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DESCRIPTION

[0001] The present invention is directed generally to wind turbines, and more particularly to a 
method for increasing energy capture and controlling the tip speed ratio and/or blade pitch of a 
wind turbine blade.

[0002] Recently, wind turbines have received increased attention as environmentally safe and 
relatively inexpensive alternative energy sources. With this growing interest, considerable 
efforts have been made to develop wind turbines that are reliable and efficient.

[0003] Generally, a wind turbine includes a rotor having multiple blades. The rotor is mounted 
to a housing or nacelle, which is positioned on top of a truss or tubular tower. Utility grade wind 
turbines (i.e., wind turbines designed to provide electrical power to a utility grid) can have large 
rotors (e.g., 30 or more meters in length). In addition, the wind turbines are typically mounted 
on towers that are at least 60 meters in height. Blades on these rotors transform wind energy 
into a rotational torque or force that drives one or more generators that may be rotationally 
coupled to the rotor through a gearbox. The gearbox steps up the inherently low rotational 
speed of the turbine rotor for the generator to efficiently convert mechanical energy to 
electrical energy, which is fed into a utility grid.

[0004] Wind turbine blades have continually increased in size in order to increase energy 
capture. However, as blades have increased in size, it has become increasingly more difficult 
to control optimum energy capture. As wind turbine blades grow larger, they undergo an 
increased aero-elastic response including deflection and twist when loaded that can negatively 
impact the energy capture. Additionally, turbine blades may be designed to have an aero- 
elastic response, with the twist of the blade dependent on the loading upon the blade. The 
blade loading is dependent on the wind speed, tip speed ratio (TSR) and/or pitch setting of the 
blade. TSR is the ratio of the rotational velocity of the blade tip to wind speed. It is important to 
optimize the operation of the wind turbine, including blade energy capture, to reduce the cost 
of the energy produced.

[0005] Therefore, what is needed is a method for operating a wind turbine that optimizes 
energy capture by controlling the TSR and blade pitch angle for the current operating 
condition.

[0006] The present invention is defined by the appended claims.

[0007] Various features and advantages of the present invention will be apparent from the 
following more detailed description of the preferred embodiment, taken in conjunction with the 
accompanying drawings which illustrate, by way of example, the principles of the invention, and 
in which:

FIG. 1 is an illustration of an exemplary configuration of a wind turbine.
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FIG. 2 is a cut-away perspective view of a nacelle of the exemplary wind turbine configuration 
shown in FIG. 1.

FIG. 3 is a block diagram of an exemplary configuration of a control system for the wind turbine 
configuration shown in FIG. 1.

FIG. 4 is a perspective view of a swept rotor blade having passive twist-bend coupling and two 
shear webs.

FIG. 5 is a comparison of the optimum tip speed ratio for a torsionally rigid blade and a 
torsionally compliant blade as a function of wind speed.

[0008] Referring to FIG. 1, an exemplary wind turbine 100 according to an embodiment of the 
present invention is disclosed. The wind turbine 100 includes a nacelle 102 mounted atop a tall 
tower 104, only a portion of which is shown in FIG. 1. Wind turbine 100 also comprises a wind 
turbine rotor 106 that includes one or more rotor blades 108 attached to a rotating hub 110. 
Although wind turbine 100 illustrated in FIG. 1 includes three rotor blades 108, there are no 
specific limits on the number of rotor blades 108 required by the present invention. The height 
of tower 104 is selected based upon factors and conditions known in the art.

[0009] In some configurations and referring to FIG. 2, various components are housed in 
nacelle 102 atop tower 104. One or more microcontrollers (not shown) are housed within 
control panel 112. The microcontrollers include hardware and software configured to provide a 
control system providing overall system monitoring and control, including pitch and speed 
regulation, high-speed shaft and yaw brake application, yaw and pump motor application and 
fault monitoring. In alternative embodiments of the disclosure, the control system may be a 
distributed control architecture not solely provided for by the control panel 112 as would be 
appreciated by one of ordinary skill in the art. The control system provides control signals to a 
variable blade pitch drive 114 to control the pitch of blades 108 (FIG. 1) that drive hub 110 as a 
result of wind. In some configurations, the pitches of blades 108 are individually controlled by 
blade pitch drive 114.

