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system includes a plurality of controllers distributed in the wind turbine or

the wind power plant; and a plurality of data storage units, each data storage

unit being arranged at a respective predetermined position in the wind tur-

bine or the wind power plant and being coupled to the controller arranged at
J the same position; wherein each data storage unit comprises operational in-

formation pertaining to the predetermined position in the wind turbine or the
wind power plant; and wherein each controller is contigured to read the op-
erational information of the corresponding data storage unit and to determine
its function from the operational information.
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CONTROL SYSTEM FOR A WIND TURBINE

TECHNICAL FIELD
[0001] The present invention relates generally to a control system for a wind turbine.
BACKGROUND
[0002] Modern wind turbines and power plant control systems generally have

numerous distributed electronic control units (ECUs). The ECUs are usually placed
where there is a local need for interface to sensors and actuators, and optionally for
control functions and other functions such as data acquisition and communication
switches.

[0003] The individual ECUs may be programmed and manufactured according to the
respective functions in the wind turbines and/or the wind power plant. However, it may
not be possible to use these ECUs in different parts of a wind turbine, different types of
wind turbines and/or in different wind power plant sub-systems due to the different

system configurations.

SUMMARY
[0004] According to an embodiment, a control system for a wind turbine or a wind
power plant is provided. The control system includes a plurality of controllers distributed
in the wind turbine or the wind power plant; and a plurality of data storage units, each
data storage unit being arranged at a respective predetermined position in the wind

turbine or the wind power plant and being coupled to the controller arranged at the same
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position; wherein each data storage unit comprises operational information pertaining to
the predetermined position in the wind turbine or the wind power plant; and wherein each
controller is configured to read the operational information of the corresponding data
storage unit and to determine its function from the operational information.

[0005] According to an embodiment, each controller may be further configured to
determine from the operational information one or more components of the wind turbine
or the wind power plant to which it is coupled.

[0006] According to an embodiment, the operational information may include one or
more from a group consisting of a wind power plant sub-system type, a variant of the
wind power plant sub-system, a position in the wind power plant sub-system, a series
number of the wind power plant sub-system, a wind turbine type, a variant of the wind
turbine, a series number of the wind turbine, a position in the wind turbine, a component
type, a variant of the component, a series number of the component, a configuration of
the component, a calibration parameter of the component, and information of the control
system.

[0007] According to an embodiment, the control system may further include at least
one main controller coupled to the plurality of controllers. The at least one main
controller may be configured to determine if the plurality of controllers have the correct
hardware and software configuration based on hardware and software configuration
information received from the plurality of controllers and the operational information
received from the corresponding data storage units.

[0008] According to an embodiment, the at least one main controller may be further

configured to transmit software to the plurality of controllers according to the respective
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functions of the plurality of controllers determined from the operational information of
the corresponding data storage units.

[0009] According to an embodiment, the at least one main controller may be further
configured to prevent start-up of the wind turbine or the wind power plant sub-system
and to provide a warning signal when it is determined that at least one of the plurality of
controllers has one or both of the wrong hardware configuration and the wrong software
configuration, at least one of the plurality of controllers or communication switches is
arranged at a wrong position in the wind turbine or the wind power plant or at least one of
the plurality of controllers receives the wrong operational information from the
corresponding data storage unit.

[0010] According to an embodiment, the at least one main controller may be further
configured to allow start-up of the wind turbine or the wind power plant sub-system and
provide a start-up signal when it is determined that the plurality of controllers have the
correct hardware and software configuration, are arranged at the correct positions in the
wind turbine or the wind power plant, and receive the correct operational information
from the corresponding data storage units.

[0011] According to an embodiment, the control system may further include at least
one further main controller coupled to the plurality of controllers. The at least one further
main controller may be configured to determine if safety-related functions in the plurality
of controllers are correct based on the hardware and software configuration information
received from the plurality of controllers and the operational information received from

the corresponding data storage units.
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[0012] According to an embodiment, the at least one further main controller may be
configured to prevent start-up of the wind turbine or the wind power plant when it is
determined that the safety-related functions in the controllers are incorrect.

[0013] According to an embodiment, each controller may include at least one
controller partition.

[0014] According to an embodiment, each data storage unit may include at least one
memory partition.

[0015] According to an embodiment, the data storage unit includes at least two
memory partitions, and each memory partition of the data storage unit may include the
same operational information.

[0016] According to an embodiment, the controller comprises at least two controller
partitions, and each memory partition of the data storage unit may be coupled to a
corresponding controller partition of the controller.

[0017] According to an embodiment, the number of controller partitions of the
controller and the number of memory partitions of the corresponding data storage unit
may be the same.

[0018] According to an embodiment, the number of controller partitions of the
controller and the number of memory partitions of the corresponding data storage unit
may be different.

[0019] According to an embodiment, the number of controller partitions of the
controller may be more than the number of memory partitions of the corresponding data

storage unit. One controller partition of the controller may be coupled to a corresponding
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memory partition of the data storage unit and to the other controller partition of the same
controller.

