistors (LDRs), however, exhibit a sig-
nificant temperature dependency. For example, elec-
trons in an LDR are not only released by light, but also
by heat. Therefore, the resistance of an LDR usually de-
creases with increasing temperature (in other words, an
LDR usually has a negative temperature coefficient). In
some embodiments in which the temperature sensors
are, for example, based on LDRs, this temperature de-
pendency is temperature-compensated. To this end, the
shadow-control system comprises at least one temper-
ature-measurement device, which measures the temper-
ature prevailing at the light sensor(s). In other embodi-
ments the temperature-measurement device is not a part
of the shadow control system, but is rather external to
the shadow control system; the shadow control system
is then arranged to receive a temperature-measurement
signal from the external temperature-measurement de-
vice. Such an external signal may approximately repre-
sent the temperature at the light sensor(s). The light sen-
sor signal(s) is (are) then temperature-compensated,
based on the measured temperature. In some embodi-
ments, this temperature compensation is implemented
by an analogue circuit at the sensor-component level, so
that the signal delivered by the sensor with its tempera-
ture-compensation circuit is essentially temperature-in-
dependent. In other embodiments temperature-compen-
sation is implemented in a digital manner, e.g. in the form
of look-up tables in which temperature-compensation
values are stored. A measured temperature and the
measured light intensity are the index variables to read
out respective temperature-compensated light intensity
values, or correction factors to be multiplied by the meas-
ured intensity signal, from the look-up table.
[0037] Again, the temperature-compensation aspect is
advantageous on its own as it increases the reliability of
the shut-down and operation-resume decisions. There-
fore, this aspect is also claimed in an independent claim
which does not include certain particularities of claim 1;
for example, it does not include definitions pertaining to
the number and orientation of light sensors, or as to
whether and how a comparison between different light-
intensity measurements are made.
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[0038] Another aspect pertains to de-icing the light
sensors. For example, in winter, ice and snow could cover
the active area of the sensor, or a window through which
the light can enter the sensor. This could distort the light-
intensity measurement. To avoid such distortion, in some
embodiments the light sensors are equipped with a heat-
ing device arranged to keep the sensor free of ice and
snow, when heated. For example, the heating device is
dimensioned such that it keeps the sensor surface or
window at a minimum of +5°C when heated.
[0039] Again, this measure improves the reliability of
the light-intensity measurement and, consequently, the
shut-down and operation-resume decisions. Therefore,
this aspect is also claimed in a further independent claim
that does not contain certain particularities of claim 1,
analogous to what was said above in connection with the
temperature-compensation of the light sensors.
[0040] Returning now to Fig. 1, which is an illustration
of the overall situation of shadow 5 cast by a rotor 2 of a
wind turbine 1 on the northern hemisphere during a day
(the following detailed description applies analogously to
a wind turbine installed on the southern hemisphere if
the roles of "south" and "north" are interchanged). The
sun 3 moves along a path 4 over the horizon during the
day. The projection of the rotor 2, seen from the sun 1 at
its current position, onto the ground defines the position
of shadow 5 cast by the rotor 2. As the sun 3 moves over
the horizon, the shadow 5 cast by the rotor 2 will also
move; the path of the moving shadow 5 over the ground
due to the sun’s movement is what is called the shadow
path 6. As the sun’s position is low in the mornings and
evenings (when the sunlight comes from the eastern and
western direction, respectively) and is high at noon (when
it comes from the southern direction), the path 6 of the
shadow 5 on the ground forms a section of an ellipse.
The distance D from the turbine 1 to the shadow path 6
is much greater in the east and west directions than the
corresponding distance d in the north direction. Three
shadow sensitive objects 7 are shown at a distance of
approximately D from the turbine 1. The object 7W (east-
ward the turbine 1) and 7E (westward the turbine 1) are
on the shadow path 6 and are therefore subjected to in-
termittent shadow in the evenings (when the sun is at
3W) or the mornings (when it is at 3E), respectively, while
the object 7S (northward the turbine 1) is not hit by any
shadow because at noon the rotor’s shadow is much clos-
er to the wind turbine 1.
[0041] A light sensor set 8 is mounted on a pole 10,
positioned, e.g., south of the wind turbine 1. In other em-
bodiments, the light sensor set 8 is directly mounted on
the tower 10a of the wind turbine 1 a few meters above
ground, where the blades of the rotor 2 cannot cover the
light sensors 9E, 9W.
[0042] Although only one wind turbine 1 is shown in
Fig. 1, often a plurality of wind turbines 1 are grouped
together to form a wind park. For each turbine of the wind
park a figure analogous to Fig. 1 (with the turbine corre-
spondingly shifted) would have to be drawn. However,

