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Power limitation control of wind turbine system based on

differential geometry theory
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Abstract: When wind speed exceeds the rated level, power limitation control can be realized through decreasing the
rotational speed of the wind turbine to eliminate complex pitch control devices, and a nonlinear controller based on dif-
ferential geometry theory is designed to achieve the power limitation control for a variable speed wind turbine. First, the
wind turbine aerodynamics characteristic is analyzed, which is the theoretical foundation of the power limitation control
method proposed. Then, the nonlinear model of wind turbine is globally linearized by differential geometry transformation.
Finally, a nonlinear controller is designed based upon the new linearized model, and the globally precise linearized control
method of the variable speed wind turbine system is achieved. Simulation results indicate that the control method proposed
can effectively implement the power limitation control of variable speed wind turbine system at above rated wind speed,

even if the wind speed changes in a large range.
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Fig. 1 Aerodynamics characteristic analysis
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Fig. 2 Lift coefficient and drag coefficient of the blade
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Fig. 3 Structure of the wind turbine system
3.1 3 &Y (Aerodynamics system)
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5 $EHIE3 % H(Controller design)
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Fig. 4 Feedback linearization control of wind turbine system

DRI, 2644 HH R 250CA
h(z) = P* — P,. (13)

Hh P, =nP, =0.5nCp(\) pr R*V3.
5.2 {i R (Affine model)

2 R HPIRA AR 5 WS B ) ok FEw,, A
P AR, f i 5o h(x). WRG AL
P REY

&= f(z) +g(x)u, (14)
h(z) = P — 0.5nCp(\)prR*V?.  (15)

Bz = w, u=1T,, g(z) = v/ ]y, fz) =
1 C(N)

2
57 A pARV~.
5.3 %kt 4k 4% #F K& K (Inspection of linearization
condition)
BT AR A
z = h(x). (16)
PR ek T, 13
oh(z) 1, .0Cp.
9y 217p7rR V 00, T, a7

W4t R BOR T f () Rl g () I 4= S 0K

1 oC

Lih(z) = —inpﬂR2V3a—wPf(x), (18)
1 oC

L,h(z) = —inprzvgﬁg(x). (19)

PIE, Lyh(x) # 0, REMADSET A1, 5 RSP
FHAE. WAL 4 RN E AT



%23 N G IR LR Xy gL R RIERIE S cutiil 339

5.4 48 ¥ vt (Controller design)
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6 15 E 45 (Simulation results)
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Fig. 5 Responses curves when wind speed jumps
from 10 m/s to 14 m/s
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