[0020] According to an embodiment, the controller partition of the controller may be
configured to transmit operational information received from the corresponding memory
partition of the data storage unit and to transmit the received operational information to
the other controller partition.

[0021] According to an embodiment, the number of controller partitions of the
controller may be less than the number of memory partitions of the corresponding data
storage unit. Two or more memory partitions of the data storage unit may be coupled to a

same controller partition of the controller.

[0022] According to an embodiment, each data storage unit may include a readable
code.
[0023] According to an embodiment, the readable code may include a bar-code or a

matrix bar-code.

[0024] According to an embodiment, each data storage unit may be programmable by
the corresponding controller.

[0025] According to an embodiment, the at least one main controller and the at least
one further main controller may be coupled to the plurality of controllers via a
communication network.

[0026] According to an embodiment, some of the controllers are communication
switches for transmitting information in the communication network.

[0027] According to an embodiment, each data storage unit may have safety-related

properties in accordance with the requirements of the control system.
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[0028] According to an embodiment, at least some of the data storage units may be
respectively coupled to the at least one main controller and the at least one further main
controller.

[0029] According to an embodiment, the control system may further include a power
plant controller coupled to one or more from a group consisting of one or more of the
plurality of controllers, the at least one main controller and the at least one further main
controller.

[0030] According to an embodiment, the power plant controller may be configured to
transmit software to the one or more from a group consisting of one or more of the
plurality of controllers, the at least one main controller and the at least one further main
controller according to the respective functions of the one or more from a group
consisting of one or more of the plurality of controllers, the at least one main controller
and the at least one further main controller determined from the operational information

of the corresponding data storage units.

BRIEF DESCRIPTION OF THE DRAWINGS
[0031] In the drawings, like reference characters generally refer to the same parts
throughout the different views. The drawings are not necessarily to scale, emphasis
instead generally being placed upon illustrating the principles of the invention. In the
following description, various embodiments of the invention are described with reference
to the following drawings, in which:

[0032] Figure 1 illustrates a common setup of a conventional wind turbine.
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[0033] Figure 2 shows a schematic diagram of a control system of a wind turbine
according to an embodiment.
[0034] Figure 3 shows a schematic diagram of a controller of a control system

coupled to a data storage unit of the control system according to an embodiment.
[0035] Figure 4 shows a schematic diagram of a controller of a control system
coupled to a data storage unit of the control system according to an embodiment.
[0036] Figure 5 shows a schematic diagram of a controller of a control system
coupled to a data storage unit of the control system according to an embodiment.
[0037] Figure 6 shows a schematic diagram of a controller of a control system

coupled to a data storage unit of the control system according to an embodiment.

DETAILED DESCRIPTION

[0038] Exemplary embodiments of a control system for a wind turbine in accordance
with the present invention will be described in detail below with reference to the
accompanying figures. It will be appreciated that the exemplary embodiments described
below can be modified in various aspects without changing the essence of the invention.

[0039] Figure 1 illustrates a common setup of a conventional wind turbine 100. The
wind turbine 100 is mounted on a base 102. The wind turbine 100 includes a tower 104
having a number of tower sections. A wind turbine nacelle 106 is placed on top of the
tower 104. The wind turbine rotor includes a hub 108 and at least one rotor blade 110,
e.g. three rotor blades 110. The rotor blades 110 are connected to the hub 108 which in
turn is connected to the nacelle 106 through a low speed shaft which extends out of the

front of the nacelle 106. The low speed shaft typically drives a generator (not shown) for
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producing electrical power. The electrical power generated is thereafter usually
conditioned by a converter system (not shown), comprising a power converter, prior to
delivery from the wind turbine to a grid.

[0040] The wind turbine 100 has a control system for controlling the various
components of the wind turbine 100. The control system may have a plurality of
electronic control units (ECUs) which are arranged at the respective components of the
wind turbine 100. The individual ECUs may be programmed and manufactured according
to the respective functions in the wind turbine 100. However, it may not be possible to
use these ECUs in different types of wind turbines and/or in different wind power plant
sub-systems due to the different system configurations. As such, the ECUs may have to
be programmed and manufactured differently for use in different types of wind turbines
and/or in different wind power plant sub-systems. Thus, it is desirable to re-use ECUs in
different types of wind turbines and/or in different wind power plant sub-systems.

[0041] Figure 2 shows a schematic diagram of a control system 200 according to one
embodiment. The control system 200 may be implemented in only the wind turbine or in
a whole wind power plant. For illustration purposes, the control system 200 is
implemented in a wind power plant 202 having a wind turbine 204 and a sub-station 206.
It should be noted that although only one wind turbine 204 is shown in Fig.2, the wind
power plant 202 may comprise more than one wind turbines.

[0042] The control system 200 has a plurality of controllers 208a-j (may also be
referred as electronic control units (ECUs)). The controllers 208a-j are distributed in the
wind power plant 202. For example, the controllers 208a, 208h may be arranged in the

tower 210 of the wind turbine 204, the controllers 208b, 208c, 208d, 2081 may be
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arranged in the nacelle 212 of the wind turbine 204, the controller 208e may be arranged
in the hub 214 of the wind turbine 204, and the controllers 208f, 208g, 208j may be
arranged in the sub-station 206.

