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ABSTRACT

This paper presents a simulation study of Doubly
Fed Induction Generator (DFIG) controlled by slid-
ing mode control (SMC) applied to achieve control
of active and reactive powers exchanged between the
stator of the DFIG and the grid. In this paper, a
variable speed wind turbine is considered with DFIG
and di�erent power electronic converter topologies:
(i) Carried based Pulse Width Modulation (PWM),
(ii) Space Vector Modulation (SVM). To improve the
quality of energy injected into the electrical grid, we
propose SVM technique which allows the minimizing
of harmonics stator current and wide linear modu-
lation range. The feasibility and e�ectiveness of the
method is demonstrated by simulation results. The
obtained results showed that, the proposed SMC with
SVM inverter have stator and rotor current with low
harmonic distortion and low active and reactive pow-
ers ripples than PWM inverter.

Keywords: Doubly fed induction generator, Wind
turbine, Sliding mode control, Space vector modula-
tion, Pulse width modulation.

1. INTRODUCTION

Wind energy is becoming one of the most impor-
tant renewable energy sources. Recently, power con-
verter control has mostly been studied and developed
for wind energy conversion system (WECS) integra-
tion in the electrical grid. The use of power electronic
converters allows variable speed operation of the wind
turbine where the WECS extracts maximum power
from the turbine [1].

One of the generation systems commercially avail-
able in the wind energy market currently is the doubly
fed induction generator (DFIG) with its stator wind-
ing directly connected to the grid and with its rotor
winding connected to the grid through a variable fre-
quency converter as shown in Fig. 1. One of the
most advantages of this system is that the rating of
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Fig.1: Schematic diagram of DFIG-based wind gen-
eration systems.

the power converter is one third of that of the gener-
ator [2]. Vector control technology is used to control
the generator, and the rotor of DFIG is connected
to an AC excitation of which the frequency, phase,
and magnitude can be adjusted. Therefore, constant
operating frequency can be achieved at variable wind
speeds [3]. The variable speed constant frequency
wind power generation is mainly based on the re-
search of optimal power-speed curve, namely the most
mechanical power of turbine can be achieved by reg-
ulating the speed of generator, where the wind speed
may be detected or not [3]. The paper adopts the vec-
tor transformation control method of stator-oriented
magnetic �eld to realize the decoupling control for the
stator active and reactive power using sliding mode
control (SMC). Sliding mode theory, stemmed from
the variable structure control family, has been used
for the induction motor drive for a long time. It has
for long been known for its capabilities in accounting
for modelling imprecision and bounded disturbances.
It achieves robust control by adding a discontinuous
control signal across the sliding surface, satisfying the
sliding condition [4]. The power quality problems,
such as large values of harmonics, poor power factor
and high total harmonic distortion, are usually as-
sociated with operation of three-phase AC/DC con-
verters. Negative e�ects of harmonics, such as fail-
ures in computer operation and data transmission,
high noise levels in telephone communications, mal-
function of sensitive electronic equipment, resonance



64 ECTI TRANSACTIONS ON ELECTRICAL ENG., ELECTRONICS, AND COMMUNICATIONS VOL.11, NO.1 February 2013

conditions in power supply network, aging of insu-
lation and additional losses in electrical machines,
capacitive bank failures and so on, are well known.
To diminish these e�ects, many countries have issued
harmonics limitation standards or recommendations
[5]. Traditionally the sinusoidal pulse-width modu-
lation (SPWM) technique is widely used in variable
speed drive of induction machine, especially for scalar
control where the stator voltage and frequency can
be controlled with minimum online computational
requirement. In addition, this technique is easy to
implement. However, this algorithm has the follow-
ing drawbacks. This technique is unable to fully uti-
lize the available DC bus supply voltage to the volt-
age source inverter. This technique gives more total
harmonic distortion (THD), this algorithm does not
smooth the progress of future development of vec-
tor control implementation of AC drive. These draw-
backs lead to development of a sophisticated PWM
algorithm which is Space Vector Modulation (SVM).
This algorithm gives 15% more voltage output com-
pare to the sinusoidal PWM algorithm, thereby in-
creasing the DC bus utilization. Furthermore, it min-
imizes the THD as well as loss due to minimize num-
ber of commutations in the inverter [6]. In this pa-
per, we apply the SMC method to the DFIG based
on wind energy using the modulation strategy known
as SVM technique and compared with the traditional
PWM technique.

