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(57) Abstract: The present disclosure relates to a control system for a wind turbine
comprising more controllers and where at least some of the controllers operate at differ-
ent sample frequencies. The control system comprises at least two controller units, a
first controller (10) for determining an operational value (OV) of a sub-system and a
second controller (20) for the sub-system. The second controller operates at a higher
sample frequency than the first controller. It is disclosed that a faster reaction to a re-
ceived demand value (V1), received for controlling the sub-system, can be obtained by
setting the operational value (OV) of the sub- system as the sum of an internal opera-
tional value (V5) and a difference value (V4).
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FAST REACTING CONTROL SYSTEM FOR WIND TURBINE

FIELD OF THE INVENTION

The present invention relates to control of a wind turbine, and in particular it relates to
control using more controllers where at least some of the controllers operate at different

sample frequencies.

BACKGROUND OF THE INVENTION

Modern wind turbines are controlled and regulated continuously with the purpose of ensuring
optimal 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, and while respecting any externally set operational
constraints. To accomplish this, a number of parameters are collected and monitored by the
controllers in the 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. Moreover, external commands may be received via a
communication network. Based on this and following some control strategy, control
parameters of the turbine are determined in order to perform optimally under the given

conditions.

The controller structure of a wind turbine may be implemented in a number of ways. In one
type of control system, a number of controller units are used, where each controller unit is in
charge of certain operational tasks, ranging from direct control of a given sub-system to set-
point calculations based on a number of inputs. In such system, the nature and the complexity
of the various control tasks are very diverse, and often also the computational capabilities of
the controller units are quite diverse. As a consequence, certain controller unit(s) may act as
bottlenecks and restrict other controllers in their ability to support fast reactions to a changing

condition.

It is against this background that the invention has been devised.
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SUMMARY OF THE INVENTION

It would be advantageous to achieve control of a wind turbine which is capable of supporting
a fast reaction to a changed condition, even in a situation where one or more units or
processes operate at a slower pace than the desired reaction time. It would also be
advantageous to achieve control of a wind turbine which is capable of supporting a faster
reaction rate, or response, than certain calculating units is able to deliver, while at the same

time ensuring that the wind turbine operates within safe limits.

Accordingly, in a first aspect, there is provided a control system for a wind turbine, the
control system comprises at least two controller units:

a first controller arranged for determining an operational value of a sub-system
of the control system, the first controller being arranged to operate at a first sample
frequency; and

a second controller for operating the sub-system, the second controller unit
being arranged to operate at a second sample frequency, the second sample frequency being
higher than the first sample frequency; wherein

the control system being arranged for receiving a demand value for controlling
the sub-system,;

wherein the control system is arranged so that the first controller and the
second controller receives the demand value concurrently;

wherein the second controller determines a difference value between the
demand value as received by the second controller and the demand value received via the
first controller to the second controller;

wherein the first controller based on the demand value determines an internal
operational value; and

wherein the second controller receives the internal operational value and sets

the operational value as the sum of the internal operational value and the diftference value.

Embodiments of the invention provide a control system comprising at least two controllers, a
slower first controller in charge of determining an operational value of a sub-system based on
the demand value (e.g. an external set-point), and a faster second controller for the sub-
system. In an embodiment, the faster controller may be a controller for the electrical system,
e.g. the converter controller, and the slower controller may be the general controller for the

entire wind turbine (also sometimes referred to as the production controller) which controls
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the productions and ensures safe operation. The general controller (first controller) may
operate at a slower sample rate since it may need to perform a much higher number of
calculations per sample in order to ensure that the turbine operates within operational limits
in accordance with the turbine’s operational control strategy, or the nature of the calculations
may be more complex in one controller than in other controllers. In embodiments of the
present invention, the faster sample frequency of the second controller is utilized to calculate
a difference value between the demand value as received by the second controller and the
demand value received via the first controller to the second controller, and then add this
difference value to the internal operational value, being the operational value as determined
by the first controller. The difference value is the difference between the demand value as
sampled with the sample frequency of the first controller, and the demand value sample with
the sample frequency of the second controller. The difference value may in embodiment be
obtained after pre-treatment of the demand value in the respective controllers. The
operational value for the sub-system is subsequently set as the sum of the internal operational
value and the difference value. In this way it is ensured that the level or stationary value of
the operational value is determined by the first controller, while the transition time to reach
the stationary value is determined by the second controller. Since the second controller
operates at a higher sample frequency, the time to reach the stationary value is reduced.
Additionally, embodiments of the invention may provide a fast reaction in that the reaction
time of the initial response is reduced. In connection with grid stabilizing actions, for

