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DESCRIPTION

[0001] The field of the invention relates generally to wind turbines and, more specifically, to
management systems used with wind turbines, including supervisory control and data
acquisition (SCADA) systems.

[0002] Wind turbine generators use wind energy to generate electricity and are becoming
increasingly more important in terms of a renewable source of generating electricity. A wind
turbine farm, that includes multiple wind turbines, is often managed by a SCADA system that
monitors data received from sensors coupled to the wind turbines. Known SCADA systems
calculate various parameters, such as 'lost production,' 'site power,' 'site wind speed,' and 'site
availability,’ based on the sensor data and using algorithms programmed into the SCADA
system. When an operator of the SCADA system wants to implement new formulas to calculate
additional parameters, or wants to modify the formulas programmed into the SCADA system,
generally new or replacement software must be installed while the SCADA system is in a non-
operating mode. Moreover, if an operator wanted to apply new or modified formulas to only a
specific wind turbine or group of wind turbines, updated software components often must be
installed as well. Because the SCADA system is non-functional while being upgraded with new
or replacement software that includes the new or modified formulas, the system is unable to
perform its SCADA functions and the wind turbine farm may be susceptible to damage
because of the lack of monitoring and control.

[0003] Various conventional systems are described by WO 01/77525 A1, WO 01/91279 A1,
BRINKLER V C ET AL: "APPLICATION OF SCADA FOR IMPROVED WIND FARM
PERFORMANCE - OPERATIONAL RESULTS", 1 January 1997 (1997-01-01), pages 421-426,
XP001012459, and VAN DER HOOFT E L ET AL: "Wind turbine control algorithms", 1
December 2003 (2003-12-01), pages 1-89, XP003008410.

[0004] Accordingly, the ability to add or modify the SCADA system while the system is
operating, without the need to update or replace the software could provide a competitive
advantage over systems that do not include such capabilities.

[0005] Various aspects and embodiments of the present invention are defined by the
appended claims.

[0006] Various aspects and embodiments of the present invention will now be described in
connection with the accompanying drawings, in which:

Figure 1 is a side perspective view of an exemplary wind turbine.

Figure 2 is a block diagram illustrating an exemplary SCADA system that includes a controller
for use in a wind formulary for monitoring an operating wind turbine.

Figure 3 is a block diagram illustrating an exemplary wind formulary system that may be used
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with the SCADA system shown in Figure 2.

Figure 4 is a flowchart of an exemplary method for use in monitoring an operating wind turbine.

[0007] Figure 1 is a side perspective view of an exemplary wind turbine 100. In the exemplary
embodiment, wind turbine 100 is a horizontal axis wind turbine generator. In an alternative
embodiment, wind turbine 100 may be a vertical axis wind turbine generator. As used herein,
the terms "wind turbine' and "wind turbine generator" are used interchangeably, and are
representative of any device that converts wind energy to electrical energy and, more
specifically, converts kinetic energy of wind into mechanical energy that generates electricity
using a generator. Wind turbine 100 includes a rotor 102 that includes a plurality of rotor
blades 104 coupled to a rotatable hub 106. Wind turbine 100 also includes a nacelle 107 that
houses a generator 108 therein and that is coupled to rotatable hub 106. In the exemplary
embodiment, rotor 102 includes three rotor blades 104. Alternatively, rotor 102 may include
any suitable number of rotor blades 104 that enables wind turbine 100 to function as described
herein. In the exemplary embodiment, generator 108 is coupled to a support tower 110 that
supports wind turbine 100 during operation. In the exemplary embodiment, wind turbine 100
includes a gearbox (not shown) that is rotatably coupled to rotatable hub 106 and generator
108.

[0008] In the exemplary embodiment, wind forces act upon rotor blades 104 causing rotor 102
to rotate about an axis 112 of generator 108 of wind turbine 100 and to generate electrical
power. In the exemplary embodiment, stresses created by the force of the wind upon rotor
blades 104, hub 106, generator portion 108, and support tower 110, as well as operational
parameters such as power output and temperature, are measured by sensors 204 (shown in
Figure 2) and/or determined by at least one programmable logic controller (PLC) 205, and the
resulting measured and/or determined operational data, is transmitted to a wind formulary
system 200 (shown in Figure 2).

[0009] Various technical effects of aspects and embodiments of the methods, systems, and
controller described herein include: at least one of receiving operational data and/or identifying
information; selecting a formula; determining at least one site level parameter, storing
operational data, identifying information, and/or determined parameters; and, outputting
operation data and/or determined parameters.