2. MODELING OF THE WIND GENERA-
TOR

The aerodynamic power, which is converted by a
wind turbine, Pt is dependent on the power coe�cient
Cp. It is given by [7]:

Pt =
1

2
CpρπR

2V 3 (1)

where ρ is the air density, R is the blade length and
is the wind speed. The turbine torque is the ratio of
the output power to the shaft speed Ωt:

Ct =
Pt

Ωt
(2)

The turbine is normally coupled to the generator
shaft through a gear box whose gear ratio is chosen in
order to set the generator shaft speed within a desired
speed range. Neglecting the transmission losses, the
torque and shaft speed of the wind turbine, referred
to the generator side of the gear box, are given by:

Cg =
Ct

G
and Ωt =

Ωmec

G
(3)

Where Ωmec is the generator shaft speed. A wind tur-
bine can only convert just a certain percentage of the
captured wind power. This percentage is represented
by Cp(β, λ) which is function of the wind speed, the

turbine speed and the pith angle of speci�c wind tur-
bine blades. Although this equation seems simple,
Cp is dependent on the ratio λ between the turbine
angular velocity Ωt and the wind speed v. This ratio
is called the tip speed ratio:

λ =
Ωt ·R

v
(4)

Cp can be described as [8]:

Cp(β, λ) =(0.5− 0.0167(β − 2)) sin
π(λ+ 0.1)

18.5− 0.3(β − 2)

− 0.00184(λ− 3)(β − 2)

(5)

A typical relationship between Cp, β and λ is shown
in Fig.2. It is clear from this �gure that there is
a value of λ for which Cp is maximum and that
maximize the power for a given wind speed. The
peak power for each wind speed occurs at the point
where Cp is maximized. To maximize the gener-
ated power, it is therefore desirable for the genera-
tor to have a power characteristic that will follow the
maximum Cp_max line. The maximum value of Cp

(Cp_max=0.5) is achieved for β = 2 degree and for
λopt = 9.2.

Fig.2: Aerodynamic power coe�cient variation Cp

against tip speed ratio λ and pitch angle β.

To extract the maximum power generated, we must
�x the advance report λopt and the maximum power
coe�cient Cp_max. An estimate of wind speed value
can be obtained [9]:

vest =
R · Ωt

λopt
(6)

The reference mechanical power value must be set to
the following value [9]:

Pm_ref =
1

2

Cp_max

λ3
opt

· ρ · π ·R5 · Ω
3
mec

G3
(7)
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Fig.3: Wind turbine model with torque control.

The electromagnetic torque reference value also must
be set to the following value:

Cem_ref =
Pm_ref

Ωt

=
1

2

Cp_max

λ3
opt

· ρ · π ·R5 · Ω
3
mec

G3

(8)

The simpli�ed representation of wind turbine model
with torque control in the form of diagram blocks is
given in Fig.3. Fig. 4 shows the turbine mechanical
powers various speed characteristics for di�erent wind
speeds, with indication of the maximum power point
tracking (MPPT) curve.

Fig.4: Turbine powers various speed characteristics
for di�erent wind speeds, with indication of the max-
imum power point tracking (MPPT) curve.

3. DFIG MODELS

The general electrical state model of the induction
machine obtained using Park transformation is given

by the following equations [10]: Stator and rotor volt-
ages:

Vsd = Rs · isd + d
dtϕsd − ωs · ϕsq

Vsq = Rs · isq + d
dtϕsq + ωs · ϕsd

Vrd = Rr · ird + d
dtϕrd − (ωs − ω) · ϕrq

Vrq = Rr · irq + d
dtϕrq + (ωs − ω) · ϕrd

(9)

Stator and rotor �uxes:
ϕsd = Ls · isd +M · ird
ϕsq = Ls · isq +M · irq
ϕrd = Lr · ird +M · isd
ϕrq = Lr · irq +M · isq

(10)

The active and reactive powers at the stator and the
rotor as well as those provide for grid are de�ned as:{

Psd = Vsd · isd + Vsq · isq
Qsd = Vsq · isd − Vsd · isq

(11)

{
Prd = Vrd · ird + Vrq · irq
Qrd = Vrq · ird − Vrd · irq

(12)

The electromagnetic torque is done as:

Ce = P
M

Ls
(ϕsdirq − ϕsqird) (13)

and its associated motion equation is:

Ce − Cr = J
dω

dt
(14)

4. SPACE VECTOR MODULATION

The SVM method considers this interaction of the
phase and optimizes the harmonic content of the
three phase isolated neutral load as shown in Fig. 5,
[11]. The three phase sinusoidal and balance voltages
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Fig.5: Voltage source inverter type 3 phase.

given by the equations as follows:
VAn = Vm cosωt

VBn = Vm cos(ωt− 2π
3 )

VCn = Vm cos(ωt+ 2π
3 )

(15)

V − =
2

3
[VAn + aVBn + a2 · VCn] (16)

Are applied to the three phase DFIG, using (16). A
three phase bridge inverter, from Fig. 5, has 8 per-
missible switching states. Table I gives summary of
the switching states and the corresponding phase-to-
neutral voltage of isolated neutral machine.

