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Sliding-mode control of maximum power-point tracking in
wind-power system for doubly-fed induction generator

ZHENG Xue-mei, LI Lin, XU Dian-guo

(School of Electrical Engineering and Automation, Harbin Institute of Technology, Harbin Heilongjiang 150001, China)

Abstract: The maximum power-point tracking(MPPT) plays an important role in the wind power system for doubly-

fed induction generator(DFIG). A sliding mode control(SMC) strategy is proposed based on the theory of SMC and the

control principle of the stator magnetic field orientation vector. The principle of stator magnetic field orientation vector

control is briefly introduced, and then, an SMC control strategy is propose to realize the decoupling between the active

power and the reactive power in DFIG, and carries out the MPPT control. It improves the rate of tracking and enhances

the system stability, while capturing more wind energy and realizing the variable-speed-constant-frequency(VSCF) control.

Simulation results of controller verified the accuracy and effectiveness of the proposed control strategy.
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1 (Introduction)
, (VSCF)

(CSCF)[1,2].

(DFIG) ,

. (MPPT)

. PID

, PI ,
[3]; [4]

Pmax , .

DFIG ,

MPPT . DFIG ,

,

,

MPPT,

, MPPT ,

,

.

2 (Analysis of wind turbine

characteristic)
, :

Pv= 1/2ρSwv3, (1)

: ρ , 1.25 kg/m3; Sw

; v .

P0=CpPv= 1/2ρSwv3Cp, (2)

: Cp ,

. Cp

: 2009−03−13; : 2009−09−17.

: (50877017); (HIT.NSRIF.2008.52).
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, , λ:

λ = Rω/v = πRn/(30v), (3)

: R , ω , n

.

[5]:

cp(β, λ) = 0.5176 · (116 · ( 1
λi

) − 0.4β − 5) ·

e−21( 1
λi

) + 0.0068 · λ, (4)

: λi = 1/λ + 0.08β − 0.035/β3 + 1, β

.

, , β 0.

,

. ,

Pmax,

Pmax = kω3, (5)

k = 0.5ρSw(R/λopt)3CPmax .

3 (Decoupling

control of DFIG)
[6,7]:⎧⎪⎪⎪⎨

⎪⎪⎪⎩
um1 = −R1im1 − ψ̇m1 + ω1ψt1,

ut1 = −R1it1 − ψ̇t1 − ω1ψm1,

um2 = R2im2 + ψ̇m2 − ωsψt2,

ut2 = R2it2 + ψ̇t2 + ωsψm2.

(6)

: um1, ut1, um2, ut2 m, t

; im1, it1, im2, it2 m,

t ; R1,R2 ; ω1 =100π

; ωr ,

ωm : ωr = pnωm, pn ;

ωs = ω1 − ωr mt .

:⎧⎪⎪⎨
⎪⎪⎩

ψm1 = L1im1 − Lmim2,

ψt1 = L1it1 − Lmit2,

ψm2 = L2im2 − Lmim1,

ψt2 = L2it2 − Lmit1.

(7)

: Ψm1, Ψt1, Ψm2, Ψt2 m,

t ; L1, L2 mt
. Lm mt .

:{
p1 = um1im1 + ut1it1,

q1 = ut1im1 − um1it1.
(8)

:

Te = pnLm(im2it1 − im1it2), (9)

Te .

:

Tl − Te =
Jg

pn

dωr

dt
+

Dg

pn

ωr, (10)

: Tl ; Jg

; Dg .

: Ψm1 = Ψ1, Ψt1 = 0, R1 = 0,

um1 = 0, ut1 = −u1, (6)∼(8){
ψ1 = u1/ω1,

ψ̇1 = 0,
(11)

{
im2 = (L1im1 − ψ1)/Lm,

it2 = L1it1/Lm,
(12)

{
p1 = −u1it1,

q1 = −u1im1.
(13)

,

,

.