[0010] The drive train of the wind turbine includes a main rotor shaft 116 (also referred to as a 
"low speed shaft") connected to hub 110 and supported by a main bearing 130 and, at an 
opposite end of shaft 116, to a gear box 118. Gear box 118, in some configurations, utilizes a 
dual path geometry to drive an enclosed high speed shaft. The high speed shaft (not shown in 
FIG. 2) is used to drive generator 120, which is mounted on main frame 132. In some 
configurations, rotor torque is transmitted via coupling 122. Generator 120 may be of any 
suitable type, for example, a wound rotor induction generator.

[0011] Yaw drive 124 and yaw deck 126 provide a yaw orientation system for wind turbine 100. 
Anemometry provides information for the yaw orientation system, including measured 
instantaneous wind direction and wind speed at the wind turbine. Anemometry may be
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provided by a wind vane 128. In some configurations, the yaw system is mounted on a flange 
provided atop tower 104.

[0012] In some configurations and referring to FIG. 3, an exemplary control system 300 for 
wind turbine 100 includes a bus 302 or other communications device to communicate 
information. Processor(s) 304 are coupled to bus 302 to process information, including 
information from sensors configured to measure displacements or moments. Control system 
300 further includes random access memory (RAM) 306 and/or other storage device(s) 308. 
RAM 306 and storage device(s) 308 are coupled to bus 302 to store and transfer information 
and instructions to be executed by processor(s) 305. RAM 306 (and also storage device(s) 
308, if required) can also be used to store temporary variables or other intermediate 
information during execution of instructions by processor(s) 305. Control system 300 can also 
include read only memory (ROM) and or other static storage device 310, which is coupled to 
bus 302 to store and provide static (i.e., non-changing) information and instructions to 
processor(s) 304. Input/output device(s) 312 can include any device known in the art to 
provide input data to control system 300 and to provide yaw control and pitch control outputs. 
Instructions are provided to memory from a storage device, such as magnetic disk, a read-only 
memory (ROM) integrated circuit, CD-ROM, DVD, via a remote connection that is either wired 
or wireless providing access to one or more electronically-accessible media, etc. In some 
embodiments, hard-wired circuitry can be used in place of or in combination with software 
instructions. Thus, execution of sequences of instructions is not limited to any specific 
combination of hardware circuitry and software instructions. Sensor interface 314 is an 
interface that allows control system 300 to communicate with one or more sensors. Sensor 
interface 314 can be or can comprise, for example, one or more analog-to-digital converters 
that convert analog signals into digital signals that can be used by processor(s) 304.

[0013] A method and system for controlling a wind turbine having twist bend coupled rotor 
blades on a rotor mechanically coupled to a generator includes determining a speed of a rotor 
blade tip of the wind turbine, measuring a current twist distribution and current blade loading, 
and adjusting a torque of a generator to change the speed of the rotor blade tip to thereby 
increase and energy capture power coefficient of the wind turbine is disclosed in U.S. Patent 
7,118,338 B2, which is hereby incorporated by reference in the entirety.

[0014] In some configurations of embodiments of the present invention, an aero-elastic blade 
is provided that changes its aerodynamic twist as it is loaded. For example and referring to 
FIG. 1 and FIG. 4, a rotor blade 108 is provided having a passive aero-elastic response and 
one or more shear webs (for example, two shear webs 404 and 406). An optimum pitch setting 
for maximum energy capture varies in wind turbines 100 having blades 108 with an aero- 
elastic response. However, to avoid loss of energy capture, the tip speed ratio and blade pitch 
angle are tracked and varied for maximum or at least favorable power coefficient by adjusting 
rotor 106 speed (i.e., rotation rate) and blade pitch angle through actuators 114. In some 
configurations, this adjustment is made by using optical sensors (not shown) or any other 
suitable sensors to measure rotational speed as rotor 106 rotates.
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[0015] In some configurations, hub rotational speed is known from an encoder on a high 
speed shaft connected to the aft end of the generator, and blade length, which is know, is used 
to determine tip speed. This tip speed data is received by control system 300, which utilizes a 
table or equation that relates generator 120 torque to an optimum or at least favorable tip 
speed ratio (TSR), which is the ratio of rotational speed of the blade tip to wind velocity, for the 
current twist distribution occurring at the current blade loading. The equation or table can be 
empirically determined or calculated using known physical laws. Control system 300 controls 
generator 120 torque in accordance to the equation or table to produce a rotor 106 speed that 
provides the optimum or at least a favorable power coefficient. This technique can be used to 
augment a below-rated pitch schedule or used alone to restore energy capture to levels closer 
to the entitlement associated with an uncoupled blade.