Vno =
1

2
median(VAn, VBn, VCn) (17)

Double edge modulation of reference voltage
VAn,VBn,and VCn are equal as follows:

VAo = VAn + Vno

VBo = VBn + Vno

VCo = VCn + Vno

(18)

The underlying theory behind SVM is to apply space

Table 1: Summary of inverter switching states.

Name A B C VAn VBn VCn

V0 0 0 0 0 0 0
V1 1 0 0 2VDC/3 -VDC/3 -VDC/3

V2 1 1 0 VDC/3 VDC/3 -2VDC/3

V3 0 1 0 -VDC/3 2VDC/3 -VDC/3

V4 0 1 1 -2VDC/3 VDC/3 VDC/3

V5 0 0 1 -VDC/3 -VDC/3 2VDC/3

V6 1 0 1 VDC/3 -2VDC/3 VDC/3

V7 1 1 1 0 0 0

vectors as illustrated in Fig. 6 for varying time peri-
ods in a pattern based on the SVM algorithm.

4.1 The SVM generator

The SVM generator, whose operating principle is
presented in Fig. 7, contains seven blocks with the
following functions [12]:

Fig.6: Space vector of voltage.

• The three-phase generator is used to produce
three sine waves with variable frequency and am-
plitude; the three signals are out of phase with
each other by 120◦.

• The low-pass bus �lter is used to remove fast tran-
sients from the DC bus voltage measurement; this
measure is used to compute the voltage vector ap-
plied to the machine.

• The αβ transformation converts variables from
the three-phase system to the two-phase αβ sys-
tem.

• The αβ vector sector is used to �nd the sector of
the αβ plane in which the voltage vector lies; this
plane is divided into six di�erent sectors spaced
by 60◦.

• The ramp generator is used to produce a unitary
ramp at the PWM switching frequency; this ramp
is used as a time base for the switching sequence.

• The switching time calculator is used to calculate
the timing of the voltage vector applied to the
machine.

• The gates logic compares the ramp and the gate
timing signals to activate the inverter switches at
the proper time.

4.2 The simulation in Matlab/Simulink of the
SVM generator

The Simulink scheme of SVM generator is pre-
sented in Fig.8, the presentation in detail with
the simulation of the component blocks in Mat-
lab/Simulink and the analyzing of the main signals
is done in [13].

5. ACTIVE AND REACTIVE DFIG INDI-
RECT POWER CONTROL

A dâ��q reference frame synchronized with the
stator �ux is employed. By setting the quadratic com-
ponent of the stator to the null value as follows [7]:

ϕsd = ϕs and ϕsq = 0 (19)
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Fig.8: The Simulink scheme of SVM generator.

Fig.7: The operating principle of the inverter SVM.

Then the torque is simpli�ed as indicated below:

Ce = P
M

Ls
irq · ϕsd (20)

The electromagnetic torque, and subsequently the ac-
tive power; will only depend on the rotor current
along the q-axis. By neglecting the stator resistance
Rs, (9) gives:

Vsd = 0 and Vsq = Vs (21)

In order to calculate angles for the Park transforma-
tion for stator and rotor variables, the stator pulsa-
tion and the mechanical speed must be sensed.

By choosing this reference frame, stator voltages
and �uxes can be rewritten as follows:

Vsd = 0 ;Vsq = Vs = ωS · ϕsd

ϕsd = ϕs = Ls · isd +M · ird ;

ϕrd = Lr · ird +M · isd
ϕsq = 0 = Ls · isq +M · irq ;

ϕrq = Lr · irq +M · isq

(22)

The stator active and reactive power can be written
according to the rotor currents as:

Ps = −Vs
M

Ls
irq (23)

Qs =
V 2
s

ωsLs
− Vs

M

Ls
ird (24)