example, a fast initial response is beneficial.

In a further aspect, the invention also provides a wind turbine comprising the control system

according to the first aspect of the invention.

In a yet further aspect the invention also provides a method for controlling a wind turbine in
accordance with the first aspect of the invention. The method comprises:

receiving a demand value for controlling a sub-system of the wind turbine, the
demand value being received concurrent by the first controller and by the second controller;

in the first controller:

determine an internal operational value based on the demand value;

in the second controller:
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determine a difference value between the demand value as received by the
second controller and the demand value received via the first controller to the second
controller;

determine an operational value as the sum of the internal operational value and
the difference value; and

provide the operational value to the sub-system.

In yet another aspect there is provided a computer program product comprising software code
adapted to control a wind turbine when executed on a data processing system. The computer
program product may be provided on a computer readable storage medium comprising
instructions to cause a data processing system, e.g. in the form of a controller, to carry out the

instruction when loaded onto the data processing system.

In general the various aspects of the invention may be combined and coupled in any way
possible within the scope of the invention. These and other aspects, features and/or
advantages of the invention will be apparent from and elucidated with reference to the

embodiments described hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the invention will be described, by way of example only, with reference to

the drawings, in which

Fig. 1 illustrates, in a schematic perspective view, an example of a wind turbine;
Fig. 2 schematically illustrates a first controller and a second controller in a general
embodiment;

Fig. 3 illustrates elements of an embodiment of the controller system; and

Fig. 4 illustrates example values at various positions in the embodiment illustrated in Fig. 3.

DESCRIPTION OF EMBODIMENTS

Figure 1 illustrates, in a schematic perspective view, an example of a wind turbine 1. The
wind turbine 1 includes a tower 2, a nacelle 3 disposed at the apex of the tower, and a rotor 4
operatively coupled to a generator (not shown) housed inside the nacelle 3. In addition to the

generator, the nacelle houses miscellaneous components required for converting wind energy
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into electrical energy and various components needed to operate, control, and optimize the
performance of the wind turbine. The rotor 4 of wind turbine includes a central hub 5 and a
plurality of blades 6 that project outwardly from the central hub. In the illustrated

embodiment, the rotor 4 includes three blades 6, but the number may vary.

The wind turbine 1 may be included among a collection of other wind turbines belonging to a
wind power plant, also referred to as a wind farm or wind park, that serves as a power
generating plant connected by transmission lines with a power grid. The power grid generally
consists of a network of power stations, transmission circuits, and substations coupled by a
network of transmission lines that transmit the power to loads in the form of end users and

other customers of electrical utilities.

The illustrated turbine schematically shows elements of a distributed control system,
comprising a general controller 10 in charge of the general operation of the wind turbine
within operational parameter limits in accordance with the turbine’s operational control
strategy. The general controller is also sometimes referred to as the production controller.
The figure further illustrates a number of sub-system controller units. The sub-system
controller 20 may e.g. be an electrical controller for operating an electrical sub-system of the
wind turbine, such as the converter controller or a generator controller. The sub-system
controller 7 may e.g. be a rotor controller for operating the pitch system of the blades. The
sub-system controller 8 may e.g. be network controller for controlling the connection of the
wind turbine to a communication network. The network controller may e.g. be in charge of
connecting an internal turbine communication network 9 with an external communication
network 11, such that the turbine may be in communicative connectivity with a SCADA

system or a power plant controller (PPC) or other external systems.

