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A SAFETY SYSTEM FOR A WIND TURBINE

Field of the invention

The present invention relates to a safety system for a wind turbine and a wind turbine
comprising a safety system.

Background of the invention

Most modern wind turbines are controlled and regulated continuously most often with the
purpose of ensuring maximum power extraction from the wind under the current wind, and
weather, while at the same time ensuring that the loads on the different components of the
wind turbine are at any time kept within acceptable limits. Desirably, the wind turbine may
also be controlled to account for fast sudden changes in the wind velocity — the so-called
wind gusts, and take into account the dynamic changes in the loads on the individual blades
due to e.g. the passing of the tower, or the actual wind velocity varying with the distance to
the ground (the wind profile or shear).

To this purpose a number of parameters are collected and monitored by the controllers in a
wind turbine, such as for instance the current wind speed and direction, the rotational speed
of the rotor, the pitch angle of each blade, the yaw angle, information on the grid system,
and measured parameters (e.g. stresses or vibrations) from sensors placed e.g. on the
blades, the nacelle, or on the tower.

Based on these and following some control strategy the optimal control parameters of the
turbine in order to perform optimally under the given conditions are determined. The current
performance, and thereby the power production and the load situation of the wind turbine is
primarily controlled by controlling the pitch angles of the blades, but may further include
adjusting for instance any different active aerodynamic devices for changing the aerodynamic
surfaces of the blades such as flaps or vortex generating means, adjusting the power, and/or
adjusting the rotational speed of the rotor.

Wind turbines are traditionally constructed and controlled according to standards and
according to wind maps and incorporating the trade-off of maximizing the annual energy
production by the wind turbine while on the same time ensuring a certain life time of the
turbine i.e. keeping the loads on the different components of the wind turbine within
acceptable limits at all times and over time. Wind turbines are therefore typically designed

according to a certain (high) turbulence but will most often be operating at a lower
1
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turbulence level and may in some conditions be controlled too conservative, while in some
conditions not conservative enough resulting in undesired fatigue or extreme loads on the

wind turbine components, especially the blades, nacelle and tower.

Traditional wind turbines are designed for a specific maximum load, e.g. calculated from a
specific wind speed at which the wind turbine is stopped. The tower, nacelle, blades and
other structures of the wind turbine are designed for this maximum load which means that
the structures are sufficiently strong with regard to this maximum wind speed - calculated
with a safety margin.

This typically requires increased reinforcement of the heavy turbine parts such as the tower,

and the result is increased costs related to manufacturing, handing, maintenance, inspection

etc.

Summary of the invention

It is an object of the present invention to provide a safety system for a wind turbine and to
provide an improved wind turbine comprising a safety system.

Thus, in a first aspect, the invention provides a safety system for a wind turbine comprising a
tower with a nacelle, and a rotor with blades and a connected drive train, the safety system
comprising at least one load sensing system for providing a load signal significant for a load
on the tower or rotor, and an electronic system which based on the load signal brings the
wind turbine to a safe condition.

Since the safety system according to the invention brings the wind turbine to a safe condition
based on actually measured load signals and not based on a maximum wind speed or similar
predetermined limiting weather conditions, the system according to the invention is capable
of ensuring a better match between the actual loads and when to bring the turbine to a safe
condition. The risk of overloading of the turbine is thereby reduced, and the heavy
components of the turbine may therefore be designed with a smaller safety margin.
Accordingly, the invention provides a safer and/or more cost efficient turbine.

It should be understood that by bringing the wind turbine to a safe condition is meant, that
the rotor speed is lowered to a speed which is less than half the nominal speed.
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The safe condition may comprise a condition where the wind turbine is brought to a
standstill. Alternatively, the safe condition may comprise a condition where the wind turbine
is brought to an idle mode. The safe condition may dependent on the load signal provided.

In one embodiment, the electronic system comprises load data describing a critical load
condition and bringing the wind turbine to a safe condition may thus be based on a
comparison between the provided load signal and the load data. As an example, the load
data may comprise critical loads for the tower, such as a load at which the tower may bend
too much or may actually break. Bringing the wind turbine to a safe condition may thus be
initiated when the load signal is e.g. 70% or more of the load data. Other ratios may be used
for the comparison dependent of the load data used.