certain elements, for example the light sensor set 8, can
be used in common for an entire wind park, or a sub-
group of wind turbines in a wind park.
[0043] Fig. 2 shows the light sensor set 8 mounted on
the pole 10 in more detail. The set 8 consists of two light
sensors 9, an eastward-oriented light sensor 9E and a
westward-oriented light sensor 9W. The light sensors 9
have a photosensitive component 11 (e.g. an LDR, a
photodiode or a phototransistor) in a sensor housing 12
that has a transparent window 13 opposite to the photo-
sensitive surface of the photosensitive component 11. In
other embodiments the mast 10 is actually the lower part
of the wind turbine’s tower 10a. In some embodiments,
the sensors 9E, 9W are slightly tilted in an upward direc-
tion. The spectral sensitivity of the sensors 9E, 9W is
similar to that of the human eye.
[0044] Fig. 3 is a top view of the light sensor set 8.
Each of the light sensors 9 has an aperture angle 14
which, for example, is defined by the size of the window
13 (because the peripheral edge of the window 13 forms
an aperture for the light rays hitting the sensor housing
12) the size of the photosensitive surface of the compo-
nent 11, as well as the distance between the window 13
and the photosensitive surface. For example, the aper-
ture angle 14 may be 30°. The sensor axes 15 are in the
middle of the aperture angles 14. In the embodiment of
Fig. 3, the sensors 9E, 9W are oriented in the east and
west direction, denoted by E and W, respectively. In the
alternative embodiment of Fig. 4, the sensors 9E, 9W are
turned southward so that the sensor axes 15 have a
southward component.
[0045] In both the embodiments of Figs. 3 and 4 the
east and west directions are within the aperture angles
14; in Fig. 3, the east and west directions lie at the centre
of the aperture angles, whereas in Fig. 4 they are at the
aperture angles’ periphery.
[0046] A virtual "including-south range" 16 can be de-
fined: it starts at the outer boundary of the aperture angle
14 of the eastward-oriented sensor 9E and extends
through south to the outer boundary of the aperture angle
14 of the westward-oriented light sensor 9W. It can be
seen that, both in Figs. 3 and 4, the combined aperture
angles 14 do not cover the full "including-south range"
16. Rather, a range 17 that is not covered remains, which
is about 60° in the example of Fig. 3, and about 30° in
the example of Fig. 4 (assuming an exemplary aperture
angle 14 of 30°). In other words, the sensor arrangements
of Figs. 3 and 4 would not be able to measure direct-light
intensities at noon.
[0047] Fig. 5 is a functional diagram of a shadow-con-
trol system 18 illustrating signal processing up to the gen-
eration of a shadow-caused shut-down signal 32off. It is
composed of the light sensor set 8 for producing signals
representing measured light intensities (IE, IW) and a
shadow controller 19 for processing these signals. The
shadow controller 19, for example, is a digital signal proc-
essor. However, the modularisation shown in Fig. 5 is
only exemplary, since it actually has no particular func-
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tional significance. For example, instead of being a sep-
arate controller it can be an integrated part of a wind
turbine controller that controls the wind turbine’s main
functions, such as blade pitching, wind tracing of the wind
turbine’s nacelle, breaking, etc. On the other hand, in
some embodiments, some of the functions shown in Fig.
5 as shadow controller functions are performed directly
at the light sensor set 8; such functions could, for exam-
ple, be digitisation of the sensor signals and/or determin-
ing certain entities directly based on the measured sen-
sor signals, such as the difference between the intensi-
ties measured by the eastward- and westward-oriented
sensors 9E, 9W, and/or the maximum of these two in-
tensities, etc.
[0048] The shadow controller 19 has several branch-
es. The first branch is responsible for determining wheth-
er shadow 5 (Fig. 1) can theoretically be cast on a shad-
ow-sensitive object 7 (Fig. 1) at the present time of the
day. To this end, the shadow controller 19 has a clock
21 (or is arranged to receive a corresponding external
clock signal) that outputs the current time of the day. The
clock also has a calendar function, i.e. it also outputs the
current date of the year (day and month). A table 22 with
predetermined content is stored in the shadow controller
19 which indicates, for each short time interval during a
year (e.g. time intervals of one minute) whether the wind
turbine’s rotor 2 (Fig. 1) can theoretically cast shadow 5
on any of the shadow-sensitive objects 7 (Fig. 1) in the
vicinity of the turbine 1. The heights and extensions of
the objects 7 are also taken into account. The way in
which the possibility of occurrence of such shadow is
calculated, for example, as described in DE 199 28 048
A1. In other embodiments, the table 22 is not predeter-
mined; rather, the question whether shadow 5 can be
cast on a shadow-sensitive object 7 is calculated on the
fly, on the basis of the current date and time and stored
information about the shadow-sensitive objects’ loca-
tions, and, if necessary, their heights and extensions (de-
tails of such an alternative on-the-fly implementation can
also be taken from DE 199 28 048 A1). The output of the
clock 21 addresses the table 22, which in turn outputs a
logical value (illustrated as yes/no in Fig. 5) that is a first
sub-condition 3, SC1. The sub-condition SC1 is input into
a logical combiner that determines a shut-down condition
24off.
[0049] The second branch of the shadow controller 19
pertains to the processing of the relative light intensity
received as an input, the signals IE and IW representing
the measured eastward light intensity and westward light
intensity from the eastward- and westward-oriented light
sensors 9E, 9W. At this stage, it is left open which one
of the two light sensors 9E, 9W currently measures the
direct-light intensity and which one the indirect-light in-
tensity. This ambiguity is dealt with at the subsequent
two stages: at 25, the difference ΔI between the two sen-
sor signals IE and IW is calculated. The result may be
negative or positive, depending on which of the two sen-
sors is currently playing the role of the direct-light sensor.