[0043] In one embodiment, each controller 208a-j may be coupled to one or more
components in the wind power plant 202. For example, the controller 208b may be
coupled to a generator (not shown), the controller 208c may be coupled to a lubrication
station (not shown), and the controller 208d may be coupled to a gearbox (not shown).
Further, some controllers (not shown) may also be arranged on the blades 216 of the wind
turbine 204. The controllers (not shown) arranged on the blades 216 may be coupled to
local sensors such as blade load sensors and lightning sensors. Some controllers (not
shown) arranged on the nacelle 212 may be coupled to sensors such as wind speed sensor
(anemometer) and wind direction sensor (wind vane). The number of controllers 208a-j
and the locations and/or arrangements of the controllers 208a-j are not limited to that as
shown in Figure 2 and as described above.

[0044] The control system 200 further includes a plurality of data storage units 218a-
j- Each data storage unit 218a-j is arranged at a respective predetermined position in the
wind power plant 202. For example, each data storage unit 218a-j may be physically tied
to a specific location in the wind turbine 204 of the wind power plant 202, e.g. gear,
generator, cooling station, tower section.

[0045] Each data storage unit 218a-j is coupled to the controller 208a-j arranged at
the same position in the wind power plant 202. Each data storage unit 218a-j and the

corresponding controller 208a-j may be communicatively coupled. In one embodiment,
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each data storage unit 218a-j and the corresponding controller 208a-j may be
communicatively coupled wirelessly.

[0046] In another embodiment, each data storage unit 218a-j may be detachably
connected to the corresponding controller 208a-j. Each data storage unit 218a-j may be a
physical device connected to the corresponding controller 208a-j but is not part of the
corresponding controller 208a-j. Each data storage unit 218a-j may have an electrical
connector to the corresponding controller 208a-g. Each data storage unit 218a-j may have
any physical form and is not limited to a particular physical implementation. In one
embodiment, each data storage unit 218a-j may look like what is known as a “dongle” in
the computer industry. A “dongle” is a small housing with an integrated connector. In
another embodiment, each data storage unit 218a-j may look like a sensor with housing
and an associated cable with a connector at the other end. In other embodiments, other
physical variants of the data storage units 218a-j may be developed according to the
needs.

[0047] Each data storage unit 218a-j includes operational information pertaining to
the predetermined position in the wind power plant 202. In one embodiment, the
operational information may include but is not limited to a wind power plant sub-system
type, a variant of the wind power plant sub-system, a position in the wind power plant
sub-system, a series number of the wind power plant sub-system, a wind turbine type, a
variant of the wind turbine, a series number of the wind turbine, a position in the wind
turbine, a component type, a variant of the component, a series number of the component,
a configuration of the component, a calibration parameter of the component, and

information of the control system. Each data storage unit 218a-j may include information
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about the role/function of the associated controller 208a-j in the control system in the
wind turbine and/or wind power plant.

[0048] In one embodiment, to store the operational information, the data storage units
218a-j may be electronically programmed during production by electrical connection. In
another embodiment, to store the operational information, the data storage units 218a-j
may have a RFID programmable persistent memory which is programmable by a RFID
programmer and is electronically readable by the controllers 208a-j. Further, each data
storage units 218a-j may be programmable by the corresponding controller 208a-j.

[0049] In addition to the operational information in the data storage units 218a-j, the
data storage units 218a-j may include a readable code respectively. The readable code
may include but is not limited to a bar-code and a matrix bar-code (e.g. QR code). The
readable code may be readable by a scanning device. The readable code reflects the data
contents (e.g. operational information) of the data storage units 218a-j. The readable code
can enable automatic and safe programming and identification of the data storage unit
218a-j throughout the sourcing chain.

[0050] Further, each data storage unit 218a-j may have safety-related properties in
accordance with the requirements of the control system 200. The data storage units 218a-j
may have safety-related properties that enable the data storage units 218a-j to be used in
safety critical systems. The safety-related properties of the data storage units 218a-j may
include but is not limited to double or triple redundant data storage in separate data areas
of the memory, suitable checksums on data values, and suitable hamming distance

between codes. The safety-related properties of the data storage units 218a-j may be
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compliant to safety integrity levels 2 or 3 (SIL2 or SIL3) in accordance with the
specification for these levels in the IEC61508:2010 standard.

[0051] The control system 200 may further include a main controller 217 and a
further main controller 220. In one embodiment, the main controller 217 and the further
main controller 220 may be a computer respectively.

[0052] In one embodiment, the control system 200 may include a data storage unit
218k coupled to the main controller 217 and a data storage unit 2181 coupled to the
further main controller 220. The data storage units 218k, 2181 may include information
about the respective role/function of the main controller 217 and of the further main
controller 220 in the control system 200 in the wind turbine 204 and/or wind power plant
202. The data storage units 218k, 2181 may have the same or similar configurations and
properties as the data storage units 218a-j.

