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Abstract – This paper aims to present and compare two techniques used to smooth the injected power in the grid from a doubly-
fed induction generator (DFIG) based conversion system. The first technique based on an inertial storage system while the second 
is founded on limiting the power captured by the wind turbine. The overall system composed of a wind energy conversion system 
(WECS) allowing to convert a wind power into electric power. It is controlled by two converters, grid side converter and a rotor side 
converter, both are controlled by sliding mode. The storage system is used to consume power which exceeds the setpoint due to 
storing it or producing more in the event of a lack, the system is controlled through the flywheel side converter by the sliding mode. 
Numerical simulations were carried out using Matlab/Simulink software.
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1. INTRODUCTION

In recent years, the need for electricity has continued 
to increase. Research projects have focused on clean 
and inexhaustible sources of energy, of which renew-
able energy is part. More precisely and thanks to its ad-
vantages, researchers have turned to wind energy. 

Different structure of wind energy conversion sys-
tem exists, the most used one is based on DFIG. It has 
emerged as one of the most economical and efficient 
solutions for the electrical energy generation. It is com-
posed of a doubly-fed induction generator DFIG, with a 
direct connection of the stator to the grid, connection 
of  its wound rotor through two power converters [1]. 
The first converter is the RSC (Rotor Side Converter) it 
controls the DFIG’s active and reactive power, the sec-
ond GSC (Grid Side Converter) it controls the DC link’s 
voltage. Several researches have been carried out on 
the control of these power converters in order to prop-
erly control the generated power.
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Different techniques exist to control the converters 
such as the PI regulators, the Backstepping technique, 
the direct power control, the Active Disturbance Rejec-
tion Control (ADRC), the direct torque control and the 
control by sliding mode, which will be used in this work. 
These techniques are not efficient against the wind 
fluctuation, it remains an inevitable and direct threat. in 
fact, the wind fluctuations appear at the level of the pro-
duced power, therefore we see that the power produced 
does not follow its reference, when the wind speed de-
creases, we produce less than what is required, when it is 
the reverse, we produce more than we need.

 To remedy this problem, it is necessary to act either 
before the conversion on the mechanical part by re-
ducing the blades’ rotational speed acting on their ori-
entation, or after the conversion by using the storage 
of energy technique [2]. In the mechanical part, we act 
on the blades’ orientation angle to reduce the speed of 
the wind turbine and subsequently reduce or even lim-
it the electrical produced power, by using the blades 
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orientation system. An ESS (energy storage system) 
contributes to the energy balance between produc-
tion and need. It provides energy when needed and 
stores it at high wind speeds where energy demand is 
reduced, this balance generates a smooth power which 
respects its reference.

Indeed, there are several techniques of energy stor-
age, such as storage by hydraulic pumping of energy, 
storage in the form of potential energy from com-
pressed air, storage in the form of chemical energy 
and storage of kinetic energy in a spinning mass also 
called a flywheel. All these methods are widely stud-
ied in [3],the flywheel technique is further developed 
in [3,4,5,6].

Energy capacity, self-discharge, environmental reli-
ability and potential are the main factors in the choice 
of an energy storage system, according to the compar-
ative study carried out in [7] therefore and according 
to its comparison’s results, the ESS using flywheel are 
favorably proposed.

Many works have focused on the regulation of the 
produced power which depends on the converted 
power (at the DFIG’s output) and the power of the ESS. 
Different control laws have been developed to ensure 
the balance between the supplied power and the 
stored power from or in the ESS.

In [6] the flywheel energy storage system consists 
of an electronic power converter supplying a squirrel-
cage induction machine coupled to a flywheel. The 
squirrel cage machine is controlled through its flux, the 
latter is calculated using the flux weakening algorithm. 
The control is provided by a traditional linear propor-
tional-integral (PI) controller. The same regulators are 
used in [2], [8] in addition to a fuzzy logic-based super-
visor to compute the regulated power value. However, 
taking into account the system parameters’ variation 
(due, especially to modelling uncertainties and some 
physical phenomena), other control laws have been 
proposed as in [4] the author used the same structure 
in [2],[8] but with a control based on the backstepping 
technique. 

Most of the works cited above are concerned with 
the power smoothing using an ESS by controlling ei-
ther the flux or the torque, subsequently a supervision 
block based on fuzzy logic to control the power. In this 
paper we tried to directly control the ESS by using the 
sliding mode technique to try to achieve higher per-
formances. we compared this new approach with the 
technique using the blades orientation system limiting 
the pitch angle of the blades known as pitch control, 
to see the advantages and disadvantages of both of 
techniques.

