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l. Introduction

Wind energy is one of the most frequently applied methods of power generation among the many different types
of renewable energy resources because of its financial benefits and compatibility with power grids in many
locations[1]. To improve the performance of wind power generation, researchers from the industrial and academic
sectors have recently devoted their efforts to it[2]-[4].

To ensure national energy security and diversify domestic energy sources, Algeria has an ambitious plan to develop
renewable energy as a solution[5]. Large variations from one location to another define Algeria's wind resource.
On average, speeds more than 3 m/s are present on 78 % of Algeria's surface, with roughly 40 % of these speeds
reaching 5 m/s. Speeds in the South are higher than in the North (more than 6 m/s), which is advantageous for the
use of wind energy in hybrid or wind farm plants[3], [6], [7].

Indeed, due to its numerous benefits, including their lower size and the ability to manage their active/reactive
power through their rotor side converter, doubly fed induction generators (DFIG) are currently the most popular
type generator used on wind turbines system[8], [9]. There have been numerous DFIG controllers researched and
developed[10]. Due to its benefits of simple structure and good steady-state performance, the stator flux vector
control based on proportional-integral (PI) controller is widely used in industrial applications; however, PI
controller is based on the need to understand machine parameters. The main weakness of the PI controller is that
the machine is sensitive to parameter uncertainty[11], [12]. The H-infinity approach was utilized to solve this
problem.
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II.  Wind Energy Conversion System Model

The goal of the wind energy system is to transform the kinetic energy of the wind into electrical energy. This is
done by a mechanism made up of a wind turbine, a generator, and a control section that oversees the entire
system[13].

111.1 Wind Turbine Model

H-rotor wind turbine is used in this works, in a vertical axis wind turbine system, three blades are usually fixed to
a vertical shaft rotor, which turns a generator to convert wind energy into electricity[ 14]. The model of the power
rotor is given by:

1
Paro =5 CpPRAV? (1)

Where; C,, is the power coefficient, p is the air density (1.225 kg/m3), R is turbine rotor radius and 4 the turbine
height, V'is the wind speed (m/s).

The aerodynamic torque can be written as follows:

Pge _ CppRAV3

Toer = Q_t Z_Qt 2

with; €, is the turbine speed (tr/min) and A is the tip speed ratio can be written as follows:

A=t 3)

111.2  DFIG Model

The following equations provide the dynamic voltages and fluxes in dg reference frame that can be written using
the Park model of the DFIG[15].

_ : d@gs
i{ Vas = Rslds + dt ws(pqs
. degs
{ Vgs = Rgigs + T ©s®Pas @
dogr

1var = Rpdgr + T (wg — wy) Pgr

de
dtqr - (ws - wr) Par

kvqr = Rriqr +

Where; i4s, igs, Pas: Pqs are the direct and quadrature components stator current, flux respectively, R; is the stator
resistance, wy is the synchronous angular speed. iy, ig, @4y, @4 are the direct and quadrature components rotor

current, flux respectively, R,. is the rotor resistance, w, is the rotational speed.
Stator and rotor flux:

(¢ds = lglgs + Lnlar
{ Pgs = lsiqs + lmiqr
@ar = Ligr + lnlas
Par = lriqr + lmiqs

®)
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The electromagnetic torque is expressed by[16]:

3Lm

Tem =p 2Lg (q)qs idr - (pdsiqs) (6)

Where, p is the number of pole pairs.
The mechanical expression is done as[9], [17]:

a0
dt

Ty= Tem=J]— +fQ )

The stator powers are defined as[13]:

{Ps = Vgslgs + VUgs iqs
Qs = Ugslas — Vaslgs

®)

1. Vector Control Based on H,, Method

One of the most used methods for managing electrical machines is vector control. It is founded on the machine's
semblance to a DC machine with distinct excitation, the latter of which guarantees a natural decoupling between
currents and flux[18]. In this works we used the direct field orientation control (DFOC). This technigue involves
ignoring the coupling terms and using a Hoo controller to manage the active and reactive power separately for each
axis.

by applying an orientation on the d axis

dogs
Pas = Ps» Pgs = :Z =0 9)
On the other hand, in steady state, it is assumed that the flow is constant[19], [20], thus:

{”‘“ =0 (10)

Vgs = Vs = W Pg

According to FOC, the expressionof the electromagnetic torque and stator powers active and reactive are
simplified as [21], [22]:

3Ly . L
I(Tem =-p 2Le ((pszlqr)
i .
{ P, =— Uszlqr (11)

By regulating the rotor currents of the DFIG, the stator powers (active and reactive) of the DFIG are controlled.
To prove this, a relationship between the rotor currents and rotor voltages is shown[18]:

. di .
Vgr = Ryigr + Lo d‘ir — (gwsl,oig) )
. di , l
Vgr = Ryigr + Lo Zr + gwgloig. + g ";:5

. lm?
with; ¢ = (1 —ﬁ)
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IV.1 H.Control Design

The robust H. control problem has received a lot of attention lately. It is a crucial solution for system uncertainty
and instability. Designing highly reliable controllers for both active and reactive power based on H.. method is the
goal of this study. Determining the controller function K(s) that minimizes the H. norm of the transfer function
while internally stabilizing the controlled dynamics closed-loop is the major challenge of the Hoo control
technique[23].

The H, synthesis employs the conventional problem concept, which is depicted in Figure 1[2]. The dynamic
interactions between two sets of inputs and two sets of outputs are modeled by the G(s) transfer matrix, which are
augmented with weighting transfer function Wn(s): The external inputs, such as noise, disturbances, and reference
signals, are represented by the vector w; The vector u represents the commands; the e signals are selected to
represent the correct functioning of system; and y represents the measures available to develop the order.