At 26, the absolute value of ΔI is calculated; the result
|ΔI| is now independent of the role allocation of the sen-
sors. At 27off, a test is made whether |ΔI| is greater than
a shut-down threshold for the direct-to-indirect light in-
tensity, Tloff (in other embodiments, a test is made wheth-
er the absolute value of ΔI is greater than or equal to
T1off). The resulting logical signal is the second sub-
condition, SC2off, which is also input into the shut-down
condition 24off.
[0050] The same input signals as supplied to the sec-
ond branch are also input to the third branch which per-
tains to processing of the absolute light intensity (without
comparison of the direct-light intensity with the indirect-
light intensity). As with the second branch, it is left open
at the outset which of the two sensor signals IE, IW is
the direct-light intensity signal. To this end, at 29, the
maximum of IE and IW is determined. At 30off, a test is
made whether the maximum is greater (in other embod-
iments: greater than or equal to) than a second shut-
down threshold T2off. The result is a third sub-condition,
SC3off, which is input into the shut-down condition 24off.
[0051] The shut-down condition 24off forms a logical
AND of the three sub-conditions SC1, SC2off and
SC3off. The result is a logical shut-down signal 32off.
This means that the resulting shut-down signal 32off is
TRUE, only if all the three sub-conditions SC1, SC2, SC3
are TRUE. The signal 32off is forwarded to the turbine
controller to cause it to shut-down the wind turbine 1.
[0052] Fig. 6 is a partial functional diagram illustrating
the generation of a shadow-related operation-resume
signal. It does not repeat all the elements of Fig. 5, but
only shows what is different from Fig. 5.
[0053] In the second branch, a test is made at 27on
whether the signal coming from 26 (Fig. 5) is smaller than
(in some embodiments: smaller than or equal to) a first
operation-resume threshold T1on. In the third branch, a
test is made at 30on whether the signal coming from 29
(Fig. 5) is smaller than (in some embodiments: smaller
than or equal to) a second operation-resume threshold
T2on. The resulting sub-conditions SC2on, SC3on (and
SC1, as in Fig. 5) are input into an operation-resume
condition 24on. At 24on, the negation of each of SC1,
SC2on, SC3on is determined, and NOT (SC1), NOT
(SC2on), NOT (SC3on) are ORed. This means that the
resulting operation resume signal 32on is TRUE, if any
one of the sub-conditions SC1, SC2on, SC3on is not
TRUE. The operation-resume signal 32on is transmitted
to the turbine controller which, in turn, causes the wind
turbine to resume operation (of course, operation will only
be resumed if there are no other conditions that command
the turbine not to operate, such as improper wind condi-
tions, an electrical-grid failure, etc.; in such a case, the
wind turbine will not start to operate only on the basis of
the operation-resume signal 32on).
[0054] Fig. 7 is a diagram illustrating hysteresis func-
tionality in the relative-intensity processing of the second
branch. In other embodiments, a similar hysteresis is
used in the framework of the absolute-intensity process-
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ing in the third branch of Figs. 5 and 6, in addition to the
hysteresis in the second branch; other embodiments with
hysteresis only rely on the absolute intensity processing
(i.e. they do not have the second branch). Fig. 7 shows
an exemplary development of the absolute value |ΔI| of
the measured light-intensity difference (calculated at 26
in Fig. 5) versus time. The two thresholds Tloff (Fig. 5)
and Tlon (Fig. 6) are also indicated. It is assumed that
the wind turbine is in operation at t0, and that the sub-
conditions of the other branches, SC1 and SC3, are
TRUE, i.e. that switching on and off the turbine is here
only governed by the sub-condition SC2off/SC2on of the
second branch.
[0055] The operation-resume threshold Tlon is below
the shut-down threshold Tloff; this causes a hysteresis
33 between the shut-down and operation-resume inten-
sities. For example, in Fig. 7, |ΔI| starts to increase from
small values below both thresholds and exceeds the op-
eration-resume threshold T1on. This has no effect on the
current operational state. Only when |ΔI| exceeds the
shut-down threshold Tloff (at t1), the shadow-control sys-
tem 18 causes the wind turbine to be shut-down. Then,
after t1, |ΔI| decreases again, and falls below the shut-
down threshold Tloff again. However, due to the hyster-
esis 33 this does not cause the shadow-control system
18 to produce the operation-resume signal 32on. Thus,
the wind turbine 1 remains inoperative. Only when |ΔI|
also falls under the operation-resume threshold Tlon (at
t2) is the wind turbine started again. In the example of
Fig. 7, |ΔI| over- and undershoots the thresholds several
times - which would result in a nervous function if it always
triggered a corresponding shut-down or operation-re-
sumption action. However, as a consequence of the hys-
teresis 33, the "nervousness" is calmed and the wind
turbine is switched off and on only once.
[0056] Fig. 8 illustrates the temperature-dependency
of the light-intensity signal produced by an exemplary
photosensitive component, here an LDR. In Fig. 8, it is
assumed that the light-intensity signal is inversely related
to the resistance of the LDR. In an LDR, electrons are
not only released by light, but can also be released by
heat. Thus, the resistance of the LDR decreases with
increasing temperature. As a consequence, the light in-
tensity signal is not constant, but increases with the tem-
perature. Moreover, this effect may be more pronounced
at low light intensities than at high light intensities, so that
a family of curves describes the temperature-dependen-
cy of the light-intensity signal, as shown in Fig. 8. How-
ever, what is actually desired is a temperature-compen-
sated sensor signal that does not show such temperature
dependency, but is constantly shown in Fig. 8 by a
dashed line.
[0057] In some embodiments, corresponding temper-
ature compensation is applied to the light-intensity signal
IE, IW from the light sensor(s) 9, an example of which is
shown in Fig. 9. To this end, a temperature sensor 34 is
provided. For example, the temperature sensor 34 can
be in thermal contact with the corresponding light sensor