This paper is structured as follows: After the introduc-
tion, the second part presents the topology of the sys-
tem studied including the modelling of the turbine, the 
doubly fed induction generator, the power converters, 
the filter, the control part using the sliding mode tech-

niques. Then the smoothing power techniques are 
shown in the third section. The last section is dedicated 
to the simulation results, carried out using the Matlab/
Simulink software, followed by a conclusion.

2. THE TOPOLOGY OF THE SYSTEM

The most suitable topology of the wind energy con-
version system is the one based on the DFIG, which is 
directly connected to the grid from the stator, connect-
ed to the grid through two power converters from the 
wound rotor, a DC link placed among the converters as 
shown in figure 1.

Fig.1. Block diagram of the wind energy 
converter system

2.1 THE modELLINg pARTS

2.1.1 The turbine modelling

The source of the wind energy conversion system is 
the kinetic energy of the wind. The latter is equivalent 
to an air mass displacement field characterized by a 
variable speed and a random trajectory applied to the 
turbine. It creates forces on the surfaces of its blades, 
which generates a rotational movement of the latter. It 
is an aerodynamic conversion.

The aerodynamic power expression is given by:

(1)

(2)

(3)

According to betz’s theory the turbine power Pt is 
given by:

Cp is a specific coefficient to each wind turbine.

The turbine torque is defined by:

the gearbox is a speed adapter from that of the turbine 
to that of the generator. Its gain is given by:

Applying the fundamental relation of the dynamics, 
the generator tree is modeled by the following equation:

From the equations given above, we conclude the 
block diagram of the turbine given by figure 2.

(5)

(4)
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Fig. 2. Block diagram of the turbine

2.1.2 THE dFIg modelling 

The electrical part modelling is needed after the 
modelling of the mechanical part, the first element to 
model is the DFIG.

Starting from the schematic representation of a 
DFIG in the three-phase reference widely presented in 
[9,10,11] and by adopting the hypothesis of a stator re-
sistance Rs as negligible (given the power of the DFIG), 
the stator flux φs is constant (while Vs is constant) and 
oriented along the axis d [12,13,14] the machine’s new 
equations are given by:

The stator currents are given by the following system:

The active and reactive powers become:

by injecting the expression of the stator currents given 
by equation 9, into the equations of the rotor fluxes, 
we obtain:

By injecting (10) into (6) a new system of direct and 
quadrature rotor voltages is obtained:

(6)

(7)

(8)

(9)

(10)

(11)

2.1.3 The power converters and filter modelling

The DFIG’s output is connected to the grid trough 
two power converter as shown in the figure 1.

The simple voltages given at the output of the con-
verter are [15,16,17]:

2.1.4 The dC link modelling

It consists of a capacitor C placed between the convert-
ers. It is governed by the following electrical equation:

2.1.5 The filter modelling

The filter is composed of a resistor R in series with an 
inductance L called respectively the total resistance 
and inductance of the line.

The line voltages are given by:

(12)

(13)

(14)

2.2 THE CoNTRoL pART

•	 The RSC’s and FSC’s Control

Different control techniques exist, control using PI 
correctors remains the most basic, backstepping and 
sliding mode are more efficient in terms of the pro-
duced energy quality.
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(15)

The purpose of this paragraph is to synthesize a con-
trol law based on the sliding mode technique applied to 
the rotor and flywheel side converter to control the ac-
tive and reactive powers generated by the DFIG at the 
desired values. This technique is detailed in [1, 18 ,20].

The model of the DFIG’s control used is the oriented 
stator flux, the electrical quantities which are all ex-
pressed in a fixed reference frame linked to the stator. 
(d, q). eq (6,7,8,9).

The powers’ control is equivalent to the rotor cur-
rents’ control, so we deduce the following rotor cur-
rents expressions.

Fig. 3. Principal block diagram of the sliding mode control

The block diagram of the control used is illustrated in 
figure 3, it is a control of the active and reactive power 
through the rotor currents, by actuating the rotor volt-
ages, therefore the elaboration of the control law re-
sults by determining the expression of the reference 
voltages of the PWM block which controls the convert-
er connected to the rotor of the DFIG.

2.2.1 The Switching Surface Choice

The slinding mode technique uses a switching sur-
face on which the control will slide. 

