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Abstract—This paper proposes a second-order sliding mode-
based damping controller of DFIG for interarea oscillations. The
proposed damping control strategy aims to utilize the reactive
power modulation ability of DFIG to stabilize the power system
in the event of oscillations caused by disturbances. First, the pro-
posed controller is derived based on a two-area power system, and
then it is extended to multiarea power systems. Compared with
the conventional damping controller, the proposed one is insen-
sitive to modeling uncertainties and parameter variations. Given
the wide variation of operation points, the proposed sliding mode-
based damping controller demonstrates a better robustness than
the conventional damping controller. Simulation results on a two-
area power system and a 10-machine 39-bus power system with
DFIG-based wind farm integration show the improvement on sys-
tem performance in interarea oscillation damping and demonstrate
the robustness of the proposed control scheme in a wide operation
region.

Index Terms—DFIG, second-order sliding mode, interarea
oscillation, damping control.

I. INTRODUCTION

W IND power has been rapidly integrated into modern
power grids. It is expected that the growing trend

will continue in the following decades to alleviate the energy
shortage and environmental pressure [1]. Among the various
wind power generators, doubly fed induction generator (DFIG)
have accounted for a large market due to their advantages of
relatively small size, low power rating of the back-to-back
power electronic converters, high energy efficiency and the
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capability of flexible control [2], [3]. Thus, the DFIG based
wind farms will play an important role in today’s and future
power system operation.

On the other hand, as the size of the inter-connected power
system grows, technical problems such as interarea oscillation
have been reported, which is a critical threat for the stability of
power system operation [4], [5]. As ref. [6] shows, the integra-
tion of large-scale DFIG wind farm may have negative impacts
on power system rotor angle stability. For the system with high
penetration of DFIGs, the advanced power electronic convertors
in DFIG can be utilized to damp the power system oscillations
with increased flexibility. Over the past few years, several damp-
ing control techniques for DFIGs have been studied to increase
the system damping [7]- [16]. In [7], a conventional damping
controller, which is similar to the power system stabilizer (PSS)
installed on a synchronous generator, was designed for DFIG to
improve the system dynamic response. [8] introduced a damp-
ing controller for DFIG based on the root locus analysis, which
is used for interarea oscillation damping enhancement. The opti-
mization method is also employed to coordinate the parameters
of the damping controller for DFIG in [15]. In [17] and [18],
the intelligent algorithms were employed to improve the system
dynamic response. In fact, both active and reactive power mod-
ulation of DFIG can provide damping contribution. The study
in [19] has shown that reactive power modulation of DFIG for
damping control is an alternative choice, because the active
power modulation may cause shaft oscillation.

However, these damping controllers for DFIG are designed
based on the small signal linearization algorithm with respect
to one fixed operation point. But the operation status of power
systems are varying from time to time. Thus, these methods may
not be robust to the model parameters and the system operation
point uncertainties. Given the uncertain and random changes
in system states, the controller may not be able to sustain the
stability of the system.

This paper aims to develop a new robust damping controller
of DFIG against system uncertainties and parameter variations
based on the sliding mode control algorithm. This algorithm
is insensitive to system uncertainties and parameter variations.
This method provides new prospect for dealing with increasing
uncertainties. The sliding mode control has several promising
characteristics. Fox example, the designed controllers are rela-
tively simple, easy to implement and low computational burden
required. Compared to designing techniques based on system
linearization, the designing procedure of the sliding mode con-
trol is capable of dealing with several kinds of internal and
external disturbances, model uncertainties, and operation point
changing. The first-order sliding mode control technique has
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Fig. 1. Diagram of the two-area power system with wind farm integration.

been used to damp the interarea power oscillations for multi-
area power systems in [20], which is based on the reactive power
control of SVC. However, the first-order sliding mode control
requires the discrete control action and it is impractical for the
DFIG to generate discrete reactive power output.