The distributed control system is shown with specific locations of the various controller units.
This is to be understood as an example only. The specific layout of the controller system may

be provided in any way possible.

Figure 2 schematically illustrates a general embodiment of the control system of the present

invention, comprising a first controller unit 10 and a second controller unit 20.
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In the illustrated embodiment, the first controller receives a demand value V1 based on which
it is programmed to determine an operational value OV for the sub-system. The general
controller may in the determination of the operational value use a number of inputs 12, e.g.

sensor inputs, other controller values, look-up table values, online determined values, etc.

The first controller is arranged to operate at a first sample frequency and the second
controller is arranged to operate at a second sample frequency, the second sample frequency
being higher than the first sample frequency. As an example the first sample frequency may
be a frequency between 1 Hz and 50 Hz, such as 5 Hz, 10 Hz, 25 Hz or any other specific
sample frequency, and the second sample frequency may be a frequency between 75 Hz and
250 Hz, such as 100 Hz and 150 Hz or any other specific sample frequency. Different, higher

or lower, sample frequencies may be used.

In embodiments the sampling frequency may relate to the number of samples per time that
are calculated by the given controller unit. A sampling frequency of 10 Hz may therefore

refer to that the calculated values of the given controller is updated each 100 millisecond.

As shown in Fig. 2, a demand value V1 for controlling the sub-system is received by the first
controller and the second controller concurrently. The first controller operates at a lower
sample frequency, so the demand value handled by the first controller is delayed as compared
to the demand value handled by the second controller. This delay is utilized to determine a
difference value V4 between the demand value as received by the second controller and the
demand value received via the first controller to the second controller. The task of the first
controller is to calculate the operational value of the sub-system. In an intermediate step, this
operational value is determined as an internal operational value V5. The operational value

OV is set as the sum of the internal operational value V5 and the difference value V4.

Figure 3 and Figure 4 illustrate elements of an exemplary embodiment of the present
invention. Figure 3 illustrates elements of the controller system and Figure 4 illustrates

example values of the control system of Fig. 3.

In an exemplary embodiment, the first controller 10 is the general wind turbine controller
which receives demand value V1 in the form of an external set-point for a requested output

power, and the second controller 20 is the converter controller which is in charge of provided
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the output power requested by the general controller. While this exemplary embodiment is
used for discussion of Figs. 3 and 4, the invention is not limited to this situation. The first and
the second controller units may be any relevant controller units of the wind turbine within the
scope of the present invention. With that said, selecting the two controllers as the general
turbine controller and the converter controller is nevertheless an important embodiment, as
the converter controller may operate at a higher sample frequency than the general controller,
and therefore the general controller may be a limiting element in order to provide fast grid
support. In further embodiments, the operational value may be externally provided set-points
selected from the group of: a power reference, a torque reference or a speed reference,

however the operational value is not limited to these examples.

In the illustrated embodiment, a new lower output power is requested at time t1 (Fig. 4). That
is the demand value V1 is the output power which is requested to be lowered from a current
value requested during a first period P1 to a new value requested for a second period P2.
Between the two periods, a transition period PT is present. One advantage of embodiments of
the present invention is that the first controller can be put in charge of ensuring that the
demand value is an allowed operational point for the sub-system to ensure safe operation,
while the speed of the second controller can be utilized for making the transition period short

and/or the initial response faster.

In the illustrated embodiment, the demand value V1 is first provided to a computational unit
21 for modifying the demand value. Such modification may e.g. be saturation limits 22, 1.e. a
limitation in absolute size of the demand value and rate limits 23, i.e. a limitation of the
change of the demand value. The saturation limit may ensure that the turbine will only
operate within a predefined minimum and maximum output power (or other operating
values). For example if the demand value requests more power than the rated power of the
turbine, the demand value is limited to the rated power value of the turbine, or if the demand
value request a lower power than the minimum operating power of the wind turbine, the
demand value is limited upwards to the minimum power. The rate limitation may ensure that

loads during the transition to the demand value are kept below a certain load level.