[0010] Figures 2 and 3 are block diagrams illustrating an exemplary wind formulary system for
use in monitoring an operating wind turbine 100 that includes identifying information to
uniquely identify each operating wind turbine 100. Figure 4 is a flowchart of an exemplary
method 400 for monitoring an operating wind turbine 100.

[0011] In the exemplary embodiment, as shown in Figure 2, wind formulary system 200
includes an exemplary controller 202 for use in monitoring an operating wind turbine 100 that
includes identifying information to uniquely identify each operating wind turbine 100. In the
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exemplary embodiment, wind formulary system controller 202 includes a memory storage unit
206 that stores information and data used by controller 202 to operate, to retrieve, and/or to
store operational data, identifying information, formulas, and/or site level parameters related to
wind turbine 100. In various embodiments, memory storage unit 206 may include internal
and/or external storage such as a hard drive, Read Only Memory (ROM), Random Access
Memory (RAM), or any other suitable device known to those skilled in the art and guided by the
teachings herein provided for performing the functions as described herein. As used herein,
the term "controller" refers to a central processing unit, a microprocessor, a microcontroller, a
microcomputer, a reduced instruction set circuit (RISC), an application specific integrated
circuit (ASIC), a programmable logic controller, and any other circuit, combination of circuits,
and devices known to one skilled in the art and guided by the teachings herein provided that is
capable of being used as described herein.

[0012] In the exemplary embodiment, controller 202 is communicatively coupled to at least
one operating wind turbine 100, to a server sub-system 208, and to a user interface device
210 that includes an input and an output. Moreover, in the exemplary embodiment, server sub-
system 208 includes a data storage unit 212 and a database unit 214. In one embodiment,
data storage unit 214 and database unit 214 receive data from controller 202, store the
received data, receive requests for stored data, and/or retrieve stored data in response to the
received requests. In an alternative embodiment, controller 202 is communicatively coupled to
a SCADA system which acquires the operational data from the at least one operating wind
turbine 100 and transmits the operational data to controller 202. Further, in the exemplary
embodiment, database unit 214 stores and retrieves data based on requests received from
controller 202 for data stored in one or more databases, such as in a historical data database
215, in an operational data database 216, and in a configuration and formula database 218
that includes configuration data and formulas for use with wind turbine 100. In the exemplary
embodiment, user interface device 210 outputs and receives data via a user output device 220
and a user input device 222 respectively.

[0013] Moreover, in the exemplary embodiment, controller 202 receives operational data from
operating wind turbine 100, wherein the operational data includes data from sensors 204
and/or PLC 205, such as measurements representative of the present operational status of
various components of wind turbine 100. In other embodiments, the operational data may
include, or be indicative of, temperature of various components of wind turbine 100, the power
output of generator 108, the stresses or forces acting upon various components of wind
turbine 100, and/or any other suitable measurements known to those skilled in the art and
guided by the teachings herein. Moreover, in the exemplary embodiment, controller 202
selects at least one formula that is based on the received operational data. For example,
controller 202 may select a predetermined formula from internal memory storage unit 206,
may select a formula via user interface 210, and/or may select a formula via server sub-system
208. In one embodiment, the formula is selected from at least one formula previously received
from a user via user input device 222. In an alternative embodiment, the formula may
automatically be selected based on the received operational. For example, controller 202 may
automatically select one formula for use during normal operations, and another formula for use
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during high temperature, high current, and/or high wind operations. Further, in this alternative
embodiment, controller 202 may automatically select a formula based on either a
predetermined trigger specified by an operator of controller 202, or controller 202 may
automatically select a formula based on analysis of the received operational data and/or data
contained in historical data database 215.

[0014] Upon selecting the formula, in the exemplary embodiment, controller 202 determines
at least one site level parameter based on received operational data, and transmits the
operational data and/or the formula to server sub-system 208. In an alternative embodiment,
controller 202 outputs the operational data and/or the at least one site level parameter via user
interface 210. In various alternative embodiments, user interface 210 outputs the operational
data and/or the at least one site level parameter via user output device 220 using at least one
of a visual display, a graphical user interface, a hardcopy device, and/or an audio device.
Moreover, in the exemplary embodiment, the selected formula may be applied, in real-time,
and used in determining the at least one site level parameter, thus enabling an operator of
wind formulary system 200 to create and/or modify the formulas being used to monitor and/or
analyze the operations of wind turbine 100 during operation of wind turbine 100 and in real-
time.