In order to address the issues mentioned above, this paper pro-
poses a second-order sliding mode based interarea oscillation
damping controller for DFIG. This method utilizes the flexi-
ble reactive power modulation ability of DFIG to damp power
oscillations and successfully avoids the requirement of a dis-
crete reactive power output. The advantages of the proposed
second-order sliding mode damping control lie in the high de-
gree of robustness to the wide operation point variation and in
the smoothness of the control action. It is important to note
that the proposed damping controller is insensitive to the un-
modeled system dynamics. The proposed sliding mode based
damping controller is firstly introduced for a classic two-area
power system, and then, the designing method is implemented to
a multi-area power system. The simulations on two-area power
system and 10-machine 39-bus system show the effectiveness
of the proposed second-order sliding mode damping controller
in damping interarea power system oscillations.

The remaining of this paper is organized as follows: Section II
describes the background of interarea oscillation problem.
Section III presents the designing progress of the proposed slid-
ing mode based damping controller for a two-area power system.
Section IV introduces the implementation of a multi-area power
system. Simulation results and detailed discussion are presented
in Section V. Section VI gives the conclusion.

II. BRIEF DESCRIPTION OF INTEREARA OSCILLATIONS IN

WIND FARM INTEGRATED POWER SYSTEM

A two-area power system with wind generation [8]–[10], as
shown in Fig. 1, is considered in this section to illustrate the
interarea oscillation. The two areas, each with a local load, are
connected through a double AC transmission line. In this study,
the DFIG based wind farm is integrated at area I. A fixed shunt
capacitive compensator is also connected at the same bus with
wind farm.

The dynamic model of the two-area power system without
wind generation connection can be described using the swing
equation as shown in (1), which is widely used in [21]– [23].

δ̇12 = ω12

ω̇12 =
1

H1
(Pm1 − PL1) −

1
H2

(Pm2 − PL2)

−
(

1
H1

+
1

H2

)
V1

V2
sin δ12 (1)

where δ represents the generator rotor angle and ω represents
the generator rotor speed. δ12 and ω12 are the relative rotor an-
gle and relative rotor speed between the two areas, respectively,
with δ12 = δ1 − δ2 and ω12 = ω1 − ω2 . The reactance X is the
total impedances of the double circuit AC transmission line. H1
and H2 represent the equivalent inertia of area I and area II,
respectively. In (1), the damping coefficient of synchronous ma-
chine is not considered. However, for the sliding mode damping
control designing, the damping coefficient is considered in the
uncertain part.

When the wind farm is linked to area I, as illustrated in Fig. 1,
the system dynamic behavior can be described as

δ̇12 = ω12

ω̇12 =
1

H1
(Pm1 + Pw − PL1) −

1
H2

(Pm2 − PL2)

−
(

1
H1

+
1

H2

)
V1

V2
sin δ12 (2)

where Pw is the active power generated from the wind farm.
In the above system, the transmitted active power is relevant

to the angle difference between the two areas. The transmitted
reactive power from area I to area II is relevant to the magnitude
of the voltage. In other words, the voltage magnitude will be in-
fluenced by the transmitted reactive power with the relationship
given in Eq.(3). The power swing damping can be improved by
modulating the bus voltage via reactive power control [24].

Q1 = Qw + Qs0 =
V 2

2 − V1V2 cos δ12

X
(3)

where Q1 is the reactive power transmitted from area I to area II.
Qw is the reactive power injection of DFIG, and Qs0 is the re-
active power generated by fixed shunt capacitive compensators
and synchronous generators.

It is known that the generators operate synchronously in the
two areas under the steady-state conditions. The relative angle
δ12 remains constant, and the relative rotor speed ω12 keeps
zero. However, in case of disturbance, unbalance between gen-
erator electrical and mechanical powers is created, leading to
the power oscillation between the two areas. For the system
stability concerns, such oscillation should be damped quickly.
In this paper, the second-order sliding mode control algorithm
based damping controller is designed to damp the system in-
terarea oscillation via modulating the reactive power of DFIG
based wind farm.

III. SLIDING MODE BASED DAMPING CONTROLLER DESIGN

In this section, the sliding mode based damping control strat-
egy for DFIG integrated into a two-area power system is pre-
sented. The second-order sliding mode is applied to design the
damping controller for DFIG in this paper.