Wa(s) —

w S e \
u | G(s) g
y
K(s) [
Figure 1. H, synthesis design of typical problem
The relationship between input and output defined as[9], [24]:
[, /550 - MEWESOEE ) 13
Wy ($)K(s)S(s) W, (s)K(s)Ws(s)S(s)G()l,

Where; y is a specified positive number, in this case equal one.
Numerous characteristic transfer matrices are produced as a result of the interaction between inputs and outputs.
such as:

S(s) is the sensitivity function defined as:

1
S(S) - 1+K(s)G(s) (14)

T (s) is the complementary sensitivity function defined as:

1

T(s) = G(S)K(s)(1+G (K (s))

(15)

To find the controller K(s) , should be satisfies the following condition[2]:
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W, S
W,KS
W,T

<y (16)

Where; Wiand W5 are selected as follow[2], [25] :

1+T,s

wWj (S) = m (17)
1+T:
ws() = s (18)

Where; o is the cut-off frequency of the system G(s), Ti=1/w1, To=1/w2, Ts=1/wz and T+=1/wa.
(01 <2 <o) and (O<Oz<ws).

V. Simulation Results and Discussions

The wind energy conversion system's (WECS) nominal parameters are shown in Table 1. Figure 2 shows the
simulation model diagram developed for this work. The presented DFOC-based H.. controller of the wind energy
conversion system is tested for performance and stability using simulations performed using SIMULINK in the
MATLAB software. The frequency dependent weighting function is described below. the design of w, was
selected in order to shape the sensitivity function for enhanced disturbance rejection and minimal tracking error.
The design of w; aimed to adjust the behavior of the complementary sensitivity function T(s) in low and medium
frequencies. Note that the KS and T have the same function[2], it is sufficient to fixed w, as a constant.

0.135+660
750S+1

95+100

,WZ(S) =1and W3(S) =m

w; (s) =
The final controller K, (s) is given as:

3.09 10°s? + 6.75 10”s + 3.757 10°

Ko (S) = 53770510952 + 5.072 1075 + 6.879 1073
Table 1. Nominal parameters of WECS
Power coefficient C, 0.29
Number of blades 3
Radius of wind turbine R 4.45m
Turbine height h 7.4m
Air density p 1.225 kg m3
Moment of total inertia J 35 Kg m?
Tip speed ratio A 2.5
Nominal power 15 kW
Stator frequency f 50 Hz
Viscous friction f, 0.02 Nm
Stator resistance Rs 1.317Q
Rotor resistance R, 1.037Q
Stator inductance Ls 0.0945 H
Rotor inductance L, 0.0540 H
Mutual inductance Ln 0.0596 H
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Figure 2. Control structure of the WECS based on DFIG with DFOC_H.,

Figure 3 presents the sensitivity function S(s) and its bound y/w; (s), complementary sensitivity functions T (s)
and its bound y /w; (s). It is very clear; the infinity norm of the equation (14) is satisfied.

Singular Values

100

S(s)
ywi

T(s)
y/W3

Singular Values (dB)
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Figure 3. Frequency response of sensitivities, Complementary sensitivity and weightings functions.

Figure 4 is presented wind speed applied on turbine on (m/s) , Fig. 5 and Fig. 6 presents the stator active and

reactive powers respectively of DFIG controlled by the proposed DFOC_H., (red line), PI (blue line), and their
references(black line).
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Figure 4. Wind speed profile
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Figure 5. Active power of DFIG with DFOC_H. and PI controller
The results show that the strong decoupling between the stator active power and reactive power is maintained, and

all of the controllers are effectively tracking their reference with major advantages of H.. controller in term error
static, is a very low.
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Figure 6. Reactive power of DFIG with DFOC_H., and PI controller

Furthermore, using FFT (Fast Fourier Transform) approach, the total harmonic distortions (THD) of stator currents
are presented in Figure 7 and Figure 8, as shown, The H., controller reduce THD down to 2.91 % (Figure 8),
compared to P/ controller where THD is 12.81 % (Figure 7). The stator current signal quality of H., controller has
a good sinusoidal shape and less corrugate compared to P/ controllers that leads to improving the quality of energy

supply to grid is batter.
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Figure 7. Stator currents THD with PI controller
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Figure 8. Stator currents THD with H.. controller

1V.1 Robustness Test

In order to compare the proposed controller's robustness to PI controllers, this test aims to examine and evaluate
the effects of parametric changes on the H., controller. The inductances Ly, L, and L,, of DFIG ,reduced by 30%
of its nominal value.

x10%

1 T T T T T T T T
"
Pyl === P-reference

Active power (W)

25 1 1 1 1 1 1 1 1 1
0 0.5 1 1.5 2 25 3 3.5 4 4.5 5

Time (s)

Figure 9. Impact of inductances variation Ly, L, and L,, on stator active power
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Figure 10. Impact of inductances variation Ly, L. and L,, on stator reactive power

Figure 9 and 10 shows that the suggested controller has no effect on active and reactive power levels when
inductance varies, whereas the PI controller has a large increase in corrugation at the level of active and reactive
power, which affects the network's power quality supply.

V.

Conclusion

The direct field orientation control based on H-infinity approach (DFOC_H.,) of vertical axis wind turbine system
associated with DFIG connected directly to the grid by the stator has been presented in this study. The results of
simulation obtained with the proposed control (DFOC_H..) compared to the conventional P/, it can be concluded
that this technique (DFOC_H.) is more efficient in tracking a time-varying trajectory, robustness face to the
machine parameters variation, and the control axes were decoupled to a high degree. This helps DFIG-based
devices like wind energy conversion systems guarantee very reliable electricity generation.
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