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DESCRIPTION

[0001] The invention relates to a wind turbine control system with at least a first and a second control unit coupled to each other
over a first network.

[0002] When operating wind turbines, for instance in complex arrangements such as wind turbine parks, it is desirable to ensure
a maximum of error-free operation. Thus, down times due to system faults need to be minimized, and also the time and effort
necessary for maintenance and repair is to be kept as low as possible.

[0003] For ensuring error-free operation, systems designed according to the safe-life-approach are known in the art, for
instance in aircraft design. Here, each particular component in the system is provided with a guaranteed life-time, after which the
respective component is to be exchanged - the guaranteed life-time of a component being much lower than its actual life-time.
While this approach provides for a very high reliability when the system is used, it requires a significant amount of maintenance,
and thus, downtime. When, however, trying to reduce maintenance efforts, for instance by providing the system components with
the highest possible life-time, the components need to be even further overdimensioned, so that the overall technical effort
remains very high.

[0004] Another approach is known from published patent application US 2006/0100748 A1. Here a number of sensor/actor units
is integrated with its respective control unit, so that the overall wind turbine control is modularized and each module is tightly
coupled to its respective functional group. Consequently, when a first sensor/actor/control module becomes defective (or
obsolete), it can be exchanged (or updated) without having to touch the remaining sensor/actor/control modules. Further, such a
solution provides fail-safety features in view of fault isolation and fault containment. Regarding fault isolation, such a
modularization enables proper identification of the faulty control module. Regarding fault containment, it potentially inhibits a
control module failure (for instance, an electrical failure) from affecting further modules. A specific module of a first vendor could
generally be exchanged for one of another vendor, without having to alter the remaining modules.

[0005] However, due to the functional separation of such a control system, much technical effort is spent on redundant features
which are necessary in each of the modules, without significantly profiting from that redundancy in terms of increased fault
tolerance. For instance, signal processing means in module A may be of the same type as in module B, however, the signal
processing means of module B can not take over the signal processing of module Ain case module Afails. Moreover, in order to
achieve a maximum of uninterrupted uptime, each of the modules associated to the various functions have to be dimensioned to
provide a high life-time, resulting in high cost and technical effort.

[0006] US 2005/194787 A1 describes a control system for a wind power plant with a power split gear and a hydrodynamic
Fottinger speed transformer. The object mentioned in this document is to provide a control system for a wind power plant which
allows the operation of a speed-constant, mains-coupled generator in conjunction with an efficiency-optimized speed guidance of
the wind turbine rotor for the partial load range. In order to achieve this object, the power plant needs to be composed of at least
three control levels. The first control level consists of the wind rotor and the mains-coupled generator, which are coupled via a
drive train. This represents a combination of a power split gear and a hydrodynamic Fottinger speed transformer. The second
control level comprises a controller for the rotor blade position, a

controller for the position of the reaction member of the hydrodynamic speed controller and a controller for the power electronics
of the generator. The third control level is assigned the task to control the selection of the controllers of the second control level
depending on the different operating ranges and operating states and to determine their weighting or respective graduated
transition. Moreover, the third control level determines the setpoint values, the operating points and preferably also the controller
settings for the second control level.

[0007] US 2005/0090937 A1 describes a combination master-slave supervisory command and data acquisition (SCADA)
architecture together with distributed data bases local to the data producing device within a wind farm. The combination provides
functionality for real time monitoring and control as well as secondary data processing and/or remote user access.

[0008] HSIUNG CHENG LIN "Web-based remote online maximum wind power monitoring and control system" in Computer
Applications and Engineering education, vol. 15, No. 2, 2004, July 2007 (2007-07-24), pages 155 to 165, XP 002498131
describes a PC-based virtual instrument that can carry out an online maximum wind power tracking.

[0009] WO 2004/114493 A describes a controlled system with function modules and a parallel module, where the parallel module
can be integrated instead of a defective one of the function modules.
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[0010] EP 1 752 660 A1 describes a wind turbine over voltage protection. This document describes a central control unit that
coordinates the operation of various wind turbine components by reading parameters from and issuing commands to the
respective wind turbine components.

[0011] It is therefore an object of the present invention to provide a wind turbine control system that provides improved stability
upon failure of control components while enabling to reduce the maintenance frequency in a technically economical manner.

[0012] This object is achieved by the subject of claim 1.

[0013] The invention according to claim 1 teaches a wind turbine control system with at least a first and a second control unit
coupled to each other over a first network, characterized in that the first control unit is configured as a critical control unit,
comprising a first set of functions comprising critical control functions for the operation of a wind turbine; the second control unit is
configured as a secondary control unit, comprising a second set of functions comprising non-critical control functions and data
management functions.

