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Abstract

2.1. Computation of the reference rotor currents

This paper present the modeling and Back-stepping control
(BSC) of Double-Fed Induction Generator (DFIG) integrated
into a wind energy system. The goal is to apply this technique
to control independently the active and reactive power
generated by DFIG, and compared with Sliding mode control
(SMC). The system performance was tested and compared by
simulation in terms of reference tracking and robustness to
disturbance rejection and with respect to the machine
parameters variation.

We define the errors e1 and e2 representing the error between
the actual power Ps and the reference power Pref and the error
between reactive power Qs and its reference Qref .
e1  Pref  ps

e2  Qref  Qs

The derivative of this equation gives:
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1.

(1)

INTRODUCTION

Recently the development and use of renewable energy have
experienced strong growth. Among these energy sources, the
wind one has a fairly important potential; it is not powerful
enough to replace the existing sources, but still can compensate
for the increasing reduction of demand.There is a new solution
using alternating machine operating in a rather unusual way; it
is the double-fed induction machine (DFIG) [1].

(2)

(3)

The first Lyapunov function is chosen sosuch that:
v1 

1 2
(e1  e22 )
2

(4)

Its derivative is:

DFIG is the most used in wind farms since it enjoys certain
advantages over all other types with variable speed, its use in
the electromechanical conversion chain as a wind turbine or
engine has grown dramatically in recent years [2].
Several real systems and precisely electrical machines, include
external disturbances, nonlinearities and parametric variations.
This makes it difficult to control this kind of system with the
conventional PID correctors, especially when the accuracy,
stability and speed of the system are strictly required. So we
have to use commands that are insensitive to parameter
variations and nonlinearities [3]. In this context, several robust
control methods of DFIG appeared such us Back-stepping and
sliding mode control are.

v1  e1e1  e2 e2
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The pursuits of goals are achieved by choosing the
references of the current components representing the
stabilizing functions as follows:
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2.

BACK-STEPPING CONTROLLER DESIGN



With:

This technique is a relatively new control method for nonlinear
systems. It allows sequentially and systematically, by the
choice of a Lyapunov function, to determine the system's
control law. Its principle is to establish in a constructive
manner the control law of the nonlinear system by considering
some state variables as virtual drives and develop intermediate
control laws [4] [5].

X 

Ls
Vs MRr

,   Ls  M 2 ,   Lr  M 2
Ls

Where:
k1 , k 2 : positive constants.
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The final Lyapunov function is given by:

The derivative of the Lyapunov function becomes:
v1  k1e12

 k 2 e22

I qrref

So,

and

(9)
I drref

v2 

in (8) are asymptotically stable.

1 2 2 2 2
(e1  e2  e3  e4 )
2

(15)

The derivative of equation is given by:
v2  e1e1  e2e2  e3e3  e4e4

(16)

2.2. Computation of the control voltages.
We define the errors e3 and e4 respectively representing the
error between the current quadrature rotor I qr and the

Which can be rewritten as follows:
v2  k1e12  k 2 e22  k3e32  k 4 e42

reference current I qrref and the error between the direct rotor

1


 e3  k3e3  Iqrref  Vqr  S1 



1


 e4  k 4 e4  Idrref  Vdr  S 2 




current I dr and I drref reference.
e3  I qrref  I qr

e4  I drref  I dr

(10)

Where: k 3 , k 4 Positive constants.

The derivative of this equation gives:
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Control voltages Vqr and Vdr are selected as:
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Vqr   k3e3  I qrref  S1



Vdr   k 4e4  I drref  S 2

(12)

(18)

Which ensures: v2  0
The stability control is obtained by a good choice of gains:
k1 , k 2 , k3 and k 4 .

With:
S1 

(17)






 Rr I dr  gs I qr 

(13)

The general structure of control by the backstepping of DFIG

(14)

is illustrated in Figure (1) the blocks computation

I qrref

I drref

and

represent the fictitious control, respectively provide
current references obtained from the errors of active and
reactive power [6].

Actual control laws of the machine Vqr and Vdr shown in
(12), then we can go to the final step.

V

V

The computation of commands voltages qr and dr are
based on the error between the currents references and actual
implanted by equation (18)

Fig.1: Block diagram of the control with power loop
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3.

The convergence condition is expressed by the following
equation:

SLIDING MODE CONTROLLER DESIGN:

The sliding surface is described by s=0, and the sliding mode
along the surface commences after the finite time when
system trajectories have run to the surface. Figure (2) shows
an example trajectory of a system under sliding mode control
[7].