9. In other embodiments, it is assumed that the light sen-
sor 34 approximately has the ambient air temperature;
consequently, the temperature signal can also be pro-
vided by an air-temperature sensor that needs not be in
thermal contact with the light sensor 9. A temperature
compensator 35 - which may be an integral part of the
shadow controller 19, or may be attached to the light
sensor 9, or may be a separate module - receives the
temperature signal from 34 and the light intensity signal
from the light sensor 9 as inputs. In an exemplary digital
implementation shown in Fig. 9, the temperature com-
pensator 35 stores a two-dimensional predetermined ta-
ble 36 that maps these input values to a compensation
factor which, when multiplied by the uncompensated
light-intensity signal at 37 provides a temperature-cor-
rected light-intensity signal, as illustrated by the dashed
line in Fig. 8. This signal can then be used, for example,
as an input signal to the boxes 25 and 29 in Fig. 5.
[0058] Fig. 10 is a schematic cross section of an em-
bodiment of a sensor 9 equipped with a heating to keep
the aperture window 13 free of ice and snow. A glass
pane 37 covers the aperture window 13 in a light-trans-
parent way. The glass pane 37 is in thermal contact with
an electric-resistance heater 38. For example, the heater
38 is arranged at the circumference of the glass pane
37. In other embodiments, electric strip lines are attached
to the inner side of the glass pane 37; the width and pitch
of the strip lines are sufficiently small so that the trans-
parency of the pane 37 is not significantly reduced. A
power supply is provided that is able to supply current
with a suitable voltage to the heater 38 so that the tem-
perature of the glass pane 37 can be maintained above,
e.g. 5°C. This ensures that ice and snow on the glass
pane, which would obstruct the entrance of light to be
measured and thereby impair the proper function of the
sensor 9 is continuously melted off, so that the aperture
window 13 is kept free. In some embodiments, the control
of the heater 38 takes the ambient temperature into ac-
count. For example, the heater 37 is not supplied if the
ambient temperature is above 5°C.
[0059] Thus, the embodiments described provide a re-
liable shadow-control system.

