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Passivity-based control of double-fed induction generator under
unbalanced grid voltage fault

LIU Jun, JIANG Shuo-dong
(Faculty of Automation and Information Engineering, Xi’an University of Technology, Xi’an Shaanxi 710048, China)

Abstract: To inhibit the imbalance current in the stator and the rotor caused by the unbalanced grid voltage, we propose
a passivity control strategy for the double-fed induction generator system (DFIG). On the basis of the passivity of the
positive and negative sequence models in the positive synchronously rotating frame, a passivity state feedback controller is
first designed. Next, a method for calculating expectation values is developed, by which we calculate the command values
for the negative sequence components of the stator current and the rotor current based on the unbalanced control objectives.
The command values of the positive sequence components of the stator current and the rotor current are calculated on
the basis of positive sequence components of the stator voltage and the expectation values of the electromagnetic torque.
Thus, a passive controller for DFIG under unbalance grid voltage condition is designed. Simulation results show that the
proposed scheme effectively inhibits the imbalance currents in the stator and the rotor, reduces the output torque fluctuation,
and enhances the non-interrupt operation ability of DFIG under unbalanced grid voltages.
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(DFIG model and passivity analysis

under unbalanced grid voltage)
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Fig. 1 Vector diagram in the positive-and negative

synchronously rotating frame
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3
(Passivity-based control of

DFIG under unbalanced grid voltage fault)
3.1 (State feedback con-

troller design)
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1) lim
t→∞

(Te − T ∗
e ) = 0,

T ∗
e DFIG .
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t→∞

ψds = lim
t→∞

(Lmx2 +

Lsx4) = 0.
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Te = npLm(x1x4 − x2x3). (9)
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H(e) =
1
2
eT De,
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R

, R . ξ = −Ke, K =
diag{k1, k2, k3, k4, k5}, Ḣ(e) = −eT(R + K)e.

K > −R, Ḣ(e) < 0; D ,



1334 29

H(e) > 0. Lyapunov
H(e) > 0, Ḣ(e) < 0, e

, x → x∗.

, ,
, k3 = k4 = 0.

(11)

u = ξ − {Dẋ∗ + C(x,ws)x∗ + Rx∗} =
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ẋ∗+
4

]
+ wsLr

[
−x∗+

2

x∗+
1

]
+

wsLm

[
−x∗+

4

x∗+
3

]
+ Rs

[
x∗+

1

x∗+
2

]
−

np

[
−(Lrx

+
2 + Lmx+

4 )
(Lrx

+
1 + Lmx+

3 )

]
−

[
k1(x+

1 − x∗+
1 )

k2(x+
2 − x∗+

2 )

]
,

(16)

[
u−

dr

u−
qr

]
=

Lr

[
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tion of the sequence components of the system
expected states)

0,
i+ds, i+qs, i+dr, i+qr .

, [14–15]
, .

.
, ,

.
, ,

,



10 : 1335

.

:

npLm(x∗+
1 x∗+

4 − x∗+
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e , (19)

Lmx∗+
2 + Lsx

∗+
4 = 0. (20)

(11) 3 (21)
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(20)(22)⎧⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎩
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ds

Rs

.
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(23) (19)
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4 −u+
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+
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R2
s

x∗+
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T ∗
e ws

npRs

= 0,

(24)

(24)
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41 =
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+
ds(ws − 1)

2R2
s
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(u+

qsRs−Lsu
+
ds(ws−1))2− 4T ∗

e wsR
3
s

np

2R2
s

,

(25a)

x∗+
42 =

u+
qsRs − Lsu

+
ds(ws − 1)

2R2
s

−√
(u+

qsRs−Lsu
+
ds(ws − 1))2− 4T ∗

e wsR
3
s
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2R2
s

,

(25b)

(25b) . (23) (25)
.

3.3 (Speed controller design)
, DFIG

, ,
. PI ,

T ∗
e , T ∗

e = kp(w∗
m −wm) + ki

�
(w∗

m −wm)dt,

kp, ki .

4 (Simulation)
: 220 V,

Rs = 1.9188Ω, Rr = 2.5712Ω,
Ls = 0.24144 H, Lr = 0.24144 H,

Lm = 0.234 H, np = 2, J =
0.2 kg · m2. 2 .

2

Fig. 2 Diagram of passivity-based control for DFIG under unbalanced grid voltage condition

5%, DFIG
3. 2 s 6 m/s 2.5 s

7 m/s, 118.12 rad/s 137.8 rad/s,
4 . 5–6
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. 7
. 8 .

9–10
DFIG

.

3

Fig. 3 Stator terminal unbalanced voltage

4 ( ); ( )
Fig. 4 Wind speed (up); DFIG speed tracking wave-

form (down)

5 d, q

Fig. 5 d, q component of stator current tracking waveform

unbalanced voltage

6 d, q

Fig. 6 d, q component of rotor current tracking waveform

7 d, q

Fig. 7 d, q component of stator flux tracking waveform

8

Fig. 8 Electromagnetic torque tracking waveform

4–8 , ,
,

,
,

. ,
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9–10 ,
,

.
, ,

.
FFT : ,

3 ,
8.06%, ,
21.18% ,

, ,
0.04%,

, 0.59%.

9
Fig. 9 Stator and rotor current under conventional vector

control strategy

10
Fig. 10 Stator and rotor current under unbalanced control

strategy

11

. 12–13
. 14–15

. :
Fundamental , THD .

11
Fig. 11 Electromagnetic torque waveforms between

two different strategies

12
Fig. 12 Harmonic analysis of stator current under

conventional vector control strategy

13

Fig. 13 Harmonic analysis of stator current under unbalanced

control strategy

14

Fig. 14 Harmonic analysis of rotor current under conventional

vector control strategy
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15

Fig. 15 Harmonic analysis of rotor current under unbalanced

control strategy

15

.

5 (Conclusions)
DFIG

.
,

.
;
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.

,
.

, : 1)
. 2)

,
, . 3)
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, .
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