[0014] By concentrating the critical control functions at the critical control unit, the overall probability of harmful system failure is
reduced as compared to systems where each of a plurality of control modules comprises functions that are critical to the wind
turbine. Such critical functions may comprise functions that are necessary to avoid mechanical or electrical damages to the wind
turbine or elementary user interface functions for influencing the wind turbine by an operator.

[0015] By concentrating, at the same time, non-critical control functions to a second control unit, it is provided to keep the critical
control unit as free as possible from computational load of non-critical processes. First, the risk of a non-critical process
interfering with a critical process and thereby causing a failure of the critical control functions is thus minimized. Second,
computational capacity of the critical unit, which may run on a high-reliability subsystem and thus may be more expensive, is
saved. Examples of such non-critical functions that, however, produce high computational load are the logging of measurement
data, or providing advanced user-interface functions such as through a web server.

[0016] Moreover, with the present invention, redundant technical components that do not significantly serve to improve system
reliability are avoided.

[0017] The invention can be embodied according to the features provided in the dependent claims.

[0018] In an embodiment, the mean time between failures of the first control unit is larger than the mean time between failures of
the second control unit, thus making use of the technically efficient concentration of critical functions to the first control unit. While
particularly reliable hard- and software may be used for the first unit, universal-purpose standard computing platforms, for
instance for embedded systems, may be used for the second unit.

[0019] Further, control functions of the first set may also be redundantly included in the second set, to provide graceful
degradation within the overall control system.

[0020] In an embodiment, the first control unit is configured to satisfy real-time conditions. This may include using a real-time
operating system and using appropriate software and hardware components to provide the critical control functions.

[0021] In order to avoid the use of rotating parts or parts that are subject to mechanical wear in another respect, the first control
unit can be embodied to comprise a solid-state data store and may be configured to use the solid-state data store as a mass data
storage. Such solid-state data store may comprise a solid state disc and/or a compact flash card.

[0022] In an embodiment, the data management functions comprise logging and/or retrieving data collected from the first control
unit. Further, the second set of functions to be provided by the second control unit may comprise user interface functions, such
as servicing hypertext transfer protocol requests by a web server. In contrast to the basic user interface functions embodied in the
critical control unit, the user interface functions embodied in the second unit are more advanced and provide further data access
and analysis in a conveniently accessible form.

[0023] For providing access to components that are external to the control system and its interface to the wind turbine, the
second control unit may be coupled to a second network. Thus, a failure in the second network does not afflict communication on
the first network. To even reduce the risk of failures in the second network, it can be embodied as an optical communication
network. The second network can comprise a local area network and/or a wide area network and/or at least one virtual local area
network.



DK/EP 2080903 T3

[0024] If the the first control unit is coupled to the second network as well and the critical control functions comprise providing an
interface for operating the turbine, a redundant user access point is provided through which an external operator or control
system can influence the wind turbine.

[0025] Generally, the critical control functions can comprise one or more of the following functions:

¢ execute critical application software for controlling the wind turbine;
e communicate with sensors/actors of the wind turbine;

e provide measurement data over an interface;

¢ act as a controller device in the first network.

[0026] In order to meet real-time requirements on the network communication level as well, the first and/or second network may

comprise a process data network

[0027] The invention and its embodiments are explained in more detail below, using the following figures:

Fig. 1
shows a schematic overview of an embodiment of the invention, and
Fig. 2
shows a schematic overview of the system environment in which the embodiment is deployed.

[0028] Figure 1 shows a schematic overview of an embodiment of the proposed wind turbine control system. A critical control unit
10 comprises a set of critical control functions 12, a solid state disk 14 as mass storage and operates on a real-time system
platform 16 comprised in the unit. Critical control unit 10 is connected to secondary control unit 20 via process data network 30.
Secondary control unit 20 comprises a set of non-critical control functions 22, a computer hard disk 24 as mass storage and a
standard embedded system platform 26.

[0029] VO stations 32, 32', 32" are connected to process data network 30 to communicate to critical control unit 10 and
secondary control unit 20. These I/O stations may be different kinds of passive distributed I/O stations (e.g. standard digital and
analog I/O), or intelligent units performing special functions (e.g. grid monitoring or pitch control). For example, two possible
custom designed units may be present among the I/O stations, namely a hub computer and a G-sensor module (accelerometer
module). The hub computer would be present to be able to interface to the pitch system of the wind turbine's rotor. The G-sensor
would, for example, be included on the hub computer to provide additional signals used in the pitch system. Such signals would
represent motions of the wind turbine's tower. Alternatively to putting the G-sensor in the hub, the G-sensor could be placed in
the nacelle or the tower. Further possible I/O stations may be a grid measuring and controlling module, a converter complising a
generator inverter and a grid inverter, etc. Both critical control unit 10 and secondary control unit 20 are further connected to
external network 40.