A. Sliding Variable Selection

The purpose of the second-order sliding mode control algo-
rithm is to zero the selected sliding variable σ and its first time
derivative σ̇. The sliding variable is selected based on the desired
control objectives, to guarantee the control achievement when
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σ = 0. In this study, damping the power oscillation is meant to
keep the relative angle between the two areas as a constant. In
other words, it is to maintain the relative rotor speed ω12 with
the value of zero. Thus, the sliding variable σ can be chosen as
σ = ω12 .

Among the several second-order sliding mode algorithms, the
twisting algorithm [25], [26] has a quite simple law of control
action, and thus the trajectories can reach sliding surface in
a finite time. Furthermore, another advantage of the twisting
algorithm is in the wider range of operation and the algorithm
does not markedly increase the implementation of complexity.
This implies that the computational burden should be low during
the online operation of the controller.

B. Damping Controller Design

For the two-area power system, choosing the power angle
δ2 = 0 as the reference angle, the system dynamics can be
rewritten as

δ̇ = ω12

ω̇12 =
1

H1
(Pm1 − PL1) −

1
H2

(Pm2 − PL2)

−
(

1
H1

+
1

H2

)
V1

V2
sin δ. (4)

Using the modulated variable Qw (the reactive power of
DFIG), and utilizing the relationship shown in (3) so as to sub-
stitute the voltage of bus 1, the system swing equation can be
rewritten as

ω̇12 =
1

H1
(Pm1 − PL1) −

1
H2

(Pm2 − PL2)

−
(

1
H1

+
1

H2

)(
sin δ

X cos δ
V 2

2 − sin δ

cos δ
(Qw + Qs0)

)
.

(5)

In this study, the modulation of the output reactive power
of DFIG based wind farm, Qw , is used to damp the interarea
oscillation. The sliding mode control requires a discrete con-
trol action. However, the output reactive power of DFIG can
not change suddenly. Thus, the output reactive power of DFIG
cannot be used as a control action directly.

The reactive power control scheme of DFIG is shown in Fig. 2.
The reactive power is usually modulated via a two-loop PI con-
troller, i.e. outer reactive power loop and inner current loop [27],
respectively. As shown in Fig. 2, the Qref can be the actual con-
trol action for sliding mode damping control. However, if the
full mode of the reactive power control loop is considered, the
relative degree will be large. Thus, the damping controller de-
signing will use a high order derivation, which will be much
more difficult. Otherwise, the dynamic behavior of the reactive
power control loop can be similarly represented by a first-order
inertia loop. On the other hand, the designed sliding model con-
trol performs well on the robustness to the bounded unmolded
part. The adopted first-order inertia loop for the equivalent of

Fig. 2. The reactive power control scheme of DFIG.

Fig. 3. Step response of full order reactive power loop and reduced order
reactive power loop of DFIG.

reactive power control loop is shown as

ΔQw =
ΔQref

sT + 1
. (6)

The dynamic behaviors of full order model system and the
equivalent first-order inertia loop(with T = 0.2s) for a step
response are compared in Fig. 3 (the parameters of DFIG is
given in Appendix). It is shown that the dynamic behavior (step
response) of equivalent first-order inertia response is similar to
the one of full order model system.

As the dynamic behavior of DFIG reactive power control
loop is obtained, the whole system dynamic equations can be
represented as

δ̇ = ω12

ω̇12 =
1

H1
(Pm1 − PL1) −

1
H2

(Pm2 − PL2)

−
(

1
H1

+
1

H2

)
sin δ

cos δ

(
V 2

2

X
− ΔQw − Qw − Qs0

)

ΔQ̇w =
u − ΔQw

T
(7)
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where u is the additional reactive power part (ΔQref ) used for
damping control. Qw is the rated reactive power of wind farm
under nominal operation. Thus, the output reactive power of
wind farm is Qw + ΔQw .