The switching surface’s expression is as follows:

(16)

(17)

From equation 15 we can define

(18)

2.2.2 Calculation of the vector’s control 

The vector’s control is given by the rotor voltages as 
shown in figure 3. The sliding mode is performed pro-
vided that the Lyaponov attractiveness relation is less 
than zero, so the surfaces’ devatives are given by:

(19)

(20)

By replacing the currents derivatives of the equation 
18 by their expressions (equation: 11) we have:

(21)

The sliding command used is given by the sign func-
tion, as specified in the following equation:

we have to redo the same calculation to find the con-
trol vector of the reactive power.

v1 and v2 are constants determined using the genetic 
algorithm in order to have the closest response to its 
reference.

The sliding mode block illustrated by figure 4 is de-
tailed in figure 5.

(22)

(23)

(24)

(25)

(26)

(27)

Fig. 4. Vector’s control block diagram 
of the sliding mode
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2.2.3 The gSC’s control 

The purpose of the grid side converter’s control is to 
control two large quantities; therefore, the control can 
be divided into two parts:

Controlling the grid side converter consists in:

•	 Regulating the DC bus voltage to follow its refer-
ence.

•	 Keeping the reactive power’s reference to zero to 
ensure a unit power factor.

In fact, in the same way and using the equations 13 
and 14, we elaborate a control law based on the SM to 
control the GSC.

3. THE ACTIVE POWER SMOOTHING TECHNIQUES 

The active power smoothing techniques discussed in 
this paper are: the use of an ESS and the blades orienta-
tion system. The first one consists on storing the active 
power in case of excess or recovering it if necessary. 
The second one limits power only in case of excess.

3.1  FLywHEEL ENERgy SToRAgE SySTEm

Storing electrical energy involves converting it into an-
other form and then storing it|[21,22,23]. The inertial en-
ergy storage system is based on a dual power machine 
that converts electrical power into inertial power which 
is then stored in a flywheel as shown in the figure 5.

Fig.5. Block diagram of the flywheel  
energy storage system

Wind turbines are considered as negative loads for 
the electrical grid, because they do not consume elec-
trical energy so the active power produced by the over-
all system is negative, its expression is given by:

(28)

The PDFIG is the power of the wind converted by the 
DFIG into electrical power, it presents several fluctua-
tions because of the source. PESS is the power of the stor-
age system, the exchange of this power is done in both 
directions, towards the storage system in the event that 
there are losses of the produced power in relation to the 
setpoint (we speak of load of the flywheel, or from the 
storage system in the event of a need to reach the set-
point (discharge of the flywheel) as shown in the figure 6.

The ESS active power’s expression is given by:

(29)

(30)

Fig. 6. charge and discharge  
of the flywheel depending on the 

 produced power and the desired power

The literature has proposed several configurations 
of the FESS [24,25,26,27,28]. In this paper, the electric 
motor used to drive the flywheel is a DFIG. The energy 
stored in a flywheel is expressed by:

(31)

(32)

3.2 THE bLAdES’ oRIENTATIoN SySTEm

It is a system which acts on the pitch angle of the 
blades to a reference value βref desired, this angle's 
choice generally used to adjust the speed of the tur-
bine and the mechanical power generated. adjusting 
blades, the turbine's performances are modified more 
precisely the power coefficient. The blades are fac-
ing the wind at low wind speed and tilt for high wind 
speeds to reduce the power coefficient [9]. Generally, 
the blade orientation system is approximated by a 
transfer function of 1st order with a time constant Tβ.

The aim is to limit and maintain the produced power 
at its nominal value Pnom in order to preserve all the ele-
ments of the conversion chain around this power. The 
pitch control makes it possible to reduce the power co-
efficient and thus limit thus the converted power after-
wards the produced one [29,30].

To obtain the reference angle βref, we correct the gen-
erated power PT to its reference Pref using a PI regulator.

The whole blades’ orientation system is shown in fig-
ure 7.

4. THE SImuLATIoN RESuLTS 

The simulation studies are carried out with the char-
acteristics of the system presented in the appendix. All 
the simulations are run with the same wind profile with 
an average speed of 8 m / s for a duration of 50 s, as 
shown in figure 8.

Fig. 7. The block diagram of the pitch control
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The figure 9 shows the stator voltage, which is a bal-
anced three-phase system of frequency 50Hz and ef-
fective value 400V.

For this first part of simulation, we present the results 
of the solution based on the use of an ESS. Figure 12 
shows the produced electric power P_DFIG which has 
the same form of fluctuations present in the wind, since 
in the equation 1 the power captured by the turbine is 
proportional to the cube of the wind. And always in the 
same figure, we have the reference power Pgridref. 