Claims

1. A shadow-control (18) system of a wind turbine (1),
the wind turbine (1) having a rotor (2) that, when
rotating and when the sun (3) is at a certain position
(3E, 3W), may cast an intermittent shadow (5E, 5W)
onto an object (7E, 7W) in the vicinity of the turbine
(1),
the shadow-control system (18) being arranged to
cause the wind turbine (1) to be stopped, based on
a shadow-related shut-down condition (24off), so
that intermittent shadow (5E, 5W) is not cast onto
the object (7E, 7W),
wherein the shut-down condition (24off) comprises
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a determination whether shadow (5E, 5W) can the-
oretically be cast onto the object (7E, 7W) at the
present time of the day,
wherein the shut-down condition (24off) comprises
a result (26) of a comparison between a direct-light
intensity (IE, IW) and an indirect-light intensity (IW,
IE) being beyond a direct-to-indirect light threshold
(31 off), and
wherein the shadow-control system (18) comprises
a set (8) of light sensors (9E, 9W) to provide meas-
ured direct- and indirect-light intensities (IE, IW) for
the comparison, the light sensors (9E, 9W) being
able to measure the direct-light intensity (IE or IW)
when irradiated by the sun (3) and the indirect-light
intensity (IW or IE) when not irradiated by the sun (3),
characterized in that
the set (8) of light sensors (9E, 9W) to provide meas-
ured direct- and indirect-light intensities (IE, IW) for
the comparison has only two light sensors, an east-
ward-oriented light sensor (9E) and a westward-ori-
ented light sensor (9W).

2. The shadow-control system (18) of claim 1, wherein
the light sensors (9E, 9W) have an aperture (14) an-
gle, and wherein the light sensors (9E, 9W) are ori-
ented such that the eastern and western directions
(E, W) are within the aperture (14) angle of the east-
ward- and westward-oriented light sensors (9E, 9W),
respectively.

3. The shadow-control system (18) of claim 2, wherein
the light sensors (9E, 9W) have an axis (15) and an
aperture (14) angle, and the axis (15) is aligned east-
ward and westward, with a component in the south-
ward or northward direction, and wherein the light
sensors (9E, 9W) are oriented such that the east and
west directions (E, W) are within the aperture (14)
angle of the eastward- and westward-oriented light
sensors (9E, 9W), respectively.

4. The shadow-control system (18) of any one of claims
1 to 3, wherein the light sensors (9E, 9W) have an
axis (15), and wherein the axes (15) of the light sen-
sors (9E, 9W) are oriented symmetrically with re-
spect to the southern direction (S).

5. The shadow-control system (18) of any one of claims
1 to 4, wherein the light sensors (9E, 9W) have an
aperture (14) angle smaller than 90° and define an
angular range (16) between them including the
southern direction (S), called an "including-south
range", or including the northern direction, called an
"including-north range", and wherein the light sen-
sors (9E, 9W) are oriented such that their combined
apertures (14) do not completely cover the including-
south range (16), or the including north range, re-
spectively.

6. The shadow-control system (18) of any one of claims
1, 2 or 4, wherein the light sensors (9E, 9W) have
an axis (15), and the axis (15) is aligned to east (E)
and west (W).

7. The shadow-control system (18) of any one of claims
1 to 6, wherein the eastward- and westward-oriented
light sensors (9E, 9W) are mounted on a pole (10).

8. The shadow-control system (18) of any one of claims
1 to 7, wherein the shut-down condition (24off) fur-
ther comprises that a result of a direct-light intensity
measurement is above a direct-light threshold
(30off).

9. The shadow-control system (18) of any one of claims
1 to 8, the shadow-control system (18) also being
arranged to cause the operation of the wind turbine
(1) to be resumed, based on a shadow-related op-
eration-resume condition (24on),
wherein the operation-resume condition (24on) com-
prises the result of the comparison between the di-
rect-light intensity and the indirect-light intensity (IE,
IW) returning to a second direct-to-indirect light
threshold (T1on),
wherein there is a hysteresis (33) in the thresholds
(T1off, T1on) such that the direct-to-indirect light in-
tensity (26) causing shut-down is not sufficient to
cause the operation to be resumed.

10. The shadow-control system (18) of any one of claims
1 to 9, wherein
the response of the light sensors is temperature-de-
pendent,
the shadow-control-system (18) comprises at least
one temperature-measurement device (34), or is ar-
ranged to receive a temperature-measurement re-
sult,
the light sensor signals (E, W) are temperature-com-
pensated, based on the measured temperature.