4 MPPT (Sliding mode MPPT

control strategy)
,

p∗
1 :

p∗
1 =

pmax

1 − s
− Δp, (14)

: s (s = ωs/ω1), p .

p∗
1 DFIG ,

.

,

, ,
[8], :{

s1 = p∗
1 − p1,

s2 = q∗1 − q1.
(15)

: p∗
1 (14) ; q∗1

;

DFIG , . p1, q1

.

(15) :{
ṡ1 = ṗ∗

1 − ṗ1,

ṡ2 = q̇∗1 − q̇1.
(16)

(11) (16),{
ṡ1 = ṗ∗

1 + u1i̇t1,

ṡ2 = q̇∗1 + u1i̇m1.
(17)

(13),
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ṡ1 = ṗ∗

1 + u1Lmi̇t2
/
L1,

ṡ2 = q̇∗1 + u1Lmi̇m2

/
L1.

(18)

(7) (6) (13),⎧⎪⎨
⎪⎩

ṡ1 = ṗ∗
1 + u1Lm

ut2 − R2it2 − ωsψm2

L1L2 − L2
m

,

ṡ2 = q̇∗1 + u1Lm

um2 − R2im2 + ωsψt2

L1L2 − L2
m

.
(19)

,{
ṡ1 = −k1s1 − (k2 + k3)sgn s1,

ṡ2 = −k1s2 − (k2 + k3)sgn s2.
(20)

: k1 >0, k2 >0, k3 >0; k1

; k2 k3

.

, :{
ut2 = ut2eq + ut2n,

um2 = um2eq + um2n.
(21)

:

ut2eq = R2it2 + ωsψm2,

ut2n =
(L1L2−mL2)(−k1s1−(k2+k3)sgn s1−ṗ∗

1)
u1Lm

,

um2eq = R2im2 − ωsψt2,

um2n =
(L1L2−L2

m)(−k1s2−(k2+k3)sgn s2−q̇∗1)
u1Lm

.

,

:

v =
1
2
s2
1, (22)

:

v̇ = s1ṡ1 = s1(ṗ∗
1 + u1i̇t1) =

s1(ṗ∗
1 +

u1Lm

L1

i̇t2) =

s1(ṗ∗
1 + u1Lm

ut2 − R2it2 − ωsψm2

L1L2 − L2
m

)

s1(−k1s1 − (k2 + k3)sgn s1),

s1 >0 , k1, k2, k3 ,

v̇ = −(k1s
2
1 + (k2 + k3)s1) < 0,

s1 <0 ,

v̇ = −(k1s
2
1 − (k2 + k3)s1) < 0.

, s �= 0 , v̇ < 0.

Lyapunov [9],

, , s1 = p∗
1 − p1 = 0,

.

R2 ,

R2 + ΔR, (22) ,

(21),

v̇=s1(−k1s1−(k2+k3)sgn s1 +
ΔR2im2Lm

L1L2 − Lm2

).

: k1 > 0, k2 > 0, k3 > | ΔR2im2Lm

L1L2 − Lm2

|,
: v̇ < 0. s2

.

, :

.

5 (Simulation results)

, MATLAB .

: 0.5 s , DFIG : 0.5 s ,

3 m/s, 8 s , 5 m/s, 12 s

, 8 m/s. , 8 s

, 0.314 Ω 0.2 Ω.

1.25 kg/m3, N = 7.846, ωm =
Nω = 7.846ω, 3, v 3 m/s,

5 m/s, 8 m/s 132 rad/s,

221.5 rad/s 354.4 rad/s. 1∼ 5.

1 DFIG

Fig. 1 Wind speed and DFIG electrical angle frequency

2 DFIG

Fig. 2 DFIG stator and rotor current curve
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3 DFIG

Fig. 3 DFIG stator and rotor voltage curve

4 DFIG

Fig. 4 DFIG output power curve

5 PID

Fig. 5 The comparison of SMC and PID

,

,

MPPT .

PID .

6 (Conclusions)
,

, , .

DFIG ,

,

MPPT , ,

,

VSCF , MATLAB

.
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