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Abstract This paper presents a simple control structure
using rotor flux oriented vector technique for a stand-alone
permanent magnet synchronous generator (PMSG) associ-
ated to PWM rectifier, PWM DC–DC converter and PWM
inverter. The DC–DC converter feeding an electronic load is
controlled to maintain the dc-bus voltage at a desired con-
stant value. The isolated PMSG is assumed to be driven by a
variable speed wind turbine. A sliding mode control strategy
has been developed to regulate the direct axis current, ensure
maximum power tracking issue as well dc-bus voltage reg-
ulation. The online estimation of the rotor flux using sliding
mode concept is provided. The control and estimator stabil-
ity analysis is based on Lyapunov theory. Simulation results,
carried out in Matlab/Simulink software, are presented to
demonstrate the effectiveness of the proposed controlmethod
when the control system operates under load variations and
parameters uncertainties. The proposed adaptive control can
be used in remote area where wind speed is low.

B Godpromesse Kenne
gokenne@yahoo.com;
godpromesse.kenne@univ-dschang.org

Rostand Marc Douanla
douanlarost@yahoo.fr

François Béceau Pelap
fbpelap@yahoo.fr

1 Laboratoire d’Automatique et d’Informatique Appliquée
(LAIA), Département de Génie Electrique, Université de
Dschang, B.P. 134, Bandjoun, Cameroon

2 Laboratoire d’Electronique et de Traitement de Signal
(LETS), Département de Physique, Université de Dschang,
B.P. 69, Dschang, Cameroon

3 Laboratoire de Mécanique et de Modélisation des Systèmes
Physiques (L2MSP), Département de Physique, Université de
Dschang, B.P. 69, Dschang, Cameroon

Keywords PWM converter · Field oriented technique ·
Sliding mode control · MPPT · Time-varying parameter

1 Introduction

1.1 Antecedents and motivations

Renewable energy capacity has increased this last decade
due to its main objective to alleviate the problem of pollution
caused by the traditional energy source. Particularly, wind
energy technology is attracting scientific community as an
interesting solution to produce clean energy especially for
remote and isolated areas.

The use of permanent magnet synchronous machine in
generatormode especially inwind electric systems is becom-
ing more and more popular. This fact is motivated by its
considerable advantages over other types of generators,
namely: the smaller weight and size in relation to power unit;
higher operational reliability because of brushless construc-
tion (rotor without slip-rings); higher efficiency because of
very small energy losses in magnetic rotor. Since the rotor
is made up of permanent magnet there is no need to use
automatic priming capacitors as in the case of cage induc-
tion generator; in addition, the frequency of maintenance
is reduced. The permanent magnet synchronous generator
(PMSG) is suitable for variable speed wind turbine and can
be used without a gearbox, and therefore contributes in the
wind power plant total cost reduction [1–4]. Another interest-
ing fact is that a high number of poles PMSG can operate at
low speed and hence becomes a good candidate for regions
where the wind speed is relatively low. But the PMSG is
a multivariable, nonlinear and highly coupled system with
time-varying parameters. This increases the challenge level
of the well known problem of power efficiency maximiza-
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tion in variable speed wind electric systems. A lot of research
works have been devoted to this end. In [5–7], the control of
PMSG associated to PWM rectifier and driven by a wind
turbine has been reported. In [5], a vector oriented control
based on conventional PI controller is used to regulate the
machine current and the dc-bus voltage. In [6], direct torque
control technique is proposed. But the stator flux estimator
used needs the knowledge of the stator voltage. This may be
problematic in practice in terms of voltage sensor to be used
as it is well known that when the generator is connected to
the converter, the voltage waveform is not sinusoidal. In [7],
feedback linearization based controller has been proposed.
In the above contributions, the investigation of the variation
of PMSG WT parameters as well as maximum power point
tracking problem have not been discussed.