11. The shadow-control system of any one of claims 1
to 10, wherein
the light sensors are equipped with a heating device
to keep the sensors free of ice.

12. A wind turbine (1) or wind park equipped with a shad-
ow-control system (18) of any one of claims 1 to 11.

Patentansprüche

1. Schattenregelungssystem (18) einer Windturbine
(1),
wobei die Windturbine (1) einen Rotor (2) aufweist,
der beim Drehen und bei einer bestimmten Position
(3E, 3W) der Sonne (3) einen intermittierenden
Schatten (5E, 5W) auf ein Objekt (7E, 7W) in der
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Nähe der Turbine (1) werfen kann,
wobei das Schattenregelungssystem (18) angeord-
net ist, um das Anhalten der Windturbine (1) basie-
rend auf einer schattenbezogenen Abschaltbedin-
gung (24off) zu veranlassen, so dass kein intermit-
tierender Schatten (5E, 5W) auf das Objekt (7E, 7W)
geworfen wird,
wobei die Abschaltbedingung (24off) eine Bestim-
mung umfasst, ob zur gegenwärtigen Tageszeit the-
oretisch ein Schatten (5E, 5W) auf das Objekt (7E,
7W) geworfen werden kann,
wobei die Abschaltbedingung (24off) ein Ergebnis
(26) eines Vergleichs zwischen einer Direktlichtin-
tensität (IE, IW) und einer Indirektlichtintensität (IW,
IE) umfasst, die jenseits einer Direkt-Indirekt-Licht-
schwelle (31off) liegt, und wobei
das Schattenregelungssystem (18) einen Satz (8)
von Lichtsensoren (9E, 9W) zur Bereitstellung von
gemessenen Direkt- und Indirektlichtintensitäten
(IE, IW) für den Vergleich bereitstellt, wobei die Licht-
sensoren (9E, 9W) die Direktlichtintensität (IE oder
IW) messen können, wenn sie von der Sonne (3)
bestrahlt werden und die Indirektlichtintensität (IW
oder IE), wenn sie nicht von der Sonne (3) bestrahlt
werden,
dadurch gekennzeichnet, dass
der Satz (8) von Lichtsensoren (9E, 9W) zum Bereit-
stellen von gemessenen Direkt- und Indirektlichtin-
tensitäten (IE, IW) für den Vergleich nur zwei Licht-
sensoren aufweist, einen nach Osten ausgerichte-
ten Lichtsensor (9E) und einen nach Westen ausge-
richteten Lichtsensor (9W).

2. Schattenregelungssystem (18) nach Anspruch 1,
wobei die Lichtsensoren (9E, 9W) einen Öffnungs-
winkel (14) aufweisen und wobei die Lichtsensoren
(9E, 9W) derart ausgerichtet sind, dass die östliche
und westliche Richtung (E, W) innerhalb des Öff-
nungswinkels (14) der nach Osten bzw. Westen aus-
gerichteten Lichtsensoren (9E, 9W) liegen.

3. Schattenregelungssystem (18) nach Anspruch 2,
wobei die Lichtsensoren (9E, 9W) eine Achse (15)
und einen Öffnungswinkel (14) aufweisen und die
Achse (15) nach Osten und nach Westen mit einer
Komponente in Richtung Süden und Norden ausge-
richtet ist, und wobei die Lichtsensoren (9E, 9W) der-
art ausgerichtet sind, dass die Ost- und Westrichtung
(E, W) innerhalb des Öffnungswinkels (14) der nach
Osten bzw. Westen ausgerichteten Lichtsensoren
(9E, 9W) liegen.

4. Schattenregelungssystem (18) nach einem der An-
sprüche 1 bis 3, wobei die Lichtsensoren (9E, 9W)
eine Achse (15) aufweisen, und wobei die Achsen
(15) der Lichtsensoren (9E, 9W) symmetrisch in Be-
zug auf die Südrichtung (S) ausgerichtet sind.

5. Schattenregelungssystem (18) nach einem der An-
sprüche 1 bis 4, wobei die Lichtsensoren (9E, 9W)
einen Öffnungswinkel (14) von kleiner als 90° auf-
weisen und einen Winkelbereich (16) dazwischen
definieren, der die südliche Richtung (S) einschließt,
die als "einschließlich Südbereich" bezeichnet wird,
oder die nördliche Richtung einschließt, die als "ein-
schließlich Nordbereich" bezeichnet wird, und wobei
die Lichtsensoren (9E, 9W) derart ausgerichtet sind,
dass ihre kombinierten Öffnungen (14) den ein-
schließlich Südbereich (16) bzw. den einschließlich
Nordbereich nicht vollständig abdecken.