The load data may also comprises critical loads for the blades, such as a load at which
bending of the blades is so high that they may hit the tower or a load at which they may
break. Consequently, bringing the wind turbine to a safe condition may also be initiated when
the load signal is at a certain percentage of one of these blade loads. The percentage may
e.g. depend on the size of the wind turbine and thus the size of the blades.

In order to control of the situation at which the wind turbine is brought to a safe condition
dependent on the actual load situation for the wind turbine, the electronic system may
receive load signals from the load sensing system while initiating the safe condition. Thereby,
is may be ensured that bringing the wind turbine to a safe condition is carried out as
requested. Furthermore, is may be controlled that a critical load does not arise at another
part of the wind turbine while the wind turbine is at the safe condition.

The load signal may be significant for torsion or bending of the tower or rotor. As an
example, the load signal may be signification for bending of the tower or significant for the
nacelle to break off the tower. Likewise, the load signal may be significant for bending of at
least one of the blades, such as significant for the load at which the at least one blade may
break or the load at which the at least one blade may hit the tower during rotation.

As critical loads may arise from different load situations, the load sensing system may be
capable of detecting load caused by at least one of ice formation on the rotor, mass
unbalance, de-lamination, lightning, and excessive rotor speed. In one embodiment, different
load sensing systems may be provided for different load situations. Each of the load sensing
systems may thus provide a load signal significant for an associated load.

Additional to the load signals, the safety system may further be adapted to bring the wind

turbine to a safe condition based on weather conditions, such as wind speed, wind direction,
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pressure, temperature, rainfall, fog, etc. This may especially be an advantage in relation to
load situations which may be increased during certain weather conditions. As an example, it
may be an advantage to bring the wind turbine to a safe condition at a higher speed based
on a load signal significant for ice formation on the rotor if the air temperature is below a
certain predefined temperature. Similarly, it may be an advantage to faster bring the wind
turbine to a safe condition based on excessive rotor speed if the wind speed is above a
certain predefined wind speed.

As it is of great importance that failures are minimized or even avoided, the safety system
may further comprise a validation sensor providing additional load data. The additional data
may be collected in parallel to the load signal. The electronic system may be capable of
validating the load signal based on a comparison between the load signal and the additional
load data, thereby providing an indication of a failure in case the difference between the load
signal and the additional load data is too high.

The safety system may further be adapted to bring the wind turbine to a safe condition if the
difference between the load signal and the load data is above a pre-defined validation value.
The pre-defined value may depend on the load sensing system in use. A number of pre-
defined validation values may be used in the safety system so that e.g. a pre-defined
validation value exists for each sensing system.

The pre-defined validation value may be variable, e.g. so that it depends on weather
conditions and/or the time of the day.

Furthermore, validation of the load signal may be a model-based validation which is not
limited to measurements of loads. Instead, the model-based validation may be based on
weather data.

Additionally, validation of the load signal may be done based on another load signal. As an
example, a load signal significant for bending of the tower may be validated by use of a load
signal significant for tower top acceleration.

Dependent on the position used for the at least one load sensing system, different sensor
may be used. Thus, the at least one load sensing system may be selected from a group
consisting of: electrical sensors, optical sensors, acoustic sensor, GPS based sensors,
accelerometers, gyro sensors, and Teraherz based sensors. It should however be understood,
that more that one sensing system may be applied and that the selected sensors may be
different or may be of the same type.
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In one embodiment, the load sensing system may be positioned on at least one of the wind
turbine blades, whereby the load sensing system may be responsible for providing load data,
e.g. in the form of bending of the blade and/or rotational speed of the blade. A load sensing
system positioned at the tower may be responsible for providing load data, e.g. in the form
of bending of the tower and/or vibrations of the tower. Thus, a number of different and/or
identical sensing systems may be used, each providing a load signal significant for a certain
load. By increasing the number of sensing systems with identical or different failure modes it
may be possible to increase reliability of the safety system.

In one embodiment, the load sensing system may be a single-channel sensor with a
probability of dangerous failure per hour (PFH) of at most 10, and a safe failure fraction
above 90%.

As an alternative, the load sensing system may be a dual-channel system with a probability
of dangerous failure per hour (PFH) of at most 10, and a safe failure fraction above 60%.

In a second aspect, the invention provides a wind turbine comprising a safety system
according to the first aspect of the invention.

It should be understood, that the above-mentioned features of the first aspect of the
invention may also be applicable in relation to the wind turbine according to the second
aspect of the invention. Thus, the second aspect may comprise any combination of features
and elements of the first aspect of the invention.