The arrangement of the equations gives the expres-
sions of the rotor voltages according to the rotor cur-
rents:

i̇rd = − 1

σTr
ird + gωsirg +

1

σLr
Vrd (25)

i̇rg =− 1

σ

( 1

Tr
+

M2

LsTsLr

)
irg − gωsird

+
1

σLr
Vrq

(26)

with

σ = 1− M2

Ls · Lr
;Tr =

Lr

Rr
; g =

ωs − ω

ωs
;Ts =

Ls

Rs

6. SLIDING MODE CONTROLLER

A Sliding Mode Controller (SMC) is a Variable
Structure Controller (VSC). Basically, a VSC in-
cludes several di�erent continuous functions that can
map plant state to a control surface, whereas switch-
ing among di�erent functions is determined by plant
state represented by a switching function [14].

The design of the control system will be demon-
strated for a following nonlinear system [15]:

ẋ = f(x, y) +B(x, t) · u(x, t) (27)

Where x ∈ ℜn is the state vector, f(x, t) ∈ ℜn,
B(x, t) ∈ ℜn×m, u ∈ ℜm is the control vector. From
the system (27), it possible to de�ne a set S of the
state trajectories such as:

S = {x(t)|σs(x, t) = 0} (28)
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Where

σs(x, t) = [σs1(x, t), σs2(x, t), ...., σ(x, t)]
T (29)

and
[
.
]
T denotes the transposed vector, S is called

the sliding surface. To bring the state variable to the
sliding surfaces, the following two conditions have to
be satis�ed:

σs(x, t) = 0, σ̇s(x, t) = 0 (30)

The control law satis�es the precedent conditions is
presented in the following form:{

u = ueq + Un

un = −kfsgn(σs(x, t))
(31)

Where u is the control vector, ueq is the equivalent
control vector, un is the switching part of the control
(the correction factor), kf is the controller gain. ueq

can be obtained by considering the condition for the
sliding regimen, σs(x, t) = 0 . The equivalent control
keeps the state variable on sliding surface, once they
reach it. For a de�ned function φ [16], [17], as shown
in Fig.9:

sgn(φ) =


1, if φ > 0

0, if φ = 0

−1, if φ < 0

(32)

The controller described by the equation (31)

Fig.9: Sgn function.

presents high robustness, insensitive to parameter
�uctuations and disturbances, but it will have high-
frequency switching (chattering phenomena) near the
sliding surface due to function involved. These dras-
tic changes of input can be avoided by introducing
a boundary layer with width ϵ [15]. Thus replacing
sgn(σs(x, t)) by sat(σs(x, t)) (saturation function), in
(31), we have:

u = ueq − kfsat(σs(x, t)) (33)

Where ϵ > 0:

sat(φ) =

{
sgn(φ), if |φ| > ϵ

φ, if φ < ϵ
(34)

Fig.10 shows the saturation function. Consider a Lya-

Fig.10: Saturation function.

punov function [16]:

V =
1

2
σ2
s (35)

From Lyapunov theorem we know that if V̇ is nega-
tive de�nite, the system trajectory will be driven and
attracted toward the sliding surface and remain slid-
ing on it until the origin is reached asymptotically
[15]:

V̇ =
1

2

d

dt
σ2
s = σsσ̇s 6 −η|σs| (36)

Where η is a strictly positive constant.
In this paper, we use the sliding surface proposed

par J.J. Slotine,

σs(x, t) =

(
d

dt
+ τ

)n−1

e (37)

Where: x = [x, ẋ, ..., xn−1]
T is the state vector, xd =

[xd, ẋd, ..., x
n−1
d ]

T
is the desired state vector, e = xd−

x = [e, ė, ..., en−1]
T is the error vector, and τ is a

positive coe�cient, and n is the system order.
Commonly, in doubly fed induction machine

(DFIM) control using sliding mode theory, the sur-
faces are chosen as functions of the error between the
reference input signal and the measured signals [15].

7. APPLICATION OF SLIDING MODE
CONTROL TO DFIG

The rotor currents irq and ird are the images re-
spectively of stator active power Ps and stator reac-
tive power Qs have to track appropriate current ref-
erences, so, a sliding mode control based on the above
Park reference frame is used.