Known for its robustness, fast dynamic response capabil-
ity, design and real-time implementation simplicity, sliding
mode control has widely been used to control a large number
of nonlinear systems [8–12]. Sliding mode control originally
was designed to cope with the uncertainties of the system
parameters and their variations. Extensive studies on slid-
ing mode control of PMSG wind turbine systems to achieve
good performance have been reported [13–18]. Merzoug et
al. [13] proposed a cascaded sliding mode control to regulate
the generator current and the dc-bus voltage, but the maxi-
mum power caption enhancement problem is not addressed.
The works in [14–17] have addressed the problem of the
generator current and speed control as well as the enhance-
ment of the maximum power from the wind. But the authors
have not treated the problem of dc-bus voltage regulation and
the control of the inverter side. In [18], power control of a
wind energy conversion system integrated in a stand-alone
hybrid generation system is proposed. But the proposed con-
trol emphasized only on the power maximization issue since
the dc voltage is imposed by the battery bank.

Although slidingmode control used in [13–18] copes with
system uncertainties, keeping a properly chosen constraint
by means of high-frequency control switching, the adap-
tation of time-varying parameter in the equivalent control
term would improved significantly the efficiency of the over-
all control scheme. High control gains help in suppressing
parameter uncertainty but are likely to excite high-frequency
un-modeled dynamics [9]. While parameter adaptation leads
to high robustness with smaller control gains and hence
resulting in smooth control actions suitable to interface with
PWM units [9].

1.2 Main contributions

In this paper, a solution to the problem of maximum power
caption and current regulation as well as dc-bus voltage regu-
lation of a stand-alone PMSG wind turbine is proposed. The
dc-bus voltage is regulated to its reference value through

a single switch PWM DC–DC converter. For the control of
dc-bus voltage, generator current and generator speed, a chat-
tering free adaptive sliding mode controller is designed. The
proposed control algorithm is robust with respect to PMSG
WTparameters and load variations. The convergence and sta-
bility analysis of the rotor flux estimator and the slidingmode
controller have been proved by using Lyapunov theory. The
speed operation range includes relatively low speeds which
implies that the proposed control system can be applied in
remote areas with low wind speed profile.

1.3 Structure of the paper

The paper is organized as follows. Section 2 deals with the
system description and modeling. In Sect. 3, the control
objective is specified, the maximum power point tracking
algorithm is presented and the proposed nonlinear adaptive
sliding mode control design for current, speed and dc-bus
voltage regulation of PMSG is described. Guidelines for load
side converter control are provided. In Sect. 4, simulation
results using the conventional PI control and the proposed
sliding mode approaches are reported and some concluding
remarks are given in Sect. 5.

2 System modeling

The structure of the stand-alone wind conversion system
studied in this work (Fig. 1) consists of:

• Wind turbine,
• Gearbox,
• Permanent magnet synchronous generator,
• Three phase PWM rectifier (generator side converter)
used to control the generator current and realize the max-
imum power point tracking,

Fig. 1 Control system diagram
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• Electronic load controller (DC–DC converter) used to
regulate the dc-bus voltage,

• Three phase PWM inverter (load side converter) used
to maintain the load voltage at constant amplitude and
constant frequency,

• LC filter which attenuates the harmonics produced by the
three phase PWM inverter,

• Two loads: a main load (AC load) and an electronic load
which can be a heater or a battery storage system.

2.1 Wind turbine model

The general equation of the power captured from the wind
by the wind turbine is given as follows:

Pt = 0.5ρπr2Cp(λ, β)v3w

where ρ is the density of air, r is the rotor radius, Cp is
the power coefficient and vw is the wind speed. The power
coefficient is a function of the tip-speed-ratio λ and the blade
picth angle β. The tip-speed-ratio is defined as:

λ = r�t

vw

= r�

Gvw

, G = �

�t
= Tt

Tm
(1)

�t and Tt are the blade side rotor speed and aerodynamic
torque respectively. G is the gearbox ratio. � and Tm are
the generator side rotor speed and mechanical torque. The
aerodynamic torque is calculated from the power and the
rotor speed as follows:

Tt = Pt
�t

= 0.5ρπr3
Cp(λ, β)

λ
v2w

The power coefficient model depends on the wind turbine
characteristics. The expression used in this work has been
taken from [19] and is given by:

Cp(λ, β)=0.5176

(
116

λi
− 0.4β − 5

)
e−21/λi + 0.0068λ

(2)

with

1

λi
= 1

λ + 0.08β
− 0.035

β3 + 1
.