6. Schattenregelungssystem (18) nach einem der An-
sprüche 1, 2 oder 4, wobei die Lichtsensoren (9E,
9W) eine Achse (15) aufweisen und die Achse (15)
nach Osten (E) und Westen (W) ausgerichtet ist.

7. Schattenregelungssystem (18) nach einem der An-
sprüche 1 bis 6, wobei die nach Osten und nach
Westen ausgerichteten Lichtsensoren (9E, 9W) an
einem Mast (10) angebracht sind.

8. Schattenregelungssystem (18) nach einem der An-
sprüche 1 bis 7, wobei die Abschaltbedingung (24off)
weiter umfasst, dass ein Ergebnis einer Direktlichtin-
tensitätsmessung über einer Direktlichtschwelle
(30off) liegt.

9. Schattenregelungssystem (18) nach einem der An-
sprüche 1 bis 8, wobei das Schattenregelungssys-
tem (18) auch angeordnet ist, um zu veranlassen,
dass der Betrieb der Windturbine (1) basierend auf
einer schattenbezogenen Betriebswiederaufnah-
mebedingung (24on) wieder aufgenommen wird,
wobei die Betriebswiederaufnahmebedingung
(24on) das Ergebnis des Vergleichs zwischen der
Direktlichtintensität und der Indirektlichtintensität
(IE, IW) umfasst, die zu einer zweiten Direkt-Indi-
rektlichtschwelle (T1on) zurückkehren,
wobei in den Schwellenwerten (T1off, T1on) eine
Hysterese (33) vorhanden ist, so dass die Direkt-
Indirektlichtintensität (26), die das Abschalten ver-
anlasst, nicht ausreicht, um zu veranlassen, dass
der Betrieb wieder aufgenommen wird.

10. Schattenregelungssystem (18) nach einem der An-
sprüche 1 bis 9, wobei
die Reaktion der Lichtsensoren temperaturabhängig
ist,
das Schattenregelungssystem (18) mindestens eine
Temperaturmessvorrichtung (34) umfasst oder an-
geordnet ist, um ein Temperaturmessergebnis zu
empfangen,
die Lichtsensorsignale (E, W) basierend auf der ge-
messenen Temperatur temperaturkompensiert
sind.
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11. Schattenregelungssystem nach einem der Ansprü-
che 1 bis 10, wobei
die Lichtsensoren mit einer Heizvorrichtung ausge-
stattet sind, um die Sensoren frei von Eis zu halten.

12. Windturbine (1) oder Windpark, die/der mit einem
Schattenregelungssystem (18) nach einem der An-
sprüche 1 bis 11 ausgestattet ist.

Revendications

1. Système de commande d’ombre (18) d’une éolienne
(1),
l’éolienne (1) ayant un rotor (2) qui, lorsqu’il tourne
et lorsque le soleil (3) se trouve à une certaine po-
sition (3E, 3W), peut projeter une ombre intermitten-
te (5E, 5W) sur un objet (7E, 7W) à proximité de
l’éolienne (1),
le système de commande d’ombre (18) étant agencé
pour amener l’éolienne (1) à s’arrêter, sur la base
d’une condition d’arrêt liée à l’ombre (24off), de telle
sorte que l’ombre (5E, 5W) ne soit pas projetée sur
l’objet (7E, 7W),
dans lequel la condition d’arrêt (24off) comprend le
fait de déterminer si l’ombre (5E, 5W) peut théori-
quement être projetée sur l’objet (7E, 7W) au mo-
ment présent de la journée,
dans lequel la condition d’arrêt (24off) comprend un
résultat (26) d’une comparaison entre une intensité
de lumière directe (IE, IW) et une intensité de lumière
indirecte (IW, IE) étant au-delà d’un seuil de lumière
directe sur indirecte (31off), et
dans lequel le système de commande d’ombre (18)
comprend un jeu (8) de capteurs de lumière (9E,
9W) pour fournir des intensités de lumière directe et
indirecte (IE, IW) pour la comparaison, les capteurs
de lumière (9E, 9W) étant capables de mesurer l’in-
tensité de lumière directe (IE ou IW) quand ils sont
irradiés par le soleil (3) et l’intensité de lumière indi-
recte (IW ou IE) quand ils ne sont pas irradiés par le
soleil (3),
caractérisé en ce que
le jeu (8) de capteurs de lumière (9E, 9W) pour four-
nir des intensités de lumière directe et indirecte (IE,
IW) pour la comparaison a seulement deux capteurs
de lumière, un capteur de lumière orienté vers l’Est
(9E) et un capteur de lumière orienté vers l’Ouest
(9W).