7.1 Quadratic rotor current control with SMC

The sliding surface representing the error between
the measured and reference quadratic rotor current is
given by this relation:

e = irq
∗ − irq (38)

For n = 1 , the speed control manifold equation can
be obtained from equation (37) as follow:

σs(irq) = e = irq
∗ − irq (39)
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σ̇s(irq) = ˙irq
∗ − ˙irq (40)

Substituting the expression of ˙irq equation (26) in
equation (40), we obtain:

σ̇(irq) = ˙irq
∗−

(
− 1

σ

(
1

Tr
+

M2

LSTsLr

)
irq

− gωsird +
1

σLr
Vrq

(41)

We take:

Vrq = V eq
rq + V n

rq (42)

During the sliding mode and in permanent regime,
we have:

σs(irq) = 0, σ̇s(irq) = 0, V n
rq = 0 (43)

Where the equivalent control is:

V eq
rq =

(
˙irq
∗ +

1

σ

(
1

Tr
+

M2

LSTsLr

)
irq + gωsird

)
σLr

(44)

Therefore, the correction factor is given by:

V n
rq = kVrqsat(σs(irq)) (45)

kvrq : positive constant.

7.2 Direct rotor current control with SMC

The sliding surface representing the error between
the measured and reference direct rotor current is
given by this relation:

e = ird
∗ − ird

∗ − ird (46)

For n = 1, the speed control manifold equation can
be obtained from equation (37) as follow:

σs(ird) = e = ird
∗ − ird (47)

σ̇s(ird) = ˙ird
∗ − ˙ird (48)

Substituting the expression of ˙ird equation (25) in
equation (48), we obtain:

σ̇s(ird) = ˙ird
∗−

(
− 1

σTr
ird + gωsirq +

1

σLr
Vrd

)
(49)

We take:

Vrd = V eq
rd + V n

rd (50)

During the sliding mode and in permanent regime,
we have:

σs(ird) = 0, σ̇s(ird) = 0, V n
rd = 0 (51)

Where the equivalent control is:

V eq
rd =

(
˙ird
∗ +

1

σTr
ird − gωsirq

)
σLr (52)

Therefore, the correction factor is given by:

V n
rd = kVrd

sat(σs(ird)) (53)

kVrd
: positive constant.

8. SIMULATION RESULTS

The complete control block diagram employing the
sliding mode controller for stator active and reactive
powers control is shown in Fig. 11. It shows the
overall d-q vector control structure using the stator
�ux oriented frame using the sliding mode controller,
the blocks represent the proposed sliding mode con-
trollers of direct and quadratic rotor current. The
block `dq/abc' makes the conversion between the syn-
chronously rotating and stationary reference frame.
The block `abc /dq' makes the inversion `dq/abc'
block. The block `SVM' shows the control by tech-
nique space vector modulation whose is realized for
the inverter control, which feeds the rotor through a
converter. The block `DFIG' represents the doubly
fed induction generator coupled with wind turbine.
The DFIG used in this work is a 4 kW, whose nominal
parameters are indicated in appendix A. To verify the
feasibility of the proposed control scheme, computer
simulations were performed using Matlab/Simulink
software. The block diagram was realized and ex-
ecuted on Intel Celeron PC having 2.5 GHz CPU,
1GB DDR RAM. In this section, simulation results
are given to illustrate the system performance of the
proposed SMC with SVM inverter schemes and com-
pared with SMC with PWM inverter. The variation
of wind speed is simulated in Fig. 12, the wind speed
is start at 4m/s, at 2.5s, it suddenly changing at 5m/s,
as 4s, it is 8 m/s. Fig. 13 shows the turbine rotor
speed according the MPPT. After each variation of
wind speed, the turbine rotor speed stables totally
with the theoretical value. During this variation pro-
cess, realize the maximum wind energy tracking con-
trol. Fig.14 shows the power coe�cient variation Cp,
it is kept around its maximum value Cp = 5. The Fig.
15 presents the stator active power and theirs refer-
ence pro�les injected into the grid using two level in-
verter controlled by PWM and SVM technique. The
stator reactive power and theirs reference pro�les us-
ing PWM and SVM are presented in Fig.16. After the
Fig.15 and Fig.16 a very good decoupling between the
stator active and reactive powers is obtained in the
two cases where used PWM and SVM technique. It
is clear that the actual stator active power follows its
desired values using the proposed controller incorpo-
rating PWM and SVM technique, and to guarantee
a unity power factor at the stator side, the reactive
power is maintained to zero. Ripples on active and
reactive powers are reduced in SVM case where com-
pared SVM with PWM as shown clearly in Fig.15
and Fig.16. Fig.17 and Fig 18 show stator current
versus time using PWM and SVM respectively with
theirs zoom. Fig.19 and Fig.20 present the rotor cur-
rent of the DFIG using PWM and SVM respectively
and theirs zoom. After Fig.17, Fig.18, Fig.19 and
Fig.20, we observe that with when the wind speed
increasing the amplitude of stator and rotor current
increases. Fig.21 and Fig.22 show the harmonic spec-
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Fig.11: Block diagram of SMC applied to the DFIG.