[0016] In order to maintain the optimum power production and improve energy capture, a 
different TSR and/or pitch setting is required throughout the variable speed region of the power 
curve below rated wind speed as shown in Fig. 5. As can be seen in Fig. 5, tracking a variable 
TSR and pitch setting below rated wind allows the turbine to operate at a point that minimizes 
the impact of the deflection and twist that the blade undergoes during operation.

[0017] For standard turbine operation, with blades that undergo minimum aero-elastic 
deformation, only one TSR may be tracked at a selected pitch setting to maintain a maximum 
power coefficient. The rotational speed of the wind turbine rotor is measured and the torque of 
the generator is adjusted to maintain efficient energy capture of the wind turbine. The 
rotational speed of the wind turbine may be measured at the blade, hub, or shaft as would be 
appreciated by one of ordinary skill in the art.

[0018] For a turbine equipped with blades that undergo an aero-elastic response, the pitch 
setting and TSR for maximum energy capture varies with wind speed and resulting blade 
loading. To maintain optimum energy capture, the pitch angle of the blades and the torque of 
the generator are varied for the current turbine operating condition to provide the optimum or 
at least favorable energy capture. The control system controls the generator torque and pitch 
setting in accordance to an equation or table relating generator torque and blade pitch to 
rotational speed, which results in turbine operation at the optimum or at least favorable power 
coefficient. This technique can be used to define the below-rated pitch and torque schedule. 
The method could similarly be accomplished through measurements of wind speed, blade 
loading, and/or power, for example by measuring the wind speed and setting the desired blade 
pitch and generator torque.

[0019] While the invention has been described with reference to a preferred embodiment, it will 
be understood by those skilled in the art that various changes may be made and equivalents 
may be substituted for elements thereof without departing from the scope of the invention. In 
addition, many modifications may be made to adapt a particular situation or material to the 
teachings of the invention without departing from the essential scope thereof. Therefore, it is 
intended that the invention not be limited to the particular embodiment disclosed as the best 
mode contemplated for carrying out this invention, but that the invention will include all
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embodiments falling within the scope of the appended claims.

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader's convenience only. It does not 
form part of the European patent document. Even though great care has been taken in 
compiling the references, errors or omissions cannot be excluded and the EPO disclaims all 
liability in this regard.

Patent documents cited in the description

• US7118338B2 [0013]
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KRAV

1. Fremgangsmåde til styring af en vindmølle (100), der har vridningskompatible vinger (eng. 

torsionally compliant blades) (108), hvorved en aerodynamisk twist af vingerne ændres, når vingerne

5 er belastet, idet vingerne driver en rotor (110), der er mekanisk koblet til en generator (120), idet 

de vridningskompatible vinger har en induceret twist større end en grad ved eller under nominel 

effekt, hvilken fremgangsmåde omfatter:

måling af enten en rotationshastighed for vindmøllen (100) eller effekten frembragt af 

10 vindmøllen (100); og

justering af en vinge-pitch baseret på enten den målte rotationshastighed eller den målte 

effekt, der genereres af vindmøllen for at øge energiopsamlingen af vindmøllen.

2. Fremgangsmåde ifølge krav 1, der yderligere omfatter:

15 ved hjælp af en tabel eller en ligning, der relaterer et spidshastighedsforhold for en aktuel twist­

fordeling og aktuel vinge (108) belastning, til et hvilket som helst af generatormoment, vinge-pitch, 

effekt eller en hvilken som helst kombination deraf for at justere vinge-pitchen.

3. Fremgangsmåde ifølge et hvilket som helst af de foregående krav, der yderligere omfatter:

20 anvendelse af en tabel eller en ligning, der relaterer rotationshastighed for en aktuel twist-fordeling 

og aktuel vinge (108) belastning, til et hvilket som helst af generatormoment, vinge-pitch, effekt 

eller en hvilken som helst kombination deraf for at justere vinge-pitchen.
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DRAWINGS

FIG. 1
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FIG. 4
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FIG. 5