Eq.(7) shows that the relative degree of the selected sliding
variable ( σ = ω12) is 2, with

ω̈12 =
(

1
H1

+
1

H2

)(
−V 2

2

X
+ ΔQw + Qw + Qs0

)
1

cos2 δ
ω12

−
(

1
H1

+
1

H2

)
sin δ

cos δ

ΔQw

T
+

(
1

H1
+

1
H2

)
sin δ

T cos δ
u

= F (ω12 , δ,ΔQw , t) + G(δ, t)u (8)

where,

F (ω12 , δ,ΔQw , t) = −
(

1
H1

+
1

H2

)(
sin δ

cos δ

ΔQw

T

−
(
− V 2

2

X
+ ΔQw + Qw + Qs0

)
1

cos2 δ
ω12

)
,

G(δ, t) =
(

1
H1

+
1

H2

)
sin δ

T cos δ
.

The control objective can be defined as to find the control
action u to force the relative rotor speed ω and its first order
ω̇ to zero. For the steady state, the relative rotor speed ω12 and
the reactive power for damping control ΔQw are all zeros. So
the fixed part F (0, δ, 0, t) = 0. Most of 2-sliding controllers
may be considered as controllers for Eq. (8) steering σ, σ̇ to
0 in (preferably) finite time. Since Eq.(8) does not remember
the original system, such controllers are obviously robust with
respect to any perturbations preserving upper and lower bounds.
Hence, the problem is to find such a feedback control u that all
the trajectories of (8) converge in a finite time to the origin
σ = σ̇ = 0 of the phase plane σ, σ̇. Thus, based on the fixed
gain twisting algorithm [25], the control signal u that can force
ω and ω̇ to zero could be selected as

u = −r1sign(σ) − r2sign(σ̇) (9)

with the discontinuous signum function sign(σ) ={ 1, σ > 0
−1, σ < 0 , where the variables r1 > 0 and r2 > 0 are

the control gains. With the above control action, the second
order of sliding variable is described by

ω̈12 = F (ω12 , δ,ΔQw , t) + G(δ, t)(−r1sign(σ) − r2sign(σ̇))
(10)

In order to force ω and ω̇ to zero in a finite time, the control
gains should be greater than the magnitude of the uncertainties
in F and G. Thus, the control gains r1 and r2 should satisfy
the [26]

(r1 + r2)Km − C > (r1 − r2)KM + C, (r1 − r2)Km > C
(11)

where C should be greater than the maximum value of the
|F |, with C ≥ |F (ω, δ,ΔQw , t) + ΔF |. Here, ΔF represents
the uncertain part, including the unmolded dynamics and system
uncertainties. Km and KM are the lower bound and upper bound

of G regarding disturbance, respectively, with Km ≤ G(δ, t) ≤
KM .

As shown in (8), if the relative rotor angle δ is an arbitrary
variable, the upper bound of G does not exist. However, for an
actual power system, the relative rotor angle is relative to the
transmission power of a generator and is also related to the static
stability [27]. Therefore, the relative rotor angle δ is operated
in a limited region. Thus, the upper bound of G exists, and the
control gains r1 and r2 can be obtained based on the bounds of
G and F .

For the wind farm, the reactive power of wind generation
has limited rating, Qwmin ≤ Qw ≤ Qwmax . Thus, the designed
control action should be bounded as

Qw − Qwmin ≤ u ≤ Qwmax − Qw . (12)

The reactive power control order used to damp the system
oscillation can be achieved by outer reactive power control loop
and inner current control loop as shown in Fig. 2. The reac-
tive power can be controlled by vdr . The vdr and vqr can be
controlled using PWM technique via dq − abc transform.

IV. EXTENSION TO MULTI-AREA POWER SYSTEMS

In this section, a power system with multi-area is considered.
The objective is to show how to apply the proposed sliding mode
based damping control technique to a multi-area power system.
A power system with n machines, l loads and m DFIG based
wind farms is considered. For the usual condition, the number
of wind farms is less than the number of machines. Although
there are N − 1 oscillation modes in an N areas power system,
only a few poorly damping modes are of concern, which are
damped using DFIG in this study.