Fig.12: Wind speed pro�les.

trum of output phase stator and rotor current respec-
tively obtained using Fast Fourier Transform (FFT)
technique for PWM and SVM inverter. It can be clear
observed that the most harmonics are eliminated in
SVM case (THD calculated from the frequency spec-
trum is equal to 2.54% for stator current and 0.96%
for rotor current �as shown in Fig.21.b and Fig.22.b�),
compared to PWM case (THD equal to 6.62% for sta-
tor current and 2.49% for rotor current �as shown in
Fig. 21.a and Fig. 22.a�).

9. CONCLUSION

This paper presents simulation results of sliding
mode control for active and reactive indirect power
control of a DFIG, using the modulation strategy of
the SVM compared with PWM technique. With re-
sults obtained from simulation, it is clear that for the
same operation condition, the DFIG active and reac-
tive power control with SMC using SVM technique
had good performance than the PWM technique and
that is clear in the spectrum of phase stator and ro-
tor current harmonics which the use of the SVM, it is
minimized of harmonics more than PWM technique.
The performance of the DFIG can be further im-

Fig.13: Turbine rotor speed according the MPPT.

Fig.14: Power coe�cient Cp variation.

proved by minimizing the current harmonics in the
stator and rotor current obtaining improved active
and reactive power performance with reduced powers
ripple.
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(a)

(b)

Fig.15: Stator active power injected into the grid
using: (a) PWM and (b) SVM.

APPENDIX

Appendix I. System parameters.

DFIG data:

Rated values:
4 kW, 220/380 V, 50Hz, 15/8.6 A
Rated parameters:
RS = 1.2Ω
Rr = 1.8Ω
LS = 0.1554H
M = 0.15H
P = 2
Mechanical constants:
J = 0.2Kg.m2

f = 0.001N.m.s/rad

Wind turbine data:

R = 3m,G = 5.4, Numberofbleades = 3

Air density value:

ρ = 1.22Kg/m3

(a)

(b)

Fig.16: Stator reactive power using: (a) PWM and
(b) SVM.

Appendix II. Nomenclature.

Turbine

Ωmec mechanical speed of the DFIG
Ωt turbine speed
Pt turbine aerodynamic power
Pm_ref reference mechanical power
Cp power coe�cient
Cp_max maximum power coe�cient
Ct turbine torque
Cem_ref reference electromagnetic torque
v wind speed
vest estimated wind speed
λ tip speed ratio
λopt optimum tip speed ratio
β pitch angle
R blade length
G gear box
DFIG

Ps, Qs active and reactive stator power
Pr, Qr active and reactive rotor power
Vsd, Vsq, Vrd, Vrq stator and rotor d-q frame volt-

ages
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(a)

(b)

Fig.17: (a) Stator current and (b) its zoom using
PWM.

ϕsd, ϕsq, ϕrd, ϕrq stator and rotor d-q frame �uxes
Rs, Rr stator and rotor resistances
Ls, Lr stator and rotor inductances
M mutual inductance
σ leakage factor
Ts, Tr statoric and rotoric time-constant
Ω DFIG speed
Ce electromagnetic torque
Cr load torque
J moment of inertia
f friction coe�cient
P number of pole pairs
ωs, ω stator and rotor angular speed
g slip coe�cient
VDC direct current voltage
Sliding mode control

S, σs(x, t) sliding surface
sgn sign function
sat saturation function
x state vector
xd desired state vector[
.
]T

transposed vector
u control vector

(a)

(b)

Fig.18: (a) Stator current and (b) its zoom using
SVM.

ueq equivalent control vector
un switching part of the control
kf controller gain
e error vector
τ positive coe�cient
n system order
η positive constant

Subscripts

d, q synchronous d-q axis
s, r stator, rotor

Acronyms

DFIM Doubly Fed Induction Machine
DFIG Doubly Fed Induction Generator
WECS Wind Energy Conversion System
MPPT Maximum Power Point Tracking
PWM Pulse Width Modulation
SVM Space Vector Modulation
SMC Sliding Mode Control
THD Total Harmonic Distortion
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(a)

(b)

Fig.19: (a) Rotor current and (b) its zoom using
PWM.
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