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SUMMARY

Many academics have recently focused on wind energy installations. WECS (wind energy
conversion system) is a renewable energy source that has seen significant development in recent
years. Furthermore, compared to the use of power grid supply, the use of the WECS in the water
pumping field is a cost-free option (economically). The purpose of this study is to demonstrate a
wind-powered pumping mechanism. To obtain the best option, it considers and contrasts four
distinct approaches. This research aims to improve the system's performance and the quality of
the generated power. The objective of the control of WECS with a permanent magnet
synchronous generator (PMSG) is to carefully maximize power generation. Finally, this research
employed the fuzzy logic control (FLC) and particle swarm optimization (PSO) algorithms
improved using a genetic algorithm (GA). The proposed system's performance was tested using
the generated output voltage, current, and power waveforms, as well as the intermediate circuit
voltage waveform and generator speed. The provided data show that the control technique used
in this study was effective.

KEY WORDS: Wind energy; Fuzzy logic control; Maximum power point tracking (MPPT);
Genetic algorithm (GA); Perturb and observe (P&0); Particle swarm optimization
(PSO).
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1. INTRODUCTION

Wind energy conversion systems (WECSs) have lately aroused interest of many academics [1].
Wind power contributes to the long-term maintenance of biodiversity in natural areas because
of low hazard (100 percent natural) and large economic benefits (renewable and sustainable
electricity).

Because solar systems (PVS) take up much space for a small amount of power, wind energy has
the advantage of a greater output in the winter (the wind is generally stronger in the cold
season). Due to greater energy consumption in the winter, the living expenses are higher [1, 2],
so this might become a significant benefit.

Water Pumping Systems (WPS) are used in a variety of applications (agriculture, domestic
exploitation, etc.). As a result, the development of a dependable and efficient wind power
system to address the issue of water shortage in arid locations is highly intriguing.

Alternative current (AC) motors are typically used in these systems, linked via a charge
controller or inverter [3]. The induction motor utilized in the water pumping system was also
employed in this research. Furthermore, permanent magnet synchronous generators (PMSGs)
were utilized with WECS because of their compact size, self-excitation, high reliability, minimal
maintenance, lack of a gearbox system, and low noise. [4, 5].

As a result, PMSG-Wind energy's maximum power point tracking (MPPT) was thoroughly
validated. In the study, the maximum power point was verified using the perturb and observe
(P&O) approach. In this approach, the difference in output power between the present and
prior system states is used to define system control. In its most basic form, P&0O used for MPPT
has a set step size. Therefore, many academics have developed a variety of variable step MPPT
techniques to address the issue [6, 7].

The control block techniques used to regulate the generator and the water pump utilizing a
converter/inverter system are based on cascaded systems. The goal of the control approach
based on traditional proportional-integral controllers (PICs) [8, 9] is to assure the system's
resilience and stability. However, the high sensitivity of nonlinear systems and/or changing
parameters make PICs challenging. The best and optimal PICs are known to be dependent on
parameter estimations, specifically in electrical power systems [8, 9]. This research includes a
section on how to tackle the system's nonlinearity problem.

The FLC is the most essential component of this research as it has a different approach from PI
control techniques to regulate the characteristics of nonlinear dynamic systems.

FLCs provide qualities, such as efficiency, while preserving the nonlinear system's dynamic
properties. In general, the designer's expertise in membership functions determines the FLC
(MF) [10, 11].

On the other hand, several conventional FLCs are based on a fixed MF and a static rule base,
but this is insufficient to handle nonlinear systems with a high degree of uncertainty. As a
result, adaptive filtering approaches based on Continuous Mixed-Normal algorithms were
utilized (CMPN) to increase the performance of a wind generator linked to a water pump at
variable speed, updating the FLC scale factors online [6, 12]. This project presents a WECS that
is linked to a water pump and has a decent MPPT.