For the multi-area power system, the reduced order nodal
admittance matrix can be obtained with the machine buses as

In = YnVn (13)

where Yn = Gn + jBn .
The injection power of area i can be described as [21]

Pi + jQi = Vi

N∑
j=1

Vj (Gij − jBij )(cos δij + j sin δij). (14)

The swing equation of equivalent machine in each area i is
given as [22]

δ̇i = ωi − 1

ω̇i =
1
Hi

(Pmi − Pei)

=
1
Hi

(
Pmi − Vi

N∑
j=1

Vj (Gij cos θij + Bij sin θij )
)

(15)
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where the mth wind farm is integrated in area i. The swing
equation of the ith area can be rewritten as

δ̇i = ωi − 1

ω̇i =
1
Hi

(Pmi + Pmw − Pei)

=
1
Hi

(
Pmi + Pmw − ΔQmw + Qmw + Qms0∑N

j=1 Vj (Gij sin δij − Bij cos δij )

N∑
j=1

Vj (Gij cos δij + Bij sin δij )

)

ΔQ̇mw =
u − ΔQmw

T
. (16)

Define that δij and ωij are the relative rotor angle and relative
rotor speed of the interarea oscillation, respectively. The mth
wind farm involved in the relative system dynamics between
areas i and j can be shown as

δ̇ij = ωij − 1

ω̇ij =
1
Hi

(
Pmi + Pmw

− ΔQmw + Qmw + qs0∑N
j=1 Vj (Bij cosδij )

N∑
k=1

VkBik sin δik

)

− 1
Hj

(
Pmj − Vj

N∑
k=1

VkBjk sin δjk

)

=
1
Hi

(Pmi + Pmw ) − 1
Hj

Pmj

+ F (δ, t) + G(δ, t)ΔQmw

ΔQ̇mw =
u − ΔQmw

Tm
. (17)

For the mth wind farm, the interarea oscillation between areas
i and j can be damped via the proposed sliding mode damping
control strategy.

The second-order of sliding variable, σ = ωmij can be ob-
tained as

ω̈ij =
∂F (δ, t)

∂δij
ωij +

(
∂G(δ, t)

∂δij
− G(δ, t)

Tm

)
ΔQmw

+
G(δ, t)

Tm
um

= Fm (ωij , δij ,ΔQm , t) + G(δij , t)um . (18)

Then for the mth wind farm, the sliding mode control based
damping control action for the oscillation between areas i and
j can be designed using the control law shown in (9).

V. SIMULATION STUDY

The time-domain simulations for two different power systems
are carried out to illustrate the effectiveness of the designed
sliding mode based damping controller for DFIG to mitigate the

Fig. 4. Two-area power system for simulation.

power system oscillations. In the simulation study, the full order
model of DFIG is used. The drive train of DFIG is modeled by
a two-mass model.

A. Two-Area Power System

The two-area power system as shown in Fig. 4 is considered
firstly. The two areas are connected through a 350 km double
ac transmission line with XL = 0.25 Ω/km, R = 0.023 Ω/km,
and XC = 12 nF/km. The transmitted power between the two
areas is 260 MW at steady state. A DFIG-based wind farm
represented by one aggregated DFIG is connected to the grid in
Area I. The wind farm is equivalent by a DFIG with coordinated
rate. The size of wind farm is leveled to achieve that the wind
penetration level in the whole system is 10% when the wind
farm is at its rated output. The rated reactive power of DFIG is
0.5 p.u. and the regulation bounds are ±0.1 p.u. The designed
parameters of the sliding mode damping controller are shown
in the Appendix.

Two three-phase faults occur at the midpoint of the transmis-
sion line and 10 km away from Bus 1 are simulated respectively.
These faults occur at t = 1 s and are cleared after 0.05 s. The
interarea oscillation is caused by this fault. The designed slid-
ing mode based damping controller is then activated in response
to the rotor angle difference estimated at bus 1. The damping
controller modulates the reactive power of DFIG to damp the
power oscillation rapidly.

The transient responses of the system when DFIG is with and
without damping controller are shown in Figs. 5 to 8. The dy-
namic behaviors of synchronous machines are shown in Figs. 5
and 7. The transient responses of the DFIG after the fault are
given in Figs. 6 and 8.

The curves in these figures show that the system with bad
damping and the oscillation lasts a long time in the scenario
without damping controller added to DFIG. Due to the decou-
pled control strategy from the grid, the reactive power and active
power of DFIG will utmost keep its order value when the fault
occurs. As the dotted lines in Figs. 6 and 8 shown, there are
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Fig. 5. The dynamic response of two-area power system for the midpoint
fault. (a) Relative rotor angle. (b) Relative rotor speed. (c) Transmitted active
power between the two areas. (d) Voltage of bus 1.