Due to the saturation 22 and rate limitation 23 and possibly other modifications, the demand

value is modified from V1 to V2, and as a result of the limited sample frequency the signal
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V2 is delayed with respect to time t1. The slope reflects the limitations imposed by the rate

limiting computational unit 23.

The modified signal V2 is input into the general computing unit 200 in order to calculate an
internal operational value V5, i.e. in order to calculate the set-point to be provided to the
converter controller. The internal operational value V5 could be used as the actual
operational value, since the internal operational value V5 is the operational value calculated
by the general controller 200 to operate the converter in the light of the external power set-
point and the general operational strategy. This value may be used directly by the converter

controller in order to deliver the requested output power.

In embodiments of the present invention a faster reaction may be obtained than would be
possible by using the internal operation value as the operational value. This is obtained by
setting the operational value OV to the value V6 instead of to the value V5, that is by adding

the difference value V4 to the internal operational value V5.

In the illustrated embodiment, the difference value is obtained by including a computational
unit 24 also in the second controller 20 to perform modifications on the demand value to
transform the demand value V1 into V3. It may be advantageous to program the
computational units 21, 24 to perform same modifications on the demand value. This may be
ensured by use of the same computational units which are fed by same parameter settings 27,
28. By use of same computational units 21, 24 in the two controllers, the signals V2 and V3
may easily be subtracted to provide the difference value V4. In other embodiments, the
modifications units may be omitted or implemented in a different way in order to arrive at a
difference value. In the illustrated embodiment, the only difference between the two values
V2 and V3 is that the delay of V3 is shorter than the delay of V2 due to the higher sampling

frequency.

The first controller may in embodiments be implemented using different control algorithm
types. In one embodiment, the first controller is implemented as, or may include, a control
loop feedback controller element. That is, the computational unit 200 may comprise a PI or

PID controller or any other controller of such type.
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In an embodiment, the first controller is implemented as a MIMO (Multiple Inputs, Multiple
Outputs). In an important embodiment, the MIMO controller is implemented as a model
predictive control (MPC) routine. That is, the computational unit 200 may comprise a general
MIMO controller, such as an MPC controller. In further embodiments, the computational unit
200 may also combine control loop feedback controller elements with MIMO or MPC

control elements.

A Model Predictive Control (MPC) controller is a multivariable control algorithm that uses
an optimization cost function J over a receding prediction horizon to calculate the optimal
control moves. The optimization calculation may be computational heavy, and the first

controller may for that reason operate at a lower sample frequency.

While the operational value is generally set as the sum of the internal operational value V5
and the difference signal V4, there may be situation where the operational value should be set
differently, for example in a situation of a high yaw error, gusts, components with a high

temperature, or other critical situations.

In one embodiment, the first controller may be further arranged to issue a limitation value 30
for providing a minimum value, a maximum value, or an allowed range of the operational
value. In this situation, the second controller is arranged to ensure that the operational value
does not exceed the limitation value. The wind turbine or elements of the wind turbine may
be in an operational state where it is important to ensure that the turbine or elements of the

turbine only operate with allowed values.

As an alternative or addition to that, in an embodiment, the first controller may further be
arranged to issue an override signal 29 so that the operational value OV is set equal to the
internal operational value V5. That is, the general controller decides that fast changes are not
allowed. As an example, an override signal may be issued in a situation where the available
power due to low wind speed is below the requested power and the wind turbine therefore do
not need to sample fast, and the internal operational may be used directly to operate the

subsystem.

Embodiments of the invention of a method for controlling a wind turbine are disclosed with

reference to Fig. 2. In embodiments, the method may comprise receiving a demand value V1
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for controlling a sub-system of the wind turbine, the demand value being received concurrent
by the first controller 10 and by the second controller 20. In the first controller and an internal
operational value V5 is determined based on the demand value, whereas in the second
controller a difference value V4 is determined between the demand value V1 as received by
the second controller and the demand value V2 received via the first controller to the second
controller. The operational value OV is determined as the sum of the internal operational
value and the difference value. The operational value is provided as the operational value for

controlling the sub-system.

