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A The wind field varies with time

mean wind speed turbulence
1 /

A The wind field varies over the rotof
I Wind shear
I Tower shadow
I Wind turbulence

A Induces loads on tower it
| At tower frequency steady wind profile

A Induces loads on the blades U
I At multiples of rotor speed Q
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A Size of wind turbines is increasing rapidly

A As size increases the impact of the tower and rotor fatigue
loads becomes greater

A Active regulation to reduce loads becomes more important
A Both tower and rotor loads can be reduced by pitch control

I Collective pitch for tower loads
I Individual pitch for rotor loads
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Regulation by tower feedback loop

rotor speed loop

tower feedback loop /

C Rotor speed pitch controller ¥ ref

G cwator  PitCh actuator ¥q

WT Wind turbine ¥
G,

T

Ref. generator speed

Generator speed

Tower head fore-aft speed

Tower speed controller
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Application of tower feedback loop to the 2mw
Supergen exemplar wind turbine
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x 10 Tower base fore-aft lifetime loads
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B s/so(Basic)
I siSO(Basic+TFL)

Equivalent load

Tower Load Reduction

Lifetime TowerLoads

Relative Damage
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Wind speed (m/s)

No TFL

7.2186e+06

4 4 6 6 8 81010121214141616181820202222 2424 -

Wind speed (m/s)

With TFL

6.7369e+06

6.67% Reductiog 2 wind seeds
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A The two feedback loops interact

A The design of the controllers for the two loops should be
coordinated

A A MIMO control approach is required
A But one that is compatible with the existing control structure

A The design of the rotor speed loop has the added objective
of reducing the tower loads

A Rotor speed control must not be compromised
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Co-ordinated controller structure

A Both pitch angle and generator torque is used to control
rotor speed

A Can be used with and without tower feedback loop
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Application of tower feedback loop to the 2mw
Supergen exemplar wind turbine

Cumulative spectra (Nm2)
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Equivalent load

Relative Damage
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Tower base fore-aft lifetime loads
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Tower Load Reduction

Lifetime Tower Loads
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Wind speed (m/s)

Coordinated controller | 6.7036e+04

7.13% Reductioni 2 wind seeds

Co-ordinated controller giving better load reduction than the

traditional TFL
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Spectra of blade pitch angles
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Coordinated controller reduces pitch activity without compromise in
the Generator speed loop performance
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Equivalent load

Relative Damage
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Lifetime Tower Loads
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10.86% ReductiorD‘ 2 wind seeds

Combining the two techniques provides further
tower load reduction
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A Co-ordinated control reduces tower loads

A In combination with the tower feedback loop it out-
performs the tower feedback loop on its own

A Speed control and power control are not compromised

A The pitch activity is reduced
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A Individual pitch control
A Used during above rated operation

A Has shown great potential to reduce asymmetric
loading on the rotor

A Mostly realised through the central controller
I Turbine specific and requires careful tuning

A Employs & axis transformation
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Individual pitch control
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Single Blade Control

A Each blade has its own pitch control system operating in
Isolation from central controller.

A Pitch demand from the central controller is adjusted by
the local controller.

A Structurally simple, easily implemented and tuned.

A Same reference supplied to each blade to alleviate rotor
Imbalance.
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A Each blade has its own pitch control system operating in
Isolation from central controller.

A Pitch demand from the central controller is adjusted by
the local controller.

A Structurally simple, easily implemented and tuned.

A Same reference supplied to each blade to alleviate rotor
Imbalance.
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A Applied
I Supergen Exemplar 2MW wind turbine
I Supergen Exemplar 2MW wind turbine

A Performance assessed for reduction
I Blade root bending moment
I Hub unbalanced load in rotating rotor frame
I Hub unbalanced loads in stationary frame

A Strong dependence of machine size
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5MW Supergen exemplar wind turbine
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Out-of-plane blade root bending moment
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5MW Supergen exemplar wind turbine
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5MW Supergen exemplar wind turbine
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Hub bending moment (nodding rotating coordinates)
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5MW Supergen exemplar wind turbine
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SMW Supergen exem

olar wind turbine

Blade 1l | Blade 1l | Blade2 | Blade 2 | Blade 3 | Blade 3
Mx My Mx My Mx My
1P D(%) 3.84 13.7 3.77 14.4 3.63 11.5
1P + 2P 3.61 15.8 3.65 171 3.47 14.3
D(%)
1P + 2P 4.32 22 4.43 24 3.76 21.9
all D(%)

Blade root bending moment reduction

Rotating Rotating Rotating
hub Mx hub My hub Mz
1P D(%) -0.41 23.94 24.28
1P + 2P -0.76 27.78 28.07
D(%)
1P + 2P -0.74 49.25 49.90
all D(%)

Hub moments (rotating) reduction

Tower Mx Tower My
1P D(%) -0.62 -1.43
1P + 2P 2.09 2.44
D(%)
1P + 2P 4.26 0.01
all D(%)

Tower moments

reduction
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Blade out-plane Equivalent Load
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Blade out-plane Lifetime Load

5MW Supergen exemplar wind turbine
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