[0015] In the exemplary embodiment, selecting a formula via server sub-system 208 includes
transmitting operational data and/or wind turbine identifying information to server sub-system
208, transmitting a request to server sub-system 208 for at least one formula based on the
operational data and/or the identifying information, and receiving at least one formula from
server sub-system 208 in response to the request. Further, in addition to the operation of
controller 202 using operational data, in the exemplary embodiment, controller 202 also
transmits, to server sub-system, requests for historical data associated with wind turbine 100,
and receives historical data in response to such requests. Furthermore, in the exemplary
embodiment, controller 202 determines at least one site level parameter using the previously
selected formula, based on the received historical data, transmits the determined site level
parameter to server sub-system 208, and transmits the historical data, selected formula, and
the determined site level parameter to a user using user output device 220 via user interface
210.

[0016] In the exemplary embodiment, as shown in Figure 3, wind turbine management system
300 includes wind formulary system 200. Wind turbine management system 300 also includes
user interface device 210 that receives input from a user 302 via a graphical user interface 304
and that receives input from other than user 302 via user input device 222. In an alternative
embodiment, controller 202 is coupled to an external storage unit 306 for storage and retrieval
of operational data, identifying information, and/or formulas similar to the function of internal
storage unit 206. Moreover, in another alternative embodiment, wind turbine management
system 300 enables user 302 to amass a plurality of formulas for use in monitoring operating
wind turbine 100. User 302 may assign various formulas to each respective wind turbine 100 to
provide additional and/or different monitoring formulas and/or capabilities for each respective
wind turbine 100, as opposed to similar formulas across each respective wind turbine 100.
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Further, in another alternative embodiment, wind turbine management system 300 is
communicatively coupled to an operating wind turbine 308 that is located remotely from wind
turbine 100. In such an embodiment, the ability of wind turbine management system 300 to
monitor remote operating wind turbine 308 in the same manner as system 300 monitors local
operating wind turbine 100, enables an operator to monitor wind turbine farms, during
operation, that are remotely located from wind turbine management system 300. Such a
feature enables centralized monitoring of multiple disparate wind turbine farms, in such an
embodiment.

[0017] In the exemplary embodiment, as shown in Figure 4, method 400 includes receiving
402 operational data and/or identifying information from at least one operating wind turbine
100. It should be noted that the identifying information is used to uniquely identify each
respective wind turbine 100. The method also includes selecting 404 at least one formula
based on the received operational data and the identifying information, wherein the selecting
404 process includes selecting a predetermined formula, selecting a formula via user interface
device 304, and/or selecting a formula via server sub-system 208. Upon selecting 404 the
formula, in the exemplary embodiment, the method 400 also includes determining 406 at least
one site level parameter using the selected formula, and based on the operational data and/or
the identifying information, and storing 408 the operational data, the selected at least one
formula, the identifying information, and/or the determined at least one site level parameter via
server sub-system 208. Furthermore, in the exemplary embodiment, method 400 includes
outputting 410 the operational data, the selected at least one formula, and/or the determined
at least one site level parameter via user interface device 210.

[0018] In an alternative embodiment, to output 410 to a user, via user interface device 210,
the operational data, the selected at least one formula, the identifying information, and/or the
determined parameter is output 410 via a visual display, a graphical user interface, a hardcopy
device, an audio device, and/or any suitable output device known to those skilled in the art and
guided by the teachings herein provided for performing the functions as described herein. In
addition, in another alternative embodiment, selecting 404 a formula includes selecting a
formula received previously via user input device 222 of user interface device 210. Moreover,
in yet another alternative embodiment, selecting 404 a formula includes selecting a formula
that is based on historical data requested and received from server sub-system 208, wherein
the historical data includes operational data previously received from wind turbine 100 and/or
other similar devices.