[0053] In one embodiment, the control system 200 may be fault tolerant. The fault
tolerant control system 200 may include two or more main controllers (e.g. a first main
controller 217a and a second main controller 217b) (not shown), and two or more further
main controllers 220 (e.g. a first further main controller 220a and a second further main
controller 220b) (not shown). The first main controller 217a may be redundant by the
second main controller 217b. The first further main controller 220a may be redundant by
the second further main controller 220b. In the event that one of the main controllers 217
(e.g. the first main controller 217a) fails, the other main controller (e.g. the second main
controller 217b) may be used to carry out the functions for the wind turbine 204 and/or
the wind power plant 202 to operate. In the event that one of the further main controllers

220 (e.g. the first further main controller 220a) fails, the other further main controller
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(e.g. the second further main controller 220b) may be used to carry out the functions for
the wind turbine 204 and/or the wind power plant 202 to operate.

[0054] In one embodiment, the control system 200 may include data storage units
(not shown) respectively coupled to the first main controller 217a, the second main
controller 217b, the first further main controller 220a and the second further main
controller 220b.

[0055] For simplicity of illustration, only one main controller 217 and only one
further main controller 220 are shown in Figure 2 and are described herein.

[0056] In one embodiment, the main controller 217 and the further main controller
220 may be separate elements. In another embodiment, the main controller 217 and the
further main controller 220 may be a single element. That is, the further main controller
220 may be incorporated into the main controller 217.

[0057] The main controller 217 and the further main controller 220 are coupled to the
plurality of controllers 208a-j. The main controller 217 and the further main controller
220 are coupled to the plurality of controllers 208a-j via a communication network 222.
In one embodiment, the communication network 222 may include Ethernet or time-
triggered communication network. Alternatively, other suitable types of network may
also be used for the communication network 222.

[0058] In one embodiment, the communication network 222 may be implemented for
one wind turbine only. In another embodiment, the communication network 222 may
extend outside the wind turbine and may be connected to other wind turbines or sub-

stations. For illustration purposes, Figure 2 shows that the communication network 222 is
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implemented for the wind power plant 202 having the wind turbine 204 and the sub-
station 206.

[0059] In one embodiment, the controllers 208h, 208i, 208j are communication
switches for transmitting information/data in the communication network 222. The
communication switches 208h, 2081, 208j may be coupled to the other controllers 208a-g,
the main controller 217, and the further main controller 220. The communication
switches 208h, 2081, 208j may transmit information/data between the main controller 217
and the other controllers 208a-g, between the further main controller 220 and the other
controllers 208a-g, and between the main controller 217 and the further main controller
220. As shown in Figure 2, the communication switch 208h is arranged in the tower 210,
the communication switch 208i is arranged in the nacelle 212, and the communication
switch 208j is arranged in the sub-station 206. The communication switch 208h in the
tower 210 may be directly coupled to the communication switch 208i in the nacelle 212.
Communication switches may also be arranged in the hub 214. The number of
communication switches and the locations and/or arrangements of the communication
switches are not limited to that as shown in Figure 2 and as described above.

[0060] Before the starting up of the wind power plant 202 and/or wind turbine 204,
the controllers 208a-j read the operational information of the corresponding data storage
units 218a-j. In one embodiment, the controllers 208a-j may read the operational
information of the corresponding data storage units 218a-j at any time after the
controllers 208a-j are switched on. In another embodiment, the controllers 208a-j may
read the operational information of the corresponding data storage units 218a-j upon

power-up of the controllers 208a-j. The controllers 208a-j determine the respective
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functions from the operational information. The controllers 208h, 208i, 208j may
determine their functions as communication switches for transmitting data between
communication ports from the operational information of the corresponding data storage
units 218h, 2181, 218j. The controllers 208a-j may also determine from the operational
information the one or more components of the wind power plant 202 and/or wind
turbine 204 to which they are coupled.

[0061] The main controller 217 transmits software to the plurality of controllers
208a-j according to the respective functions of the plurality of controllers 208a-j
determined from the operational information of the corresponding data storage units
218a-j.

[0062] Further, the main controller 217 determines if the plurality of controllers
208a-j have the correct hardware and software configuration based on hardware and
software configuration information received from the plurality of controllers 208a-j and
the operational information received from the corresponding data storage units 218a-j.
[0063] “Hardware configuration” of a controller refers to how the controller hardware
is composed, e.g. microprocessor type, memory size, I/O types and numbers and
communication interfaces. A controller usually has type, variant, and revision numbers
from which the hardware configuration can be derived. Alternatively, the information can
be provided in a form of configuration tables or other suitable forms. A controller can
provide these numbers to an outside controller, such as a main controller (e.g. main
controller 217), for a system configuration check. The purpose of the hardware

configuration check is to ensure that the correct controller is used for the application.
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[0064] “Software configuration” of a controller refers to information of software
which the controller has. A controller can provide the software configuration information
to an outside controller, such as a main controller (e.g. main controller 217), for a system
configuration check. The purpose of the software configuration check is to ensure that the
software in the controller is the correct software for the application and that it is the most
recent approved version.