2. Système de commande d’ombre (18) selon la reven-
dication 1, dans lequel les capteurs de lumière (9E,
9W) ont un angle d’ouverture (14), et dans lequel les
capteurs de lumière (9E, 9W) sont orientés de telle
sorte que les directions Est et Ouest (E, W) se trou-
vent dans l’angle d’ouverture (14) des capteurs de
lumière orientés vers l’Est et vers l’Ouest (9E, 9W),
respectivement.

3. Système de commande d’ombre (18) selon la reven-
dication 2, dans lequel les capteurs de lumière (9E,
9W) ont un axe (15) et un angle d’ouverture (14), et
l’axe (15) est aligné vers l’Est et vers l’Ouest, avec
une composante dans la direction vers le Sud ou
vers le Nord, et dans lequel les capteurs de lumière
(9E, 9W) sont orientés de telle sorte que les direc-
tions Est et Ouest (E, W) se trouvent dans l’angle
d’ouverture (14) des capteurs de lumière orientés
vers l’Est et vers l’Ouest (9E, 9W), respectivement.

4. Système de commande d’ombre (18) selon l’une
quelconque des revendications 1 à 3, dans lequel
les capteurs de lumière (9E, 9W) ont un axe (15), et
dans lequel les axes (15) des capteurs de lumière
(9E, 9W) sont orientés de manière symétrique par
rapport à la direction Sud (S).

5. Système de commande d’ombre (18) selon l’une
quelconque des revendications 1 à 4, dans lequel
les capteurs de lumière (9E, 9W) ont un angle
d’ouverture (14) inférieur à 90° et définissent une
plage angulaire (16) entre eux incluant la direction
Sud (S), appelée une « plage incluant le Sud », ou
incluant la direction Nord, appelée « plage incluant
le Nord », et dans lequel les capteurs de lumière (9E,
9W) sont orientés de telle sorte que leurs ouvertures
combinées (14) ne couvrent pas complètement la
plage incluant le Sud (16), ou la plage incluant le
Nord, respectivement.

6. Système de commande d’ombre (18) selon l’une
quelconque des revendications 1, 2 ou 4, dans lequel
les capteurs de lumière (9E, 9W) ont un axe (15), et
l’axe (15) est aligné sur l’Est (E) et l’Ouest (W).

7. Système de commande d’ombre (18) selon l’une
quelconque des revendications 1 à 6, dans lequel
les capteurs de lumière orientés vers l’Est et vers
l’Ouest (9E, 9W) sont montés sur un poteau (10).

8. Système de commande d’ombre (18) selon l’une
quelconque des revendications 1 à 7, dans lequel la
condition d’arrêt (24off) comprend en outre qu’un ré-
sultat d’une mesure d’intensité de lumière directe
soit au-dessus d’un seuil de lumière directe (30off).

9. Système de commande d’ombre (18) selon l’une
quelconque des revendications 1 à 8, le système de
commande d’ombre (18) étant également agencé
pour amener le fonctionnement de l’éolienne (1) à
reprendre, sur la base d’une condition de reprise de
fonctionnement liée à l’ombre (24on),
dans lequel la condition de reprise de fonctionne-
ment (24on) comprend le résultat de la comparaison
entre l’intensité de lumière directe et l’intensité de
lumière indirecte (IE, IW) revenant à un second seuil
de lumière directe sur indirecte (T1on),
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dans lequel il y a une hystérésis (33) dans les seuils
(T1off, T1on) de telle sorte que l’intensité de lumière
directe sur indirecte (26) entraînant un arrêt ne suffit
pas pour amener le fonctionnement à reprendre.

10. Système de commande d’ombre (18) selon l’une
quelconque des revendications 1 à 9, dans lequel
la réponse des capteurs de lumière dépend de la
température,
le système de commande d’ombre (18) comprend
au moins un dispositif de mesure de température
(34), ou est agencé pour recevoir un résultat de me-
sure de température,
les signaux de capteur de signal (E, W) sont com-
pensés en température, sur la base de la tempéra-
ture mesurée.

11. Système de commande d’ombre selon l’une quel-
conque des revendications 1 à 10, dans lequel
les capteurs de lumière sont équipés d’un dispositif
de chauffage pour maintenir les capteurs sans glace.

12. Éolienne (1) ou parc éolien équipé d’un système de
commande d’ombre (18) selon l’une quelconque des
revendications 1 à 11.
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