(S ( X )).(S ( X ))  0

(22)

3.3. Computation of the control

In particular, the implementation of the sliding mode
controller requires three steps:

The control algorithm is defined by the following relation:
u  ueq  un

(23)

-

Choice of sliding surface

-

determination of the convergence condition

Where u : is the size of the control signal, ueq : is the size of

-

computation of the control

equivalent control signal and

u n is the switching term

control to reject external disturbances and that can be given
by [10].
un  K .sign ( S ( X ))

K  0

(24)

Active and reactive powers can be expressed as the
derivative of the sliding surface:

Fig.2: Sliding mode control demonstration

3.1. Choice of sliding surface
We consider the nonlinear system presented by the following
equation [8]:


 X  f ( X , t )  g ( X , t )u ( X , t )
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Where f ( X , t )  g ( X , t ) are two non-linear functions, the
following function is used to determine the sliding surface.
d

n 1
e
S ( X )  ( dt   )

e  X ref  X


S ( P)  ( Pref  Pmes )





S (Q)  (Qref  Qmes )

(20)

(28)

The greatness of the equivalent control can be written in the
following form:

Where e is the size of the error, is a positive coefficient, n is
the relative degree, X ref is the desired size, and X is the
reference.

 eq

Vrq  ( Pref


V eq  (Q
ref
 rd

Ls Lr
 Rr I rq ))
LmVs
Ls Lr
 Rr I rd )
LmVs

(29)

3.2. The convergence condition

During the sliding mode and steady state we have:

The convergence condition is defined by the Lyapunov
function. This allows converges to the sliding surface. So we
have to present a scalar function of Lyapunov V(X)>0 [9].

S ( P)  0 & S (Q)  0



S ( P)  0 & S (Q)  0
 n
n
Vrq  0 & Vrd  0

Either the Lyapunov function positive definite, in order that
the function V(X) can decrease, it is simply make sure that
that:
V (X ) 

1 2
S (X )
2

(21)
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The condition: S (P)S ( P)  0 and S (Q)S (Q)  0 is verified:
Lm

n
S ( P)  (Vs L L  Vrq )

s r

S (Q)  (V Lm V n )
s

Ls Lr rd

(31)

The switching term is given by:
V n  K sign ( S ( P))
1
 rq
 n
Vrd  K 2 sign ( S (Q))


(32)

The stability control is obtained by a good choice of gains:
K1 , K 2 .

Fig.4: Power coefficient

Cp (  , 

)

Multiplier model:
4.

SYSTEM OVERVIEW
Cmec 

The turbine that we will study is a 10 kW wind turbine. It is a
three-bladed horizontal axis model, the length of a blade is
3.5m and the speed multiplier ratio is 5.8.

Cturbine
G

(39)

4.2. Model of the shaft:
The fundamental equation of dynamics can be written [12]:
J

d mec
 Cturbine  f mec
dt

With: mec  Gturbine

(40)
(41)

4.3. Modeling of the DFIG
The model of DFIG is equivalent to the model of the
induction machine cage. However, the rotor of the DFIG is
not shorted [13]

Fig.3: Control structure of DFIG in WECS.

.
4.1. Modeling of the wind turbine:

4.3.1. Park transformation:

The total kinetic power available on a wind turbine is given
by [11]:

The classical electrical equations of the DFIG in the Park
frame are written as follows [14]:

Pmax 

1
1
Svv3  R 2vv3
2
2

d sd 

Vsd  Rs I sd  dt   s sq

V  R I  d sq   
sq
s sq
s sd
dt


(33)

The aerodynamic power is given by:
Pmax 

1
C p     . .R 2 .vv3
2

drd 

Vrd  Rr I rd  dt   srq

V  R I  drq   
s rq
s rd
 rq
dt

(34)
 C5 

C
  
C p  f   ,    C1  2  C3   C4  e   C6  (35)
 i

i

(42)

(43)

The stator and rotor flux can be expressed as:

With:
pm
1

C p     R 2v13
1 21

(36)

ds  Lsids  MI dr

qs  Lsiqs  MI qr

(44)

1  R2 
2 3
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  R v1
2  KV1 

(37)

dr  Lr idr  MI ds

qr  Lsiqr  MI qs

(45)

1
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1
0.035
 3
  0.08   1

The electromagnetic torque is given by the following
expression:
Cem  P

666

M
(ds I qr  qs I dr )
Ls

(46)
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4.3.2. Mechanical Equation.
d 1
 (Cem  Cr  f r )
dt
J
Cem  P  I s  
T

d
( M sr  I r )
d

(47)
(48)

The previous equations used to establish a block diagram of
the electrical system to regulate:

5.