The dynamic equation of the wind turbine referred to the
generator side is given by:

d�

dt
= Tm

J
− f �

J
− Te

J
(3)

where J is the inertia of the rotating parts, f the friction
coefficient andTe the electromagnetic torqueof the generator.

2.2 Nonlinear dynamics of PMSG

The dynamic model of a surface mounted PMSG associated
toPWMrectifier, PWMDC–DCconverter andPWMinverter
(Fig. 1) in the synchronously rotating d–q reference frame
is given by [20–23]:

i̇sd = − Rs

Ls
isd + p�isq − vsd

Ls
(4)

i̇sq = − Rs

Ls
isq − p�isd + p�φr

Ls
− vsq

Ls
(5)

Te = 3

2
pφr isq (6)

φsd = Lsisd + φr , φsq = Lsisq (7)

vsd = Sdvdc, vsq = Sqvdc (8)

v̇dc = 1

C
(Sdisd + Sqisq) − Svdc

CRE
− ii

C
(9)

u̇ = 3p�φr

C
isq − 2Su

CRE
− 2Pi

C
, with u = v2dc (10)

In the above equations, φr is the rotor flux, � is the rotor
mechanical speed, isd and isq are the stator current compo-
nents, vsd and vsq are the stator voltage components, Rs and
Ls are the stator resistance and inductance, Te is the elec-
tromagnetic torque, p is the number of pole pairs and vdc is
the dc-bus voltage. C is the dc-bus capacitor, RE denotes the
electronic load resistance. S is the switching function stating
theON/OFF positions of theDC–DC converter switch. ii and
Pi are the inverter current and active power respectively.

θ = p
∫

� dt is the angular position of generator voltage.
Sd and Sq are the (a, b, c)− (d, q) reference frame transfor-
mation of the switching functions Sa , Sb and Sc for the PWM
technique. The state of Sk, k = a, b, c is defined as

Sk =
{+1, S̄k = −1

−1, S̄k = +1
(11)

3 Proposed control strategy

3.1 Control objective

The following assumptions will be considered until further
notice.

(i) The rotor speed, the stator current and voltage are
bounded signals as well as the dc voltage.

(ii) It is also assumed that the electrical parameters vary
slowly (e.g. the rate of variation of these parameters are
negligible compared to other dynamics of the PMSG
states variables).
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The main control objective is to control the PMSG in such a
way that under wind speed fluctuations the machine current
and the dc-bus voltage are regulated as well as the maximum
power is harnessed from the wind energy. For this end we
design a nonlinear adaptive controller that forces the d-axis
current to track the desired reference i∗sd = 0 and regulates
the rotor speed to its optimal value �opt . The third control
action is designed to track the dc voltage set reference v∗

dc
while the fourth controller design is to maintain the load
voltage at constant amplitude and constant frequency through
the inverter.

3.2 Maximum power point tracking

For each wind velocity, there is a maximum power that the
turbine can extract if operated at a particular (or optimum) tip
speed ratio (λopt ). The power coefficient in (2) achieves its
maximum value (Cpmax = 0.48) for β = 0 and λ = λopt =
8.1. By solving equation (1) for � we obtain:

�opt = λoptGvw

r
(12)

Therefore, in order to obtain maximum possible power, the
turbine must operates at λopt and this is possible by control-
ling the turbine rotational speed such that it always tracks the
reference or optimum speed �∗ = �opt .