Fig. 6. The dynamic response of DFIG for the midpoint fault. (a) Active
power. (b) Reactive power. (c) Rotor speed.

almost no changing of output power of DFIG after the faults are
cleared in the scenario without additional damping controller.

As the solid lines in Figs. 5 and 7 shown, when the proposed
sliding mode damping controller is applied to the DFIG, the
proposed damping controller effectively damps the interarea
power oscillation caused by the line fault.

Since the sliding mode damping controller is added to the
reactive power control loop of DFIG, the modulated reactive
power of DFIG is injected into the system to damp oscilla-
tions. The dynamic response of the DFIG also illustrates that
the proposed damping control strategy has almost no influence
on DFIG active power output and shaft torque, as shown in
Figs. 6 and 8.

Although the sliding mode damping controller is designed
based on the reduced-order model of DFIG, the simulation on a
full-order model indicates that the proposed controller is capable
of dealing with the uncertainty caused by unmodeled part.

Fig. 7. The dynamic response of two-area power system for 10km fault.
(a) Relative rotor angle. (b) Relative rotor speed. (c) Transmitted active power
between the two areas. (d) Voltage of bus 1.

Fig. 8. The dynamic response of DFIG for a fault 10 km away from Bus 1.
(a) Active power. (b) Reactive power. (c) Rotor speed.

Fig. 9. σ − σ̇ phase trajectory.
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Fig. 10. The system dynamic response of the increased transmitted power
scenario, with proposed damping controller.

Illustratively, Fig. 9 gives the phase trajectory of the power
system in the state space (σ − σ̇ plane). It can be seen that
the controlled system converged to the sliding surface with the
sliding variable and its first-order both equal to zero.

In order to illustrate the robustness of the proposed sliding
mode damping control with regard to the ranging of operation
points, the simulation with a heavier load scenario is carried out.
In this simulation scenario, the transmitted power between area I
and area II is increased from 260 MW to 320 MW. With the same
second-order sliding mode damping control and parameters,
the dynamic response of the heavier load scenario system is
plotted in Fig. 10. As shown, the oscillation is damped quickly.
It illustrates that the proposed sliding mode damping control is
robust to the system operation point changing.

In addition, a comparison is carried out to the one with con-
ventional damping control, which is designed based on the
small signal linearization algorithm with respect to one oper-
ation point, as introduced in [5]. The parameters of the conven-
tional damping controller for DFIG is designed based on the
operation point of the initial scenario, with 260 MW transmit-
ted power between the two areas. The dynamic responses in
260 MW transmitted power scenario and 260 MW transmitted
power scenario are shown in Figs. 11 and 12, respectively.

As shown in Fig. 11, the conventional damping controller is
efficient in damping the system oscillation in the initial scenario
(with 260 MW transmitted power). However, as the operation
point changed (with 320 MW transmitted power), the conven-
tional damping controller becomes less efficiently in damping
the oscillation, as shown in Fig. 12. Comparing the dynamic
responses given in Figs. 10 and 12, it is clear to show that
the proposed second-order sliding mode damping controller is
much more robust than the conventional damping control with
respect to the various operation points.

B. 10-Machine 39-Bus Power System

The proposed sliding mode damping controller is tested in a
more practical situation to demonstrate the effectiveness. The

Fig. 11. The system dynamic response of the initial transmitted power sce-
nario, with conventional damping controller.

Fig. 12. The system dynamic response of the increased transmitted power
scenario, with conventional damping controller.

proposed controller is applied to a 10-machine 39-bus power
system [28]. The structure of the study system is shown in
Fig. 13. Two DFIG based wind farms are considered in this
system. One is connected at bus 39 and another is connected
at bus 35. In this system, generator 1 connected at bus 31 is
selected as the slack generator.

