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Abstract: The aerodynamic power and torque of wind turbines are extremely nonlinear. Therefore, the overall
dynamic behavior of a wind turbine exhibits nonlinear characteristics that are dependent on the magnitude of
the wind speed. The nonlinear aerodynamic characteristics of the wind turbine also affect the characteristics of
the control system of the wind turbine. Therefore, the analysis of the nonlinear aerodynamic characteristics of
wind turbine is essential in designing the wind-turbine controller. In this study, the nonlinear aerodynamic
characteristics and the effects of these characteristics on the closed-loop pitch system with PI controller for an
1-mass model of the wind turbine are investigated above rated power.
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Table 1 Physical parameter values of an 1.5 MW
wind turbine

Physical parameters Values
R 3325 m
J, 3.357¢6 kgm’
J, 60 kgm’
B, 5.44¢3 kem'/s
ngb 90
16
14
12
s !
=S
5 08
3
o 06

0 5 10 15 20 25
Wind Speed (m/s)

(a) Power curve

25

20

=
1]

=
o

Pitch angle (degree)

0 5 10 15 20 25
Wind Speed (m/s)

(b) Pitch curve

Fig. 3 Steady-state curves according to the wind speed
of an 1.5SMW wind turbine
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Table 2 Two nonlinear parameters according to the

wind speed
V. (m/s) BQﬂ(Nms/rad) N, 3ﬂ(Nm/deg)
12 34.12 -385.89
13 4748 -644.89
14 62.97 -799.78
15 80.74 -954.55
16 120.64 -1137.89
17 142.50 -1323.33
18 132.13 -1940.44
19 135.71 -2288.00
20 154.88 -2361.78
21 180.79 -2277.89
22 193.93 -2409.78
23 195.96 -2802.78
24 197.77 -3196.67

8Q, / 5p(dB)

50 ' w
10* 10° 10

: 10" 10

Frequency(Hz)

Fig. 4 Frequency responses of transfer function for
the open-loop pitch system according to the

wind speed
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Table 3 Natural frequencies and damping ratios of
the closed-loop pitch system according to
the wind speed

V, (m's) fn(Hz) ¢
12 0.100 0.500
13 0.123 0.633
14 0.144 0.710
15 0.157 0.781
16 0.172 0.877
17 0.185 0.947
18 0.224 1.089
19 0.243 1.169
20 0.247 1.198
21 0.243 1.198
22 0.250 1.234
23 0.269 1.313
24 0.288 1.387
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Fig. 6 Frequency responses of the closed-loop  pitch
system according to the wind speed
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system according to the wind speed
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