In the disclosure reference is made to value, parameter and signal. It is to be understood that
in a complex system such as a wind turbine, settings, set-points, commands, instructions, etc.
can be provided in many ways and forms both digitally and analogously, a skilled person will
understand the proper form of providing relevant settings, set-points, commands, instructions,

etc. in an operating implementation of embodiments of the present invention.

Although the present invention has been described in connection with the specified
embodiments, it should not be construed as being in any way limited to the presented
examples. The invention can be implemented by any suitable means; and the scope of the
present invention is to be interpreted in the light of the accompanying claim set. Any

reference signs in the claims should not be construed as limiting the scope.
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CLAIMS

1. A control system for a wind turbine, the control system comprises at least two
controller units:

a first controller arranged for determining an operational value of a sub-system
of the control system, the first controller being arranged to operate at a first sample
frequency; and

a second controller for operating the sub-system, the second controller unit
being arranged to operate at a second sample frequency, the second sample frequency being
higher than the first sample frequency; wherein

the control system being arranged for receiving a demand value for controlling
the sub-system,;

wherein the control system is arranged so that the first controller and the
second controller receives the demand value concurrently;

wherein the second controller determines a difference value between the
demand value as received by the second controller and the demand value received via the
first controller to the second controller;

wherein the first controller based on the demand value determines an internal
operational value; and

wherein the second controller receives the internal operational value and sets

the operational value as the sum of the internal operational value and the diftference value.

2. The control system according to claim 1, wherein the at least first and/or
second controller comprises one or more computational units for modifying the demand

value prior to determining the difference value.

3. The control system according to claim 2, wherein the one or more

computational units are programmed to perform same modifications on the demand value.

4. The control system according to any of the claims 2 or 3, wherein the one or
more computational units perform a limitation of the demand value, including a limitation in

absolute size of the demand value and/or a limitation of the change of the demand value.
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5. The control system according to any of the preceding claims, wherein the first
controller comprises a controller unit being implemented as a control loop feedback

controller.

6. The control system according to any of the preceding claims, wherein the first
controller comprises a controller unit being is implemented as model predictive controller

(MPC).

7. The control system according to any of the preceding claims, wherein the
operational value is an externally provided set-point selected from the group of’ a power

reference, a torque reference or a speed reference.

8. The control system according to any of the preceding claims, wherein the first
controller is further arranged to issue a limitation value for providing a minimum value, a
maximum value, or an allowed range of the operational value, and wherein the second
controller is arranged to ensure that the operational value does not exceed the limitation

value.

9. The control system according to any of the preceding claims, wherein the first
controller is further arranged to issue an override signal so that the operational value is set

equal to the internal operational parameter.

10. The control system according to any of the preceding claims, wherein the first
controller is a general controller in charge of operating the wind turbine within parameter

limits.

11. The control system according to any of the preceding claims, wherein the
second controller is an electrical controller for operating an electrical sub-system of the wind

turbine.

12. A wind turbine comprising the control system according to any of the claims 1

toll.
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13. A method for controlling a wind turbine, the wind turbine comprises a first
controller arranged for determining an operational value of a sub-system, the first controller
being arranged to operate at a first sample frequency, and a second controller for operating
the sub-system, the second controller being arranged to operate at a second sample
frequency, the second sample frequency being higher than the first sample frequency

the method comprises:

receiving a demand value for controlling a sub-system of the wind turbine, the
demand value being received concurrent by the first controller and by the second controller;

in the first controller:

determine an internal operational value based on the demand value;

in the second controller:

determine a difference value between the demand value as received by the
second controller and the demand value received via the first controller to the second
controller;

determine an operational value as the sum of the internal operational value and
the difference value; and

provide the operational value to the sub-system.

14. A computer program product comprising software code adapted to control a wind turbine
when executed on a data processing system, the computer program product being adapted to

perform the method of claim 13.
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