In this case, a three-phase line fault between bus 4 and bus
14 occurs at t = 1 s and is cleared after 0.1 s. For the wind
farm connected at bus 39, the angle difference between G2 and
G10 is employed as the input data for sliding mode damping
controller. Similarly, for the wind farm connected at bus 35, the
angle difference between G6 and G7 is employed as the input
data for sliding mode damping controller.

The dynamic behaviors of the synchronous machines are
shown in Figs. 14, 15 and 16 in the scenario without damp-
ing controller. Fig. 14 shows the dynamic responses of relative
rotor angle of G2-G10. Fig. 15 shows the dynamic responses
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Fig. 13. The structure of the multi-area power system.

Fig. 14. The dynamic response of relative rotor angle of synchronous ma-
chines in the scenario without damping controller.

Fig. 15. The dynamic response of relative rotor speed of synchronous ma-
chines in the scenario without damping controller.

of relative rotor speed of G2-G10. Fig. 16 gives the dynamic
responses of bus voltages. The dynamic responses of the two
DFIG based wind farms are shown in Fig. 17.

The dynamic behaviors of the synchronous machines in the
sliding mode damping controller scenario are shown in Figs. 18,

Fig. 16. The dynamic response of bus voltages in the scenario without damp-
ing controller.

Fig. 17. The dynamic response of DFIG based wind farms in the scenario
without damping controller. From top to bellow: active power, reactive power,
rotor speed.

Fig. 18. The dynamic response of relative rotor angle of synchronous ma-
chines in the scenario with proposed damping controller.

19 and 20. Fig. 18 demonstrates the dynamic responses of rel-
ative rotor angle of G2-G10. Fig. 19 displays the dynamic re-
sponses of relative rotor speed of G2-G10. Fig. 20 gives the
dynamic responses of bus voltages. The dynamic responses of
the two DFIG based wind farms are shown in Fig. 21.

It can be seen that compared to the scenario without damp-
ing controller, the system power oscillations are damped more
quickly. The simulation results illustrate that the proposed slid-
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Fig. 19. The dynamic response of relative rotor speed of synchronous ma-
chines in the scenario with proposed damping controller.

Fig. 20. The dynamic response of bus voltages in the scenario with proposed
damping controller.

Fig. 21. The dynamic response of DFIG based wind farms in the scenario
with damping controller. From top to bellow: active power, reactive power,
rotor speed.

ing mode damping control installed on DFIG is effective to
damp the oscillation modes.

VI. CONCLUSION

In this paper, a second-order sliding mode based damping
controller is proposed for DFIG against interarea oscillations in

TABLE I
PARAMETERS OF DFIG

Stator resistance, rs (pu ) 0.007
Stator inductance, Ll s (pu ) 0.18
Mutual inductance, Lm (pu ) 2.9
Rotor resistance, Rr (pu ) 0.005
Rotor inductance, Ll r (pu ) 0.156
Coupling inductor inductance, L (pu ) 0.00178
Coupling inductor resistance, R (pu ) 0.000929
Proportion of PI controller for outer loop, Kp o 0.002
Integration of PI controller for outer loop, Ki o 0.05
Proportion of PI controller for inner loop, Kp i 0.03
Integration of PI controller for inner loop, Ki i 0.5

a multiple areas transmission system. The proposed damping
controller allows the DFIG based wind farm to modulate its
output reactive power, thereby enhancing the damping of power
system and stabilizing the system force to the disturbances.
Specifically, the second-order sliding mode is employed to de-
sign the control law. Thus, the control action will not require a
discrete reactive power output of DFIG. Compared with conven-
tional controllers, the proposed damping controller is advanced
in the high degree robustness to the system uncertainties and
system unmolded dynamics, meaning that it can enhance the
system stability in a wide range of operation points and sys-
tem parameters. The analyses and simulations are carried out
on a two-area power system and a multi-area power system.
The simulation results have demonstrated the effectiveness and
robustness of the proposed damping controller.

APPENDIX A

The parameters of DFIG are listed in Table I.
The parameters of the designed sliding mode damping con-

troller is given below:
For two-area power system: r1 = 0.1; r2 = 0.02;
For multi-area power system: WF1:r1 = 0.12; r2 = 0.02;

WF2: r1 = 0.1; r2 = 0.01;
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