[0019] Exemplary embodiments of a wind turbine formulary system and method for monitoring
an operating wind turbine using the system are described above in detail. The system, as
described herein, may be used to create, modify, and/or apply, the formulas used to monitor
wind turbines in real-time while the wind turbine is operating, rather than requiring the
monitoring system to be shutdown, reinstalled, or restarted during such a formula
change/update process. Moreover, the system provides methods to create and/or modify a set
of formulas that can be applied to historical data, i.e. previously collected and stored data, in
order to generate data intelligence reports from an operational and revenue point of view.
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Further, the formulas can be used to perform calculations on operational data received from
individual wind turbines as well as wind farms that include multiple wind turbines. Such a
system enables live real-time results of calculations using the formulas to be available to other
systems and provides a method to save the calculated data as historical data and for further
analysis to ease the operational variability in the power production from wind turbines and/or
wind farms. Further, the system, as described herein, may be used to monitor one or more
operating wind turbines used to drive mechanical loads as opposed to generating electricity,
and thus are not limited to practice with only the methods and systems as described herein.
Rather, the exemplary embodiment can be implemented and utilized in connection with many
wind turbine applications. Furthermore, the wind formulary system, as described herein, may
be operated independently of, or in cooperation with, a SCADA system.

[0020] It should be noted that various modifications and change can be made thereto without
departing from the broader spirit and scope of the invention. The specification and drawings
are, accordingly, to be regarded in an illustrative rather than a restrictive sense.

[0021] This written description uses examples to disclose the invention, including the
preferred mode, and also to enable any person skilled in the art to practice the invention,
including making and using any devices or systems and performing any incorporated methods.
The patentable scope of the invention is defined by the claims, and may include other
examples that occur to those skilled in the art. Such other examples are intended to be within
the scope of the claims if they have structural elements that do not differ from the literal
language of the claims, or if they include equivalent structural elements with insubstantial
differences form the literal language of the claims.
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Patentkrav

1. Kontroller (202) til anvendelse i overvagning af mindst en vindmglle i drift
(100,308), hvilken kontroller er kommunikativt koblet til den mindst ene
vindmglle i drift, til et server-undersystem (208), og til en brugerflade-indretning
(304), hvilken kontroller er konfigureret til:

at modtage driftsdata fra den mindst ene vindmglle i drift (100, 308);

kendetegnet ved, at navnte kontroller (202) er yderligere konfigureret
til:

at vaelge mindst en formel baseret pa det modtagne driftsdata, hvor

mindst en af en forudbestemt formel er valgt;

at bestemme mindst et site-niveauparameter (406) under

anvendelse af den mindst ene valgte formel; og,

at sende mindst et af driftsdata, den mindst ene valgte formel, og

det bestemte parameter til server-undersystemet (208).

2. Kontroller (202) ifglge krav 1, hvor naevnte kontroller (202) er yderligere
konfigureret til at outputte et eller flere af driftsdataet, den mindst ene valgte
formel, og det bestemte parameter til en bruger via naevnte brugerflade-
indretning (304).

3. Kontroller (202) ifglge et hvilket som helst af de foregdende krav, hvor navnte
brugerflade-indretning (304) outputter et eller flere af driftsdata, den mindst ene
valgte formel, og det bestemte parameter til en bruger via mindst et af et visuelt
display (220), en grafisk brugerflade, en udskrivningsindretning, og en
audioindretning.

4. Kontroller (202) ifglge et hvilket som helst af de foregaende krav, hvor at
veelge mindst en formel yderligere omfatter automatisk at veelge mindst en formel

baseret pa mindst et af det modtagne driftsdata og historisk data.
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2

5. Kontroller (202) ifglge et hvilket som helst af de foregdende krav, hvor naevnte
kontroller er yderligere konfigureret til:

at sende en anmodning om historisk data associeret med den mindst ene
vindmglle i drift (100,308) til server-undersystemet (208);

at modtage historisk data via server-undersystemet som respons pa

anmodningen;

at bestemme mindst et site-niveauparameter under anvendelse af den

mindst ene valgte formel baseret pa det historiske data;
at sende det bestemte parameter til server-undersystemet; og,

at outputte et eller flere af historisk data, den mindst ene valgte formel, og
det bestemte parameter via brugerflade-indretningen (304).

6. System (300) til anvendelse i overvagning af mindst en vindmglle i drift
(100,308), hvilket system er kommunikativt koblet til den mindst ene vindmglle i
drift og omfatter:

en brugerflade-indretning (304) konfigureret til at modtage input fra en
bruger (302) og at modtage input til at outputte til brugeren;

et server-undersystem (208) konfigureret til at respondere pa anmodninger
modtaget fra komponenter af navnte system; og,

kontroller (202) som defineret i et hvilket som helst af de foregdende krav
kommunikativt koblet til den mindst ene vindmglle i drift (100,308),
nzevnte brugerflade-indretning (304), og naevnte server-undersystem
(208).
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DRAWINGS
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