[0065] Both the hardware and software configuration check can be very important in
relation to securing the integrity of the control system (e.g. control system 200). Integrity
check can be an essential in relation to safety-related systems.

[0066] If it is determined that at least one of the plurality of controllers 208a-j has
one or both of the wrong hardware configuration and the wrong software configuration,
at least one of the plurality of controllers 208a-j is arranged at a wrong position in the
wind turbine 204 or the wind power plant 202 or at least one of the plurality of
controllers 208a-j receives the wrong operational information from the corresponding
data storage unit 218a-j, the main controller 206 prevents start-up of the wind turbine 204
or the wind power plant sub-system and transmits a warning signal.

[0067] The wind power plant 202 may have various sub-systems (not shown). In one
embodiment, the wind power plant sub-system may be a measurement system for
measurement of voltage, current and phase angle at the point of common coupling. In
another embodiment, the wind power plant sub-system may be a battery system that
provides back-up power in case of grid failure. In another embodiment, the wind power

plant sub-system may be a metrology system for measuring wind speed and wind
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direction. In another embodiment, the wind power plant sub-system may be a switch-gear
controller system.

[0068] In the event that a wrong configuration occurs in a particular wind power
plant sub-system, the wind power plant 202 may still be allowed to operate. The wind
power plant 202 may operate normally if the wind power plant sub-system having the
wrong configuration is not mandatory for the wind power plant 202 to operate.

[0069] If it is determined that the plurality of controllers 208a-j have the correct
hardware and software configuration, are arranged at the correct positions in the wind
turbine 204 or the wind power plant 202, and receive the correct operational information
from the corresponding data storage units 218a-j, the main controller 206 transmits a
wind turbine start-up signal.

[0070] In other words, the data contents (e.g. operational information) of the data
storage units 218a-j can be used to safely verify the system configuration before starting
the wind turbine 204 or the wind power plant 202. The data contents (e.g. operational
information) of the data storage units 218a-j can be used to safely verify that the software
configuration of the distributed control system nodes is compliant to the system
configuration before starting the wind turbine 204 or the wind power plant 202.

[0071] In one embodiment, the control system 200 may include a power plant
controller (not shown) in the sub-station 206. The power plant controller may be coupled
to the controllers 208f, 208g, 208j in the sub-station 206. The power plant controller may
have the same or similar functions as the main controller 217. For example, the power
plant controller may transmit software to the controllers 208f, 208g, 208j in the sub-

station 206 according to the respective functions of the controllers 208f, 208g, 208;j
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determined from the operational information of the corresponding data storage units 218f,
218g, 218§;.

[0072] In another embodiment, the power plant controller may be coupled to the
plurality of controllers 208a-j. The power plant controller may transmit software to the
plurality of controllers 208a-j according to the respective functions of the plurality of
controllers 208a-j determined from the operational information of the corresponding data
storage units 218a-j. The power plant controller may also be coupled to the main
controller 217 and/or the further main controller 220. The power plant controller may
also transmit software to the main controller 217 and/or the further main controller 220
according to the respective functions determined from the operational information of the
corresponding data storage units 218k, 218l.

[0073] Various configurations can be used for the control system 200. For simplicity
of illustration, only one main controller 217 is described herein.

[0074] Before the starting up of the wind power plant 202 and/or wind turbine 204,
the further main controller 220 determines if safety-related functions in the plurality of
controllers 208a-j are correct based on the hardware and software configuration
information received from the plurality of controllers 208a-j and the operational
information received from the corresponding data storage units 218a-j. If it is determined
that the safety-related functions in the controllers 208a-j are incorrect, the further main
controller 220 prevents start-up of the wind turbine 204 or the wind power plant 202. The
safety-related control functions of the controllers 208a-j can include but are not limited to
functions that protect personnel working in the turbine such as emergency stops,

interlocks and light curtains, and functions that protect the turbine such as load
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monitoring, over-speed detection, arc detection, smoke detection, yaw position
monitoring and blade pitch control. The further main controller 220 is a safety-related
protection controller because the further main controller 220 performs a check to ensure
that the safety-related functions in the controllers 208a-j are correct before the wind
power plant 202 and/or wind turbine 204 are allowed to start up.

[0075] Therefore, it can be understood by a skilled person from the above description
that the control system 200 also performs as a protection system which performs safety-
related control functions. Some of the safety-related control functions can include
protecting humans working in the wind turbine, and protecting the integrity of the wind
turbine to avoid failures in the control system leading to structural damage on the wind
turbine, sub-systems of the wind turbine or the sub-station system.

[0076] The above described control system 200 can allow re-use of the controllers
208a-j for different wind turbines and different sub-systems in the wind turbines. The
above described control system 200 can allow the controllers 208a-j to automatically and
safely determine their positions and functions in the wind turbine 204 or in the wind
power plant 202 while ensuring that the controllers 208a-j have the correct hardware and
software configuration, are arranged at the correct positions in the wind turbine 204 or
the wind power plant 202, and receive the correct operational information from the
corresponding data storage units 218a-j. The above described control system 200 can also
allow the controllers 208a-j to receive the appropriate software (e.g. the latest version of
software) for operating in the wind turbine 204 or the wind power plant 202 according to

the respective functions and the respective positions at which they are arranged.