SIMULATION RESULTS:

The Control of The DFIG proposed was simulated using
(Matlab / Simulink). The parameters of the DFIG are
attached in appendix.
In this work we present the response of the DFIG under the
(BSC), and the (SMC), the following figures illustrate the
active and reactive power and electromagnetic torque with
change of parameters (Rr and Ls).

Fig.7: Response to the Electromagnetic torque using SMC
and BSC when step change of wind speed

The machine speed is attached to 1450 rpm in ideal
conditions, the active power reference P ref is 2kW, 7kW and
5kW. The reactive power reference Qref is 0 Var. Figure 5
and 7 shows respectively the response of active and reactive
power and electromagnetic torque by the SMC and BSC.

Fig.8: Zoom on response to the Electromagnetic torque
using SMC and BSC when step change of wind speed

Fig.5: Response to the active and reactive power using SMC
and BSC when step change of wind speed

From the figure, we can conclude that the stator active and
reactive power Ps and Qs and also the electromagnetic torque
follow the variation of wind speed. We note a quicker
response for the (BSC) and some fluctuations in (SMC)
response.
Robustness test:
The parameters of the system are subject to changes driven
by different physical phenomenal, so our controller should
provide good control whatever the variation of the generator
parameters. In order to test the robustness of the controller
we varied the rotor resistance Rr to 2Rr, and the inductance
value of the stator 10% from its nominal value. Figures 9,
10, 11, 12 and 13 respectively show the effect of varying the
parameters of the generator Rr, and Ls on the response of the
active and reactive power and electromagnetic torque.

Fig.6: Zoom on response to the active and reactive power
using SMC and BSC when step change of wind speed
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Fig.9: Active and reactive power with Rr variation (2Rr)

Fig.12: Active and reactive power with Ls variation(10%)

Fig.13: Electromagnetic torque with Ls variation (10%)
Fig.10: Zoom on active and reactive power
with Rr variation (2Rr)
From simulation results, as one can see the parametric
variation causes fluctuations in SMC response, we found that
the Back-stepping controller is more robust, the response
time is almost the same despite changes in the parameters of
the DFIG.

6.

CONCLUSION

The first part of this work is devoted to the design of a
backstepping control law for DFIG.This law is established
step by step while ensuring the stability of the loop machine
closed by a suitable choice of the function of Lyapunov.
The second part presents the sliding mode control technique
applied to control an active and reactive powers of DFIG
The three part presents the modeling of the turbine and
controlling of the machine based on the physical equations,
followed by simulation of operation.
In the end the simulation result allows us to show the
proposed algorithm capabilities, in terms of regulation,
tracking and disturbance rejection, and demonstrating the

Fig.11: Electromagnetic torque with Rr variation (2Rr)
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Engineering (EEEIC), 2011
Conference on. IEEE, 2011.

robustness of this technique can advantageously replace
conventional (SMC). From a conceptual point of view, we
can notice that the BSC is simpler is easier to implement and
has very interesting global stability properties.
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Blade Radius

R=3 m

Base wind speed

12 m/s

Power coefficient

0.48

Optimal relative wind
speed

8.1

Table 2: DFIG parameters
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Rated power

10kw

Rated stator voltage

Vs=220V

Nominal frequency

Ws=2π50

Number of pole pairs

P=2

Rotor resistance

Rr=0.62Ω

Stator resistance

Rs=0.455Ω

Stator inductance

Ls=0.084 H

Rotor inductance

Lr=0.085 H

Mutual inductance

M=0.078 H

Sliding

g=-0.03
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Power coefficient constants:

c1  0.5176 , c2  116 , c3  0.4 , c4  5 , c5  21 , c6  0.0068

Back-stepping parameters:
k1  80600 , k2  900600 , k3  5000 , k4  6000

Sliding mode parameters:
k1  650 , k 2  200 ,

Table 2: List of symbols
Symbol

Signification



Air density

R

Blade radius

vv

Wind speed (m/s)

Pmax

Wind maximum power

Cp

Power coefficient



Relative wind speed

1

Wind turbine speed(Shaft speed)

 mec

Mechanical speed (rpm)

Cmec

Wind turbine torque (Nm)

Cem

Electromagnetic torque(Nm)

G

Mechanical speed multiplier

Vdr ,Vqr

Direct and quadrature rotor voltages

J

Moment of inertia(Kg.m²)

f

Damping coefficient

Cturbine

Wind turbine torque (Nm)
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