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Abstract

In this study, we propose a peak shaving method for reducing aerodynamic loads in a
pitch-controlled 20 MW class horizontal-axis wind turbine. The wind turbine rotor experiences
maximum aerodynamic loads at the rated wind speed, and minimizing these loads is crucial for
structural integrity and levelized cost of energy (LCoE) reduction. The peak shaving method
involves additional pitch or rpm control near the rated wind speed to reduce these peak loads.
Various cases of the peak shaving method were compared using the comprehensive wind
turbine aeroelastic analysis code, FAST. We focused on analyzing the impact on aerodynamic,
inertial, and gravitational loads, particularly rotor thrust and flap-wise bending moment, and
investigated changes in the P-V curve. The variations in annual energy production due to
changes in the P-V curve were estimated, and a comparative analysis was conducted from the
LCoE perspective. The results demonstrate that the peak shaving method effectively reduces
aerodynamic loads on the wind turbine, offering improved performance and cost benefits,
thereby promoting sustainable wind energy production.

Keywords: 3 F+42}(Peak shaving), 1] 2] AJo](Pitch control), 20 MW & B = FHH
Z E](20 MW class horizontal axis wind turbine rotor), 52 (Thrust), || = 2] 2

UoF =% ZH E(Flapwise bending moment at the blade root), =3 =14 (Power curve),
F 2F A2 Annual energy production)
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Fig. 1 Geometry and performance curves for 20 MW class horizontal axis wind turbine rotor
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Table 1 Airfoil distribution of 20 MW class horizontal axis wind turbine rotor

/R [-] Airfoil Thickness ratio [-]
0.046 Cylinder 1.00
0.089 Cylinder 1.00
0.132 Cylinder 1.00
0.187 DU99 W 405LM 0.40
0.252 DU99 350 0.35
0.317 DU99 350 0.35
0.382 DU97_W 300 0.30
0.447 DU97_W_300 0.30
0.512 DU97_ W 300 0.30
0.577 DU91_W2 250 0.25
0.642 DU91_W2 250 0.25
0.707 DU91 W2 250 0.25
0.772 DU93 W 210LM 0.21
0.837 DU93 W 210LM 0.21
0.892 DU93 W 210LM 0.21
0.935 DU93 W 210LM 0.21
0.978 DU93 W 210LM 0.21

Table 2 Specification of 20 MW class horizontal axis wind turbine rotor

Description Value
Rated aerodynamic power at rotor [MW] 21.3
Number of blade 3
Blade length [m] 151.62
Rated wind speed [m/s] 10
Design tip speed ratio 8.86
Max power coefficient 0.493
Design Axial induction factor 0.333

3. Peak shaving method

A S B AZE TA Y] B A 17|, SAEE Ao} AAA ] Alo1E Fdfl ste-& AAske
HhHo|ct, o= Bajofx o] ZaiueF 3] U E (flapwise bending moment) = EFY E& 5-2] a3fjoF
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Fig. 2 Rotor thrust - V curve for 20 MW horizontal axis wind  Fig. 3 Blade root bending moment - V curve for 20 MW

turbine rotor horizontal axis wind turbine rotor
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Table 3 Blade pitch angle and rotor RPM for Case_P, Case_R

\Y4 W/O peak shaving Case P 1 Case P 2 Case P 3 Case R 1 Case R 2 Case R 3
[m/s]  Pitch [deg] RPM Pitch [deg]  Pitch [deg]  Pitch [deg] RPM RPM RPM
7.0 0 3.91 0 0 0 3.91 3.91 3.91
8.5 0 4.74 0 0 0 4.74 4.74 4.74
9.0 0 5.02 0.96 0 0 4.88 5.02 5.02
9.5 0 5.30 1.91 1.14 0 5.02 5.16 5.30
10 0 5.58 2.87 2.29 1.58 5.16 5.30 5.44
10.5 3.15 5.58 3.82 3.43 3.15 5.30 5.44 5.58
11 4.57 5.58 4.78 4.57 4.57 5.44 5.58 5.58
11.5 5.73 5.58 5.73 5.73 5.73 5.58 5.58 5.58
13 8.44 5.58 8.44 8.44 8.44 5.58 5.58 5.58
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Fig. 4 Peak shaving using pitch control Fig. 5 Peak shaving using RPM control
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Fig. 7 Peak shaving method with various RPM controls

Table 4 variations of aerodynamic load and AEP according to various peak shaving control strategies

V=10m/s Vzl/lgv‘i’ﬁgk Case P 1 Case P2 Case P3| Case R 1 Case R2 Case R 3
Power [MW] 20.00 17.80 18.54 19.27 19.72 19.84 19.94
Power decrease rate [%] - 10.93 7.23 3.56 1.34 0.72 0.26
Thrust [MN] 471 3.90 4.08 429 4.52 4.59 4.65
Thrust decrease rate [%] - 17.19 13.44 8.96 3.97 2.56 1.23
Blade root bending moment [MNm]  130.69 103.10 109.10 116.30 122.47 125.38 128.01
Moemnt decreas rate [%] - 21.11 16.52 11.01 6.29 4.06 2.05
AEP at V. =7 m/s [GWh] 73.91 72.55 73.28 73.71 73.72 73.83 73.89
AEP decrease rate [%o] - 1.83 0.85 0.27 0.25 0.10 0.02
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