The outline of the paper is as follows: P&O technique alone, FLC non-optimized, FLC optimized
by GA, and FLC optimized by PSO.
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Various FLC-based approaches described in this work are targeted at pursuing the optimal
power point and increasing the efficiency of a WECS pumping system regardless of wind
power variation. The FLC method reduced the measuring time, as presented in the findings. A
comparison analysis enables maintaining a high level of accuracy and create a reliable
controller.

2. MODELING SYSTEM

- This research focuses on the renewable energy system defined as the primary energy
source by the WECS. WECS is connected to a water pumping system that uses an induction
motor (IM). The essential parts of a hybrid system are shown in Figure 1, being:

- APMSG Machine (5.5 kW);

- A static DC-DC converter for adapting the load to the PMSG and a DC-AC converter to couple
to the IM (water pump) and the WECS;

Two static converters, DC-DC, for adapting the load with WECS connected to the IM.
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Fig. 1 Global diagram of WECS
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The FLC optimized for the WEC-PMSG system coupled to the water pump is developed using
system modeling. The system concept consists of WECS, PMSG, two power converters
connected back to back by a DC link capacitor, step-up transformer, and a dual circuit
transmission line.

2.1 TURBINE MODELLING

The power value is determined by the mass of the air and its velocity V,, [13, 14].
1
P, =Ep-7T-R2 C,(ALB)V, 1)

where:

R is the blades of length and K is the gain multiplier, C, is the value depending on the speed
point ratio (A) and the blade step angle () on the turbine characteristics (Figure 2(a)),

with:

8 -1
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Py = f(©2) is shown in Figure 2 for various wind speeds. Each curve depicts an optimal power
point associated with a certain rotation speed.
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Fig. 2 Power and power coefficient characteristics at different wind level

2.2 MODEL OF THE PERMANENT MAGNET MACHINE

The following is a model of the permanent magnet machine in Park's coordinate system [15,
16,17]:

di R L v,
fa_ sy to-Li -4
e L Ly 1 Ly
. 3)
di, Ly, Ry, Vy—w-o
— =Wyl
dt L, L, L,
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The electromagnetic torque is given by:

Yo

T,

The parameters of PMSG are given in Table 1.
Table 1 PMSG parameters

4)

Rated Power Rated Voltage Frequency Number of Inertia Constant
Poles (M+T)
5.5Kw 200V 50Hz 12 7.856 Kg.m?
Stator Resistance d-axis Reactance q-axis Reactance Field Flux Nominal speed
0.3676 12 0.00355 H 0.00355H 0.2867 V.s 70rps

2.3 DC-DC BOOST CONVERTER

The step-up converter is installed between the rectifier and the inverter for lad adaption. The

dynamic model is expressed by the equations below [18, 19]:
dv,

Crect C;;Ct = irect - iL
di,
E:_(I_D)'Vbus +Vrect
dVbus : Vb
=(1-D)-i, ——2&
bus dt ( ) L R

D is the duty cycle (0 <D < 1).

2.4 IM MODEL

(5

The equation systems below offer the global model of the IM following Park transformation

[20, 21]:
diSd—_ i+;o-i 1 +w1' + .Z—_O'i . +pw (F_aj _(_
dt ol, o T sd 7T oM T. Prd PO oM ¥ra o
dig, i i+ -0 1 G [1— j 1-0 1
d s'sd UTS o Tr sq pwp, rd M Tr rq

d_;=T_'lsd_T_'(prd+(ws_pwm)'(prq+vrd
r r

dp, M , 1

d_;q:T_'lsq_F'gqu_(ws_pwm)'(prd—i_vrq
r r

The electromechanical torque is calculated as follows:

dw,, B.M

da ] L
The mechanical equation is:

M . .
T, :P'L_'(q)rd Isqg = Prq 'lsd)
T

. . f p
= _'(¢rd 'Isq _¢rq 'Isd)_7wm _7Cres

(7)

(8)
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The rotor is short-circuited for the IM type; so Vg = Vg = 0.

2.5 MODEL OF THE INVERTER

A voltage inverter controls the connection of an IM to the pump system. A boost chopper
provides power to this inverter. The DC-AC converter's three-phase output voltages are
provided by [22, 23, 24]