3.3 Direct axis current control and generator speed
regulation

In order to derive the control of the PMSG d-axis current, we
rewrite (4) in the following form:

i̇sd = fisd + gisdvsd (13)

with

fisd = − Rs

Ls
isd + p�isq , gisd = − 1

Ls

By replacing the electromagnetic torque by its expression in
(6) and taking the time derivative of (3), we obtain:

�̈ = Ṫm
J

− f �̇

J
− 3pφr i̇sq

2J
(14)

Taking into consideration the fact that the control algorithm
needs the derivative of Tm , which is a non measurable, we
exploit the work in [24], and replace Tm by

Tmopt = Kopt�
2, with Kopt = 0.5ρπr5

Cpmax

(Gλopt )3
(15)

In order to obtain the dynamic of the rotor speed which con-
tains the control variable vsq , we replace �̇ and i̇sq by their
expressions given, by (3) and (5) respectively:

�̈ = 2Kopt� − f

J 2
(
Kopt�

2 − f � − 3pφr isq
2

)

+ 3pφr

2J Ls

(
Rsisq + p�Lsisd − p�φr + vsq

)
(16)

Equation (16) can be rewritten as:

�̈ = f� + g�vsq (17)

with

f� = 2Kopt� − f

J 2

(
Kopt�

2 − f � − 3pφr isq
2

)

+ 3pφr

2J Ls

(
Rsisq + p�Lsisd − p�φr

)
,

and g� = 3pφr

2J Ls
.

Remark 1 The control goals of the rectifier can now be
viewed as a decoupling problem since vsd and vsq given by
(13) and (17) are responsible for the d-axis current control
and rotational speed control respectively. Let us denote the
d-axis current and rotor speed tracking errors by

eisd = isd − i∗sd
e� = � − �∗

The errors dynamics are computed as

ėisd = fisd + gisdvsd − i̇∗sd (18)

ë� = f� + g�vsq − �̈∗. (19)

Assuming that the rotor flux is available, let us choose the
sliding manifolds [25] (Cisd > 0 and C� > 0 are tuning
parameters)

Sisd = eisd + Cisd

∫
eisd dt (20)

S� = ė� + C�e� (21)

and the Lyapunov candidate function

V = 1

2
S2isd + 1

2
S2�. (22)

Computing the time derivative of V , we obtain

V̇ = Sisd Ṡisd + S� Ṡ�. (23)
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Choosing (Kvsd and Kvsq are positive constants)

vsd = vsdeq − Kvsd Sisd (24)

vsq = vsqeq − Kvsq S� (25)

where

vsdeq = 1

gisd

(
i̇∗sd + Cisd i

∗
sd − fisd − Cisd isd

)
(26)

vsqeq = 1

g�

{
�̈∗ + C��̇∗ − f� − C�

J(
Kopt�

2 − f � − 3pφr isq
2

)}
(27)

are the unique solution of Ṡisd = 0 and Ṡ� = 0, respectively,
the time derivative of V becomes

V = −Kvsd S
2
isd − Kvsq S

2
�. (28)

Therefore, |Sisd | → 0 and |S�| → 0 exponentially and con-
sequently eisd and e� converge exponentially to zero.

3.4 Rotor flux estimator

In this section online estimator of the rotor flux is provided.
Taking equation (15) into consideration, we rewrite (3) as
follows

�̇ = Kopt�
2 − f �

J
− 3p

2J
φr isq . (29)

Let us consider the following observer (K1 > 0 is the positive
design parameter)

˙̂
� = Kopt�

2 − f �

J
− 3p

2J
φ̂r isq − v1, v1 = K1sign(�̃).

(30)

The estimated quantities are shown as x̂ while the error quan-
tities are shown as x̃ = x̂−x (e.g. �̃ = �̂−�, φ̃r = φ̂r−φr ).
The dynamic of observation error can be computed using (29)
and (30) as:

˙̃
� = −3p

2J
φ̃r isq − v1 (31)

To achieve the designofφr identifier, the following additional
assumption is required.