WO 2013/182197 PCT/DK2013/050169

20

[0077] Such determination of position, function and configuration can improve
manufacturing, operation and maintenance of the wind turbine 204 or the wind power
plant 202 as the risk associated with human errors can be reduced. In case of erroneous
mounting of the controllers 208a-j, the control system 200 can automatically detect it and
prevent automatic start-up of the wind turbine 204 or the wind power plant 202. The
operator can be properly warned and corrective action can be taken. As such, the wind
turbine / wind power plant system reliability and safety can be improved.

[0078] In order to allow re-use of the controllers 208a-j, the data storage units 218a-j
remain at the respective predetermined positions of the wind turbine 204 even when the
controllers 208a-j are replaced. Therefore, each data storage unit 218a-j is coupled to the
one or more predetermined components of the wind turbine 204 or of the wind power
plant 202. The one or more predetermined components may form or belong to a sub-
system of the wind power plant 202 or of the wind turbine 204. Thus, each data storage
unit 218a-j may be considered as part of the sub-system of the wind power plant 202 or
of the wind turbine 204. As such, besides determining the positions and functions of the
controllers 208a-j in the wind turbine 204 or the wind power plant 202, the operational
information of the data storage units 218a-j can also allow the controllers 208a-j to verify
in which sub-systems the controllers 208a-j are mounted.

[0079] Figure 3 shows an exemplary controller 302 coupled to an exemplary data
storage unit 304 according to one embodiment. The controller 302 has at least one
controller partition 306 and the data storage unit 304 has at least one memory partition
308. In one embodiment, the number of controller partitions 306 of the controller 302 and

the number of memory partitions 308 of the data storage unit 304 are the same. The
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controller 302 has one controller partition 306 and the data storage unit 304 has one
memory partition 308.

[0080] The memory partition 308 of the data storage unit 304 is coupled to the
controller partition 306 of the controller 302. The memory partition 308 of the data
storage unit 304 has the operational information pertaining to the predetermined
component of the wind turbine 200 at which the data storage unit 304 is arranged. The
memory partition 308 may be persistent memory that can be read and modified by the
controller 302 (e.g. controller partition 306 of the controller 302). The controller partition
306 of the controller 302 may provide power to the memory partition 308 of the data
storage unit 304, and the memory partition 308 of the data storage unit 304 may provide
the operational information to the controller partition 306 of the controller 302.

[0081] Figure 4 shows an exemplary controller 402 coupled to an exemplary data
storage unit 404 according to one embodiment. The controller 402 has one controller
partition 406 and the data storage unit 404 has more than one memory partitions (e.g. two
memory partitions 408a, 408b). The number of controller partitions 406 of the controller
402 and the number of memory partitions 408a, 408b of the data storage unit 404 are
different. The controller partition 406 of the controller 402 is coupled to both the memory
partitions 408a, 408b of the data storage unit 404. The two memory partitions 408a, 408b
of the data storage unit 404 have the same operational information pertaining to the
predetermined component of the wind turbine at which the data storage unit 404 is
arranged. The memory partitions 408a, 408b may be persistent memory that can be read
and modified by the controller partition 404. The controller partition 406 of the controller

402 may provide power to both the memory partitions 408a, 408b of the data storage unit
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404, and one or both of the memory partitions 408a, 408b of the data storage unit 404
may provide the operational information to the controller partition 406 of the controller
402.

[0082] In one embodiment, the data storage unit 404 is fault tolerant as it has more
than one memory partitions 408a, 408b which have the same operational information. In
an event that one of the memory partitions (e.g. memory partition 408a) fails or the
coupling between the controller partition 406 and one of the memory partitions (e.g.
memory partition 408a) fails, the controller partition 406 may still be able to obtain
operational information from the other memory partition (e.g. memory partition 408b).
Thus, by having more than one memory partitions 408a, 408b can reduce the probability
that a random failure in a memory partition 408a, 408b or a related interface with the
controller 402 and/or controller partition 406 can cause a situation where the wind turbine
cannot start up due to lack of operational information (e.g. system configuration
information).

[0083] Figure 5 shows an exemplary controller 502 coupled to an exemplary data
storage unit 504 according to one embodiment. The controller 502 has more than one
controller partitions (e.g. two controller partitions 506a, 506b) and the data storage unit
504 has more than one memory partitions (e.g. two memory partitions 508a, 508b). The
number of controller partitions 506a, 506b of the controller 502 and the number of
memory partitions 508a, 508b of the data storage unit 504 are the same. Each memory
partition 508a, 508b of the data storage unit 504 is coupled to a corresponding controller
partition 506a, 506b of the controller 502. The two memory partitions 508a, 508b of the

data storage unit 504 have the same operational information pertaining to the
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predetermined component of the wind turbine 200 at which the data storage unit 504 is
arranged. The memory partitions 508a, 508b may be persistent memory that can be read
and modified by the corresponding controller partition 506a, 506b. The controller
partitions 506a, 506b of the controller 502 may provide power to the corresponding
memory partitions 508a, 508b of the data storage unit 504, and the memory partitions
508a, 508b of the data storage unit 504 may provide the operational information to the
corresponding controller partitions 506a, 506b of the controller.