The utility of the ESS is to provide power when need-
ed or to store it in case of excess, as shown in figure 13. 
From 8 to 9s the produced power PDFIG is less than the 
desired power Pgridref . The ESS produced the difference 
power, in the interval [9s, 10s] PDFIG is greater than the 
power Pgridref . The difference is stored as kinetic energy, 
as shown in figure 14, clearly sees between 8 and 9s 
that the kinetic energy increases following the loading 
of the flywheel.

The total active power injected into the grid faith-
fully follows its reference Pgridref, except a very small 
oscillations as shown in figure 15, while the one using 
the pitch control technique presents some important 
fluctuations as shown in figure 18. More precisely, the 
pitch control technique limits the power so as not to 
exceed its reference, if on the other hand the power is 
lower than its reference, it unchanged. So, this tech-
nique keeps the power fluctuations lower than the 
reference and eliminates the higher ones.

In figure 19 we can see the two powers injected into 
the grid using the two techniques explained previous-
ly, the goal is to follow Pgridref. Note that the pitch control 
technique is less efficient compared to the use of the 
ESS, power PESS which is well smoothed.

Figures 10 and 16 show the stator’s currents. Com-
paring the two, we notice that the technique using the 
ESS gives a current which reaches very large values, un-
like the current of the second technique which remains 
limited. The same observation for the rotor’s currents 
shown in figure 11 and 17.

Fig. 8. The wind profile

Fig. 9. The stator’s Voltages

Fig. 10. The stator’s currents using the ESS

Fig. 11. The rotor’s currents using the ESS

Fig. 12. The DFIG’s active power with the grid 
reference one
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Fig. 13. The ESS’s active power

Fig. 14. The flywheel’s Kinetik energy

Fig. 15. The active power injected in the grid and its 
reference using the ESS

Fig. 16. The stator’s current using the pitch control

Fig. 17. The rotor’s currents using the pitch control

Fig. 18. The active power injected in the grid and its 
reference using the pitch control

Fig. 19. The produced power injected in the grid

5. CoNCLuSIoN

The purpose of this study is to smooth the produced 
power of the WECS, so that when injected into the grid 
it's more stable for the wind fluctuations. The work 
done in this paper consists of making a comparison 
between two power smoothing techniques, which are 
the ESS and the pitch control. First a modelling of all 
the parts of the conversion chain was made. Then, in 
order to smooth the injected power into the grid, the 
first method consisted of the use of a second DFIG as-
sociated with a flywheel for the storage device. There-
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fore, in the case of excess power, it is stored, recovered 
in the reverse case. As a control technique of the fly-
wheel side converter, the sliding mode was used, when 
the second technique is the pitch control, which con-
sists of orienting the blades’ angle β according to the 
power’s reference. The simulation results showed that 
the use an ESS gives a smoother power but with peaks 
of rotor and stator currents, whereas in pitch control, 
the rotor and stator currents are limited but the inject-
ed power is not smooth enough. Otherwise, if we try 
to smooth the power, the use of an ESS and resizing 
the converters’ components withstanding the peaks of 
the currents is needed, however the use of the second 
solution limits the currents but is not efficient for the 
power smoothing.

6. AppENdIx

dFIg’s parameter

Pn=300 Kw,f=50Hz, Rs=8.9mΩ resistor, Rr, 13.7mΩ, 
Ls=12.9mH, Lr=12.7mH, Lm=M=12.672mH, σ=0.0198, 
P=2

Filter and grid parameters

L=0.005H, R=0.25Ω, C=4400µF

The wind-swept turbine surface’s expression: 
S= π RT

2

The Aerodynamic coefficient’s expression:

Tvis  : The viscous friction torque.

JESS : The ESS inertia. 

Vsd, Vsq : the dq axis stator voltages. 

Isd, Isq : the dq axis stator current. 

φsd, φsq : the Stator d and q axis fluxes. 

Vrd, Vrq : the dq axis rotor voltages. 

Ird, Irq : the dq axis rotor current. 

φrd, φrq : the rotor d and q axis fluxes. 

Rs, Rr : stator and rotor resistances.

Ls, Lr : stator and rotor inductance.

M: Mutuel inductance.

ωs ,ωr : the supply and rotor angular frequency. 

Va,b,c: are the single voltages from the converter.

Udc,E: is the DC voltage that comes from the DC link.

Vt1,2,3 are the three-phase system of the source 
(the grid).

It1,2,3: are the line currents coming from the source.

IGSC, IRSC, IFSC: are respectively the current at the converter 
outputs on the grid side, rotor side and the flywheel 
side converter.

P, Q: active and reactive power.

Pgrid: The grid’s active power.

PDFIG: the DFIG’s active power.

PESS: The active power of the energy storage system.

S1,2,3: the PWM’s commands. 
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