[0030] Ciritical control unit 10 performs all control functions that are critical to the operation of the turbine. This particularly
comprises such functions that prevent damage to the otherwise uncontrolled turbine. The critical control unit runs application
software that is considered to be of primary importance for wind turbine operation, performs the actual controlling via distributed
/O stations 32, 32, 32" and possibly further distributed intelligent control units, provides a primary interface for influencing the
wind turbine by an external operator or other system components over networks 30 and/or 40, provides an interface for providing
measurement data (and other) to other system components over networks 30 and/or 40, and acts as a controller device (master
device) in the process data network 30.

[0031] The critical control unit uses flash-based memory 14 as a mass storage device, such as a Compact Flash-card or any
type of solid state disk. Optionally, it may be equipped with a redundant array of independent disks (RAID). The real-time system
platform 16 is based on an Intel processor with corresponding BIOS-operated main board architecture in connection with a real-
time operating system such as the QNX system. In order to connect to process data network 30, control unit 10 is equipped with a
PROFINET IRT controller. Further, an Ethernet controller located in the unit serves to connect to external network 40. Heat-
generating elements in the unit are passively cooled in order to fully avoid the use of moving or rotating parts in the system.

[0032] Thus, the reliability of critical control unit 10 is enhanced by avoiding mechanical wear, and at the same time,
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concentrating all critical control functions in this unit while keeping it free from secondary control functions and secondary
software applications, and the unit is enabled to match the real-time requirements induced by its control tasks. Due to the focus of
functionality provided in this unit, its reliability can be enhanced in a particularly effective manner by using parts with greater
guaranteed life time only for critical functions.

[0033] Secondary control unit 20, on the other hand, uses relatively inexpensive processor and mass-storage devices (for
instance, RAID), so that comparatively large calculating capacity can be provided at low cost. Secondary control unit 20 can
further run a variety of secondary software applications without the risk of interfering with critical control functions, or overloading
the critical control unit. In order to reduce the negative effects of vibrations in the wind turbine setting, the secondary control unit
20 can be located at the tower base of a wind turbine. As embedded platform, Windows XP Embedded can be used on a standard
Intel architecture. Secondary control unit 20 can provide data management functions such as collecting data from critical control
unit 10 and storing, retrieving and processing them, as well as advanced user interface functions through a web server.

[0034] If certain critical functions of the critical control unit 10 are embodied in secondary control unit 20 as well, so that the
secondary control unit can take over certain critical functions in case of failure of the critical control unit, the system provides
additional fault-tolerance and graceful degradation.

[0035] Internal network 30 is an industrial standard processing network (field bus) and is of high bandwidth, so that the life span
of the network is not compromised due to bandwidth resources becoming too small. Industrial standard components used
throughout the present embodiments can be maintained relatively quickly and easily. Further, the field bus system may interface
to other field bus systems via bus couplers, so that a high degree of scalability is achieved. Internal network 30 provides the
bandwidth to carry the total system busload while providing real-time capabilities. In configurations where critical control functions
are not embodied in the secondary unit as well, for providing fault tolerant takeover, it is sufficient to only connect critical control
unit 10 with the /O stations. Where such takeover is implemented, secondary unit 20 is connected to the process network as well.

[0036] /O stations 32, 32', 32" provide interfaces with transducers and actuators in the wind turbine. In the system, different
types of I/O stations can be used, depending on the particular needs of interfacing with the respective sensor/actor.

[0037] External network 40 is an Ethernet network and provides external access to wind turbine control system and other
components within the wind turbine. The external network may extend across an entire wind turbine park and can be of any
network topology. Since both critical control unit 10 and secondary control unit 20 are connected to the external network, a
redundant network access point is provided, so that both of the control units can always be reached, also in case one of the
control units fails. By separating the external network from the internal network, errors in one of the networks will not propagate
through the entire system and will thus not adversely effect components in the other network. For instance, high network traffic on
the external network will not congest the internal network. External network can be implemented as an optical Ethernet, so that a
reliable and economical connection is provided which is immune to electrical influence, such as lightning.

[0038] Figure 2 shows a schematic overview of the system environment in which the embodiment is deployed. Reference
numerals identical to those in figure 1 refer to identical elements. Thus, critical control unit 10, secondary control unit 20, /O
stations 32 and 32' are connected via internal process network 30, and critical control unit 10 and secondary control unit 20 both
are connected to external network 40, as shown in figure 1. Control units 10 and 20, as well as I/O station 32, are located at the
wind turbine tower base, while I/O station 32' is located at the wind turbine nacelle.