Assumption (iii) It is assumed that the following parameter
identifiability condition holds: − 3pisq

2J �= 0 ∀t ≥ 0.
We now consider the following Lyapunov function candidate

V1 = 1

2
�̃2. (32)

Its time-derivative along the trajectories of (31)

V̇1 = −K1|�̃| − 3pφ̃r isq
2J

�̃. (33)

Assuming that the estimate φ̂r is bounded, let positive con-
stant ξ1 be available such that:

ξ1 =
∣∣∣∣∣
3pφ̃r isq

2J

∣∣∣∣∣
m

(34)

where |.|m denotes the maximum value of |.|. By taking into
account the above assumption and assumption (i), the fol-
lowing inequality holds:

V̇1 ≤ −|�̃|
(
K1 −

∣∣∣∣∣
3pφ̃r isq

2J

∣∣∣∣∣
)

(35)

By choosing

K1 > ξ1 (36)

the derivative of V1 will be negative definite ∀�̃ �= 0. There-
fore, the observer error �̃ converges to 0 if K1 is chosen such
that condition (36) is satisfied.
Let us now consider the following quadratic function of the
rotor flux estimation error

V2 = 1

2
φ̃2
r . (37)

Its time-derivative yields

V̇2 = ˙̃
φr φ̃r (38)

If we choose ˙̃
φr as follows (Kφr > 0 is a designed parameter)

˙̃
φr = ˙̂

φr = −Kφr φ̃r (39)

V̇2 becomes

V̇2 = −φ̃2
r . (40)

Consequently, under assumption (iii) and if the auxiliary vari-

able ˙̃
φr is chosen as in (39), V̇2 will be negative definite

∀φ̃r �= 0. Thus, φ̂r converges to its nominal valueφr . In order
to complete the identification algorithm, the implementable
expression of φ̃r is required. Under condition (36) a sliding
mode occurs on the manifold

�̃ = 0. (41)

The equivalent control v1eq [26] is the unique solution of
˙̃
� = 0. Therefore, (31) can be rewritten as

0 = −3p

2J
φ̃r isq − v1eq . (42)
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We approximate v1eq by using first order low-pass filter using
the work of [9]. Rearranging (42), we obtain

φ̃r = v1eq

− 3p
2J isq

, with v1eq = v1

1 + τ1s
. (43)

Finally the overall control algorithm taking into account the
interconnection between the d-axis current and rotor speed
controllers as well as the rotor flux estimator is given by the
set of the following Eqs. (44–53).

vsd = vsdeq − Kvsd Sisd , vsq = vsqeq − Kvsq S� (44)

Sisd = eisd + Cisd

∫
eisd dt, S� = ė� + C�e� (45)

eisd = isd − i∗sd , e� = � − �∗ (46)

vsdeq = 1

gisd

(
i̇∗sd + Cisd i

∗
sd − fisd − Cisd isd

)
(47)

vsqeq = 1

ĝ�

{
�̈∗ + C��̇∗ − f̂� − C�

J

(
Kopt�

2 − f �

− 3pφ̂r isq
2

)}
, ĝ� = 3pφ̂r

2J Ls
(48)

fisd = − Rs

Ls
isd + p�isq , gisd = − 1

Ls
(49)

f̂� = 2Kopt� − f

J 2
(
Kopt�

2 − f � − 3pφ̂r isq
2

)

+ 3pφ̂r

2J Ls

(
Rsisq + p�Lsisd − p�φ̂r

)
, (50)

˙̂
� = Kopt�

2 − f �

J
− 3p

2J
φ̂r isq − v1 (51)

˙̃
φr = ˙̂

φr = −Kφr φ̃r , φ̃r = φ̃r = v1eq

− 3p
2J isq

(52)

v1 = K1sign(�̃), v1eq = v1

1 + τ1s
. (53)

3.5 DC-bus voltage regulation

In order to regulate the dc-link voltage, a PWMDC–DC con-
verter feeding an electronic load is proposed. This consists
of an insulated gate bipolar transistor (IGBT) operating as a
chopper connected in series with a dump load resistance RE .
This dump load is designed such that when the duty cycle
of the chopper is unity (during fault or over-generation), it
should consume the maximum output power of the generator
(Fig. 2).