Brief description of the drawings

Embodiments of the invention will now be further described with reference to the drawings,

in which:

Fig. 1 illustrates different load sensing systems positioned at different locations of a wind
turbine.

Detailed description of the drawings

It should be understood that the detailed description and specific examples, while indicating

embodiments of the invention, are given by way of illustration only, since various changes
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and modifications within the spirit and scope of the invention will become apparent to those
skilled in the art from this detailed description.

Fig. 1 illustrates a wind turbine 1 comprising a tower 2 with a nacelle 3 at the top of the
tower. The nacelle 3 houses machine components, such as gearbox, generator etc. (not
shown). At one end of the nacelle 3, a hub section 4 supports a three wind turbine blades 5.
The rotor of the wind turbine 1 includes the blades 5 and possibly other rotating parts.

The wind turbine 1 further comprises a safety system (not shown). The safety system
comprises a number of load sensing systems 6 for providing a load signal significant for a
load on the tower 2 or rotor. Furthermore, the safety system comprises an electronic system
(not shown) which based on the load signal brings the wind turbine 1 to a safe condition.

As an example, the load signals are significant for an acceleration of a component of the wind
turbine 1, a load of a component of the wind turbine 1, bending of a component of the wind
turbine, e.g. the tower or a blade, a load caused by ice formation on the rotor, mass
unbalance, de-lamination, lightning, excessive rotor speed, etc.

Furthermore, the load signal may be significant for torque measured at the hub or stress in a
blade root.

The at least one load sensing system may as an example comprise one of the following:
electrical sensors, optical sensors, acoustic sensor, GPS based sensors, accelerometers, gyro
sensors, and Teraherz based sensors. Thus, acceleration measurements may be performed
by means of an accelerometer arranged within the hub section, on the nacelle, or on the
main shaft. Bending measurements may be performed e.g. by an angle measurement device.
The RPM measurements may conveniently be a performed on the main shaft of the turbine or
on a rotatable part within the hub section, to measure the rotational speed of the rotor.
Alternatively, it may be performed by an instrument, which is independent of access to the
main shaft of the wind turbine.
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CLAIMS

1. A safety system for a wind turbine comprising a tower with a nacelle, and a rotor with
blades and a connected drive train, the safety system comprising at least one load sensing
system for providing a load signal significant for a load on the tower or rotor, and an
electronic system which based on the load signal brings the wind turbine to a safe condition.

2. A safety system according to claim1, wherein the safe condition comprises a condition
where the wind turbine is brought to a standstill.

3. A safety system according to claim 1, wherein the safe condition comprises a condition
where the wind turbine is brought to an idle mode.

4. A safety system according to any of the preceding claims, wherein the electronic system
comprises load data describing a critical load condition and wherein bringing the wind turbine
to a safe condition is based on a comparison between the provided load signal and the load
data.

5. A safety system according to any of the preceding claims, wherein the electronic system
receives load signals from the load sensing system while bringing the wind turbine to a safe
condition.

6. A safety system according to any of the preceding claims, wherein the load signal is
significant for torsion or bending of the tower or rotor.

7. A safety system according to any of the preceding claims, wherein the load sensing system
is capable of detecting load caused by at least one of ice formation on the rotor, mass

unbalance, de-lamination, lightning, and excessive rotor speed.

8. A safety system according to any of the preceding claims, wherein bringing the wind
turbine to a safe condition is further based on weather conditions.

9. A safety system according to any of the preceding claims, further comprising a validation
sensor providing additional load data, and wherein the electronic system is capable of
validating the load signal based on a comparison between the load signal and the additional
load data.
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10. A safety system according to any of the preceding claims, wherein the at least one load
sensing system is selected from a group consisting of: electrical sensors, optical sensors,
acoustic sensor, GPS based sensors, accelerometers, gyro sensors, and Teraherz based
Sensors.

11. A safety system according to any of the preceding claims, wherein the load sensing
system is positioned on at least on of the blade.

12. A safety system according to any of the preceding claims, wherein the load sensing
system is a single-channel sensor with a probability of dangerous failure per hour (PFH) of at
most 10°®, and a safe failure fraction above 90%.

13. A safety system according to any of the claims 1-11, wherein the load sensing system is
a dual-channel system with a probability of dangerous failure per hour (PFH) of at most 107,

and a safe failure fraction above 60%.

14. A wind turbine comprising a safety system according to any of claims 1-13.
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