[0039] External network 40 comprises a first portion to connect the control units as well as IP Phone 52, TCM Server 54 (TCM:
Wind Turbine Condtion Monitoring Sytem), and customer units 56 and 58 with a virtual local area network (VLAN) switch 50. The
VLAN switch serves to separate the network traffic into a number of logically independent networks, so that network security and
performance are enhanced. VLAN switch 50 is connected to VLAN switch 60 over a second portion of the external network, i.e.
wind farm network 65. A third portion of the external network is embodied by outside connecting networks 67, which may comprise
internet, customer intranets, and non-real time administrative networks of the wind turbine park, respectively used to connect the
wind turbine devices to customer site 62, system operator site 64, wind turbine park server 66, and wind turbine park pilot 68.

[0040] The embodiment described herein thus provides a fail-safe and fault-tolerant wind turbine control system that ensures
safe and fast operation and which is, at the same time, easy to maintain, upgrade and upscale. It provides for easy connection to
internal and external controllers and devices.
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Patentkrav

1. Vindmgllestyresystem til anbringelse i en vindmeglle med mindst en farste
(10) styreenhed omfattende et farste saet af funktioner (12) og en anden (20)
styreenhed omfattende et andet seet af funktioner (22), hvor den ferste (10)
styreenhed og den anden (20) styreenhed er koblet til hinanden over et for-
ste netveerk (30), kendetegnet ved, at

- den fgrste styreenhed (10) er en kritisk styreenhed, i hvilken kritiske styre-
funktioner til driften af en vindmglle er koncentrerede og indeholdt i det fgrste
seet af funktioner (12), hvor de kritiske styrefunktioner omfatter funktioner, der
er ngdvendige for at undga mekaniske eller elektriske skader pa den ellers
ikke-styrede vindmaglle;

- den anden styreenhed er (20) en sekundeer styreenhed, i hvilken ikke-
kritiske styrefunktioner til driften af en vindmelle og datastyringsfunktioner er
koncentrerede og indeholdt i det andet saet af funktioner (20).

2. System ifglge krav 1, kendetegnet ved, at den gennemsnitlige tid mellem
fejl i den farste styreenhed er laengere end den gennemsnitlige tid mellem fejl
I den anden styreenhed.

3. System ifalge krav 1 eller 2, kendetegnet ved, at den forste styreenhed er
konfigureret til at opfylde realtidsbetingelser.

4. System ifolge et hvilket som helst af kravene 1 til 3, kendetegnet ved, at
den farste styreenhed omfatter et realtidsoperativsystem (16).

5. System ifglge et hvilket som helst af kravene 1 til 4, kendetegnet ved, at
den fgrste styreenhed omfatter et solid state-datalager (14) og er konfigureret
til at anvende solid state-datalageret som et massedatalager.

6. System ifglge krav 5, kendetegnet ved, at solid state-datalageret omfatter
en solid state disk og/eller et compact flash-kort.

7. System ifglge et hvilket som helst af kravene 1 til 6, kendetegnet ved, at
datastyringsfunktionerne omfatter logging og/eller hentning af data indsamlet
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fra den farste styreenhed.

8. System ifglge et hvilket som helst af kravene 1 til 7, kendetegnet ved, at
det andet seet af funktioner omfatter brugergraensefladefunktioner.

9. System ifglge krav 8, kendetegnet ved, at brugergreensefladefunktioner-
ne omfatter servicering af hypertext transfer protocol-anmodninger.

10. System ifglge et hvilket som helst af kravene 1 til 9, kendetegnet ved, at
den anden styreenhed er koblet til et andet netvaerk (40).

11. System ifglge krav 10, kendetegnet ved, at det andet netveerk er et op-
tisk kommunikationsnetvaerk.

12. System ifglge krav 10 eller 11, kendetegnet ved, at det andet netveerk
omfatter et Local Area Network og/eller et Wide Area Network og/eller mindst
et virtuelt LAN.

13. System ifglge et hvilket som helst af kravene 10 til 12, kendetegnet ved,
at den forste styreenhed er koblet til det andet netveerk, og de kritiske styre-
funktioner omfatter tilvejebringelse af en graenseflade til drift af vindmellen.

14. System ifglge et hvilket som helst af kravene 1 til 13, kendetegnet ved,
at de kritiske styrefunktioner omfatter en eller flere af fglgende funktioner:

- at kare kritisk applikationssoftware til styring af vindmgllen;

- at kommunikere med vindmagllens sensorer og/eller aktuatorer;

- at tilvejebringe maledata over en greenseflade;

- at fungere som en styringsindretning i det farste netvaerk.

15. System ifelge et hvilket som helst af kravene 1 til 14, kendetegnet ved,
at det fgrste og/eller andet netvaerk omfatter et procesdatanetveerk.
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