Following the same reasoning as in the case of d-axis
current and rotor speed control design, we rewrite (10) as:

u̇ = fu + guvu with

fu = 3p�φr

C
isq − 2Pi

C
, gu = − 2

CRE
, vu = Su, (54)

Fig. 2 Structure of the proposed adaptive nonlinear controller

Fig. 3 Structure of inverter PI control

Fig. 4 Structure of the PI controller

and derive the control signal responsible of dc voltage regu-
lation as (Ku > 0):

vu = vueq − KuSu, vueq = 1

gu

(
u̇∗ − fu

)
,

Su = eu, eu = u − u∗, u∗ = v∗2
dc .

(55)

The detailed structure of the proposed adaptive nonlinear
controller (NLC) is shown in Fig. 3.
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Table 1 PMSG parameters

Parameters Nominal values

Rotor inertia, J 7.856K gm2

Blade radius, r 1.84m

Stator resistance, Rs 0.3676�

Stator inductance, Ls 3.55mH

Rotor flux, φr 0.2867Wb

Number of poles, 2p 28

DC-bus capacitor, C 2200µF

3.6 Inverter side control

The purpose of the inverter control is to regulate the ampli-
tude and frequency of the load voltage. In this work, this task
is achieved by a conventional PI controller that regulates the
dq-components of the load voltage. The state equations used
to design the controller in the (d, q) reference frame are given
by [27]:

i̇ f d = − R f

L f
i f d + ωLi f q + vid

L f
− vd

L f
(56)

i̇ f q = − R f

L f
i f q − ωLi f d + viq

L f
− vq

L f
(57)

v̇d = i f d
C f

+ ωLvq − iLd
C f

(58)

v̇q = i f q
C f

− ωLvd − iLq
C f

(59)

where R f , L f andC f are the filter resistance, inductance and
capacitance respectively. The dq-voltages controller block
along with the required input signals and their associated
output signals are depicted in Fig. 4. It is worth mentioning
that, it is the imposed value of ωL which helps to regulate
the frequency of the load voltage through (d, q)–(a, b, c)
reference frame transformation.

4 Simulation results and discussion

The effectiveness of the proposed adaptive nonlinear control
algorithm has been verified by numerical simulation using
Matlab/Simulink software environment. The parameters of
PMSG, taken from [28], are listed in Table 1. This particular
high number of poles PMSG is suitable for gearless-drive
WT. However, to deal with flexible transmission which is
more realistic, a gearbox ratio G = 1.2 has been considered
in this work.

For comparison, simulations using conventional Propor-
tional Integral (PI) control method are carried out. The
structure of the PI controlmethod is shown in Fig. 2. The con-
trol gains used for all simulations are given as follows. Direct
axis current and rotor speed control: Cisd = 10, Kvsd = 30,
C� = 190 and Kvsq = 0.6; flux estimation and dc voltage
control: K1 = 10, Kφr = 8000 and Ku = 0.5. Rectifier PI
controller: current regulation PIsd : KP = 33, KI = 3425;
PIsq : KP = 33, KI = 3425; speed regulation: KP = 11,
KI = 61. Inverter control: current regulation PId : Kp = 15,
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Fig. 5 Performance underwind speed and load variationswhen PMSG
WT parameters are assumed to be constant. a Case of the PI regu-
lator. b Case of the proposed nonlinear controller (NLC). i—Stator

d-axis current, i i—stator q-axis current, i i i—turbine torque, iv—
electromagnetic torque
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Fig. 6 Performance underwind speed and load variationswhen PMSG
WTparameters are assumed to be constant. i—Wind speed profile, i i—
rotor speed, i i i—power coefficient, iv—dc-bus voltage

KI = 0.8; PIq : KI = 15, KI = 0.8; voltage regulation: PId :
KP = 1, KI = 0.5; PIq : KP = 0.4, KI = 50; load voltage
frequency: ωL = 100π rad/s.

