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Optimization design of controller for large-scale wind turbines
YAO Xing-jia, XIE Ci-jian, LIU Ying-ming, SHAO Dong

(Wind Energy Institute, Shenyang University of Technology, Shenyang Liaoning 110023, China)

Abstract: The wind turbine system is a system with nonlinear variables, uncertainties and disturbances. At present,

most of the large-scale wind turbines installed in this country are of constant frequency and with adjustable speed and pitch.

They are reliable with high values of utilization factor of wind power and desirable stress characteristics of the machine set.

However, they are undergoing overloading, variation in power and frequent changes of pitch. To deal with these problems, a

new control method is proposed in this paper based on the fuzzy performance evaluator. In this method, a nonlinear control

model is built; a fuzzy controller is designed with details described. Simulation shows the effectiveness of the proposed

method.
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1 (Introduction)
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2 (Model of

wind turbine and mechanical drive)
[1],

: ,

, ,

,

, ,

,

, ,

. ,

.

:⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

ξ̇ = nωT − ωg,

ω̇T =
1
JT

[Tr(v, ωT , β) − TD(ωT ) − nTm],

ω̇g =
1
Jg

(Tm − Te),

β̇ = − 1
τβ

β +
Kβ

τβ

βref ,

Tm = Ksξ + Bsξ̇.

(1)

: ξ

, ωT , ωg , JT

, Tr , TD

( , n

, Tm , β

, Bs , Ks ).
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3
(Design of control system based on fuzzy

performance evaluator)
(fuzzy perfor-

mance evaluator, FPE) [2],

1 .

1

Fig. 1 Principle graph of controller design
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3.1 (Fuzzy adap-

tively performance evaluator design)

{
ẋ = Ax + B[f(x) + g(x)u + d],

y = Cx,
(2)

:

A =

⎛
⎜⎜⎜⎜⎜⎜⎝

0 1 0 · · · 0
0 0 1 · · · 0
...

...
...

...

0 0 0 · · · 1
0 0 0 · · · 0

⎞
⎟⎟⎟⎟⎟⎟⎠

, B =

⎛
⎜⎜⎜⎜⎜⎜⎝

0
0
...

0
1

⎞
⎟⎟⎟⎟⎟⎟⎠

, CT =

⎛
⎜⎜⎜⎜⎜⎜⎝

1
0
...

0
0

⎞
⎟⎟⎟⎟⎟⎟⎠

,

xT = (x, ẋ, · · · , x(n−1)) = (x1, x2, · · · , xn) ∈ R,

|d| � ε, u ∈ R, y ∈ R

, f(x) g(x) ,

.

:

y(x) =

m∑
i=1

ȳi(
m∏

j=1

μAi
j
(xj))

m∑
i=1

(
m∏

j=1

μAi
j
(xj))

= θTΨ(x), (3)

: xT = [x1, x2,· · · ,xn], μAi
j
(xj) (xj)

Ai
j ; ȳi μBi(ȳi) = 1,

θT = [ȳ1, ȳ2, · · · , ȳm] . ΨT
(x) =

[ψ1
(x), ψ

2
(x), · · · , ψh

(x)] .

ψi
(x) =

(
m∏

j=1

μAi
j
(xj))

m∑
i=1

(
m∏

j=1

μAi
j
(xj))

. (4)

˙̂x = Ax̂ + B[f̂(x̂) + ĝ(û) − v] + K0C(x − x̂),

y = Cx̂.

: A, B, C , v , u

, KO , f̂(x̂) ĝ(x̂) (3)

(2) f(x) g(x),

f̂(x̂) = f̂(x̂|θf ),ĝ(x̂) = ĝ(x̂|θg).

3.2 (Design of fuzzy con-

troller)

ε = x̂ − xm.

ε̇ = ˙̂x − ẋm =

Â(x)x̂+B(u+v)+M̂(x)(x−x̂)+d−(Arxm+r)=

Â(x)ε+(Â(x)−Ar)xm+B(u+v)+

M̂(x)(x−x̂)−r+d. (5)

u

u = uf − v + ur, (6)

: uf , v , ur

.

uf L , i :

x1 Fi1,xn Fin uif = Kicε

, uf

uf =
L∑

i=1

hi(x)Kicε = Kc(x)ε. (7)

(7) (5),

ε̇ = (Â(x) + BKc(x))ε + (Â(x) − Ar)xm − r +

Bur + M̂(x)(x − x̂) + d, (8)

ur (Â(x) − Ar)xm − r + Bur = 0.

, B ,
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, , σm.

: ur = (BTB)−1[r − (Â(x) − Ar)xm].

σm = (Â(x) − Ar)xm − r + Bur.

σ = σm = M̂(x)(x − x̂) + d. (9)

(8)

uf =
L∑

i=1

hi(x)(Ai − BKic)ε + σ. (10)

,

:

1 ;

2 , Ai − MiCi

, Mi;

3 γ > 0, Kv;

4 Js,

, J , Js < J , 1

. , γ;

5 ρ > 0, Kic;

6 (6), .

4 (Simulation research and

Conclusion)
SUT-1000 ,
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Fig. 2 Rotor speed curve
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