[0084] In one embodiment, the controller 502 is fault tolerant as it has more than one
controller partitions 506a, 506b. If one of the controller partitions (e.g. controller partition
506a) fails, the other controller partition (e.g. controller partition 506b) can still receive
operational information from the corresponding memory partition (e.g. memory partition
508b). Similarly, as described above, the data storage unit 504 is fault tolerant as it has
more than one memory partitions 508a, 508b.

[0085] Figure 6 shows an exemplary controller 602 coupled to an exemplary data
storage unit 604 according to one embodiment. The controller 602 has more than one
controller partitions (e.g. four controller partitions 606a, 606b, 606¢c, 606d), and the data
storage unit 604 has more than one memory partitions (e.g. two memory partitions 608a,
608b). The number of controller partitions 606a, 606b, 606¢, 606d of the controller 602
and the number of memory partitions 608a, 608b of the data storage unit 604 are
different. The number of controller partitions 606a, 606b, 606¢c, 606d of the controller
602 is more than the number of memory partitions 608a, 608b of the data storage unit

604. The two memory partitions 608a, 608b of the data storage unit 604 have the same
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operational information pertaining to the predetermined component of the wind turbine
200 at which the data storage unit 604 is arranged.

[0086] As shown in Figure 6, the one controller partition 606a of the controller 602 is
coupled to a corresponding memory partition 608a of the data storage unit 604 and is
coupled to the other controller partition 606¢ of the same controller 602. The controller
partition 606b of the controller 602 is coupled to a corresponding memory partition 608b
of the data storage unit 604 and is coupled to the other controller partition 606d of the
same controller 602. The controller partitions 606a, 606b of the controller 602 may
provide power to the corresponding memory partitions 608a, 608b of the data storage unit
604, and the memory partitions 608a, 608b of the data storage unit 604 may provide the
operational information to the corresponding controller partitions 606a, 606b of the
controller 602. In one embodiment, the memory partitions 608a, 608b may be persistent
memory that can be read and modified by the corresponding controller partition 606a,
606b. The controller partitions 606a, 606b may provide the operational information to the
respective coupled controller partitions 606¢, 606d.

[0087] In one embodiment, as described above, the controller 602 is fault tolerant as
it has more than one controller partitions 606a, 606b, 606¢c, 606d. Similarly, as described
above, the data storage unit 604 is fault tolerant as it has more than one memory
partitions 608a, 608b.

[0088] The configurations of the controller and the data storage unit are not limited to
the embodiments as described above and as shown in Figures 3 to 6. Different

configurations can be used for the controller and the data storage unit.
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[0089] In one embodiment, the controllers used in a wind turbine may have the same
configuration. In another embodiment, the controllers used in a wind turbine may have
different configurations.

[0090] In one embodiment, the data storage units used in a wind turbine may have the
same configuration. In another embodiment, the data storage units used in a wind turbine
may have different configurations.

[0091] Further, the controller may have safety-related control functions and may be
considered as safety controller. As such, the controller may have safety-related
properties. Therefore, the controller may include safety and/or non-safety controller
partitions.

[0092] In one embodiment, all the controller partitions of the controller may be safety
controller partitions or non-safety partitions.

[0093] In another embodiment, some of the controller partitions of the controller may
be safety controller partitions and the remaining controller partitions of the controller
may be non-safety controller partitions. For example, referring to Figure 6, the controller
partitions 606a, 606b of the controller 602 may be safety controller partitions and the
controller partitions 606c, 606d of the controller 602 may be non-safety controller
partitions.

[0094] The safety controller partitions of the controller may perform control
functions relating to the safety of equipment or personnel, for example a shutdown of the
wind turbine if it detected that a converter is faulty or a personnel is inside the turbine.
The non-safety controller partitions of the controller may perform control functions

during normal operation.
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[0095] As such, the safety-related properties of the controller and of the memory
partition can allow them to be used in safety critical systems such as wind turbine
systems and wind power plant systems.

[0096] While embodiments of the invention have been particularly shown and
described with reference to specific embodiments, it should be understood by those
skilled in the art that various changes in form and detail may be made therein without
departing from the spirit and scope of the invention as defined by the appended claims.
The scope of the invention is thus indicated by the appended claims and all changes
which come within the meaning and range of equivalency of the claims are therefore

intended to be embraced.
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CLAIMS
What is claimed is:
1. A control system for a wind turbine or a wind power plant, the control system

comprising:

a plurality of controllers distributed in the wind turbine or the wind power plant;
and

a plurality of data storage units, each data storage unit being arranged at a
respective predetermined position in the wind turbine or the wind power plant and being
coupled to the controller arranged at the same position;

wherein each data storage unit comprises operational information pertaining to the
predetermined position in the wind turbine or the wind power plant, and

wherein each controller is configured to read the operational information of the
corresponding data storage unit and to determine its function from the operational

information.