In all simulations awindprofilewhich startswith lowwind
speeds and ends with high wind speeds has been used. For
0≤t≤4 s the mean value of the wind speed profile is 6.5m/s
while for 4 s≤t≤6 s, this value is 9.5m/s. To test the robust-
ness of the control scheme face to different types of loads
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Fig. 8 Performance underwind speed and load variationswhen PMSG
WT parameters are assumed to be constant. Zoom during transients
on: i—rotor speed tracking error, i i—power coefficient, i i i—dc-bus
voltage tracking error

in all simulations, the control system starts with a capaci-
tive load (RC) at time t = 0 s. At time t = 1.5 s, sudden
change, from capacitive load to inductive load (RL), is per-
formed. Finally, at time t = 2.5 s, instantaneous variation
from inductive load to capacitive-inductive load (RLC) is
realized. The values of different loads have been chosen as
follows: R = 250�, L = 50mH and C = 30µF.
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Fig. 9 Performance under wind speed, load and PMSGWT electrical
parameters variations (parameters variations occurred simultaneously
at time t = 1s with+100% for Rs ,+50% for Ls and−20% for φr ). a
i—Wind speed profile, i i—rotor speed tracking error, i i i—power coef-

ficient, iv—dc-bus voltage tracking error, v−Rotor flux. Zoom during
transients on: b i—rotor speed tracking error, i i—power coefficient,
i i i—dc-bus voltage tracking error
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Fig. 10 Performance under wind speed, load and PMSG-WT parame-
ters variations (parameters variations occurred simultaneously at time
t = 1s with +100% for Rs , +50% for Ls , −20% for φr and +30%
for J ). a i—Wind speed profile, i i—rotor speed tracking error, i i i—

power coefficient, iv—dc-bus voltage tracking error, v—Rotor flux.
Zoom during transients on: b i—rotor speed tracking error, i i—power
coefficient, i i i—dc-bus voltage tracking error

The set of Figs. 5, 6, 7 and 8 shows simulation results
under nominal values of PMSG WT parameters. It can be
seen from Fig. 5 that the generator d-axis current converges
rapidly to zero. It is visible from Figs. 6 and 7 that the rotor
speed converges to its optimal reference and the power coef-

ficient is near themaximumvalue indicating the achievement
of maximum power transfer for wind speed variation. From
these figures, one can also notice that the dc voltage tracks
its constant reference 540V and the load voltage amplitude
is properly regulated at 311V. It is clearly observable in
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Fig. 8 that during transition periods, the proposed controller
presents smaller response times and less overshoot values
compared to the results obtained using PI control method.

In Fig. 9, the electrical parameters variation of PMSG is
performed from time t = 1 s. The stator resistance, the sta-
tor inductance and the rotor flux are simultaneously changed
up to +100, +50 and −20% respectively from their nomi-
nal values. It is seen on Fig. 9a that the rotor flux estimate
converges to its nominal value. One can notice that the track-
ing errors have increased under these variations in the case
of (see Fig. 9b) PI controller while the proposed nonlinear
controller still presents good performance.

Figure 10, shows simulation results obtainedwhen theWT
inertia is changed up to +30%, simultaneously with PMSG
electrical parameters variations. It is observed on Fig. 10a
that these variations do not affect the rotor fux estimation.
It can be clearly seen from Fig. 10b that the proposed con-
trol method provides better performance during transitions
periods than the PI control method.

5 Conclusion

In this paper, a nonlinear control strategy is developed for a
stand-alone PMSGWT system under variable wind speed. A
DC–DC converter feeding an electronic load has been added
in parallel to a three phase PWM rectifier to control the dc-
bus voltage. An adaptive sliding mode control strategy has
been developed to regulate the direct axis current, ensure
maximum power tracking issue as well dc-bus voltage regu-
lation. The amplitude and frequency of the stand-alone load
voltage are regulated through a three phase PWM inverter.
The simulation results have shown that the performances of
the proposed adaptive control strategy are satisfactory given
the global system convergence and robustness with respect to
load variations and parameters uncertainties. The proposed
adaptive control can be used in remote areawherewind speed
is low.
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