2. The control system of claim 1,
wherein each controller is further configured to determine from the operational
information one or more components of the wind turbine or the wind power plant to

which it is coupled.

3. The control system of claims 1 or 2,
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wherein the operational information comprises one or more from a group
consisting of a wind power plant sub-system type, a variant of the wind power plant sub-
system, a position in the wind power plant sub-system, a series number of the wind
power plant sub-system, a wind turbine type, a variant of the wind turbine, a series
number of the wind turbine, a position in the wind turbine, a component type, a variant of
the component, a series number of the component, a configuration of the component, a

calibration parameter of the component, and information of the control system.

4. The control system of any one of claims 1 to 3,

further comprising at least one main controller coupled to the plurality of
controllers;

wherein the at least one main controller is configured to determine if the plurality
of controllers have the correct hardware and software configuration based on hardware
and software configuration information received from the plurality of controllers and the

operational information received from the corresponding data storage units.

5. The control system of claim 4,
wherein the at least one main controller is configured to transmit software to the
plurality of controllers according to the respective functions of the plurality of controllers

determined from the operational information of the corresponding data storage units.

6. The control system of claims 4 or 5,
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wherein the at least one main controller is further configured to prevent start-up of
the wind turbine or the wind power plant sub-system and to provide a warning signal
when it is determined that at least one of the plurality of controllers has one or both of the
wrong hardware configuration and the wrong software configuration, at least one of the
plurality of controllers is arranged at a wrong position in the wind turbine or the wind
power plant or at least one of the plurality of controllers receives the wrong operational

information from the corresponding data storage unit.

7. The control system of any one of claims 4 to 6,

wherein the at least one main controller is further configured to allow start-up of
the wind turbine or the wind power plant sub-system and provide a start-up signal when it
is determined that the plurality of controllers have the correct hardware and software
configuration, are arranged at the correct positions in the wind turbine or the wind power

plant, and receive the correct operational information from the corresponding data storage

units.
8. The control system of any one of claims 4 to 7,

further comprising at least one further main controller coupled to the plurality of
controllers;

wherein the at least one further main controller is configured to determine if
safety-related functions in the plurality of controllers are correct based on the hardware
and software configuration information received from the plurality of controllers and the

operational information received from the corresponding data storage units.



WO 2013/182197 PCT/DK2013/050169
30

9. The control system of claim 8.
wherein the at least one further main controller is configured to prevent start-up of
the wind turbine or the wind power plant when it is determined that the safety-related

functions in the controllers are incorrect.

10. The control system of any one of claims 1 to 9,

wherein each controller comprises at least one controller partition.

11. The control system of any one of claims 1 to 9,

wherein each data storage unit comprises at least one memory partition.

12. The control system of claim 11,
wherein the data storage unit comprises at least two memory partitions, and
wherein each memory partition of the data storage unit comprises the same

operational information.

13. The control system of claim 11 or 12,
wherein the controller comprises at least two controller partitions, and
wherein each memory partition of the data storage unit is coupled to a

corresponding controller partition of the controller.
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14. The control system of any claim 12 or 13,

wherein the number of controller partitions of the controller is more than the
number of memory partitions of the corresponding data storage unit;

wherein one controller partition of the controller is coupled to a corresponding
memory partition of the data storage unit and to the other controller partition of the same

controller.

15. The control system of claim 14,

wherein the controller partition of the controller is configured to transmit
operational information received from the corresponding memory partition of the data
storage unit and to transmit the received operational information to the other controller

partition.

16. The control system of claim 12 or 13,

wherein the number of controller partitions of the controller is less than the
number of memory partitions of the corresponding data storage unit;

wherein two or more memory partitions of the data storage unit are coupled to a

same controller partition of the controller.

17. The control system of any one of claims 1 to 16,

wherein each data storage unit comprises a readable code.

18. The control system of claim 17,
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wherein the readable code comprises a bar-code or a matrix bar-code.

19. The control system of any one of claims 1 to 18,

wherein each data storage unit is programmable by the corresponding controller.

20. The control system of any one of claims § to 19,
wherein the at least one main controller and the at least one further main

controller are coupled to the plurality of controllers via a communication network.

21. The control system of claim 20,
wherein some of the controllers are communication switches for transmitting

information in the communication network.

22. The control system of any one of claims 1 to 21,
wherein each data storage unit comprises safety-related properties in accordance

with the requirements of the control system.

23. The control system of any one of claims 8§ to 22,

wherein at least some of the data storage units data storage units are respectively

coupled to the at least one main controller and the at least one further main controller.

24. The control system of claim 23,
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further comprising a power plant controller coupled to one or more from a group
consisting of one or more of the plurality of controllers, the at least one main controller

and the at least one further main controller.

25. The control system of claim 24,

wherein the power plant controller is configured to transmit software to the one or
more from a group consisting of one or more of the plurality of controllers, the at least
one main controller and the at least one further main controller according to the
respective functions of the one or more from a group consisting of one or more of the
plurality of controllers, the at least one main controller and the at least one further main
controller determined from the operational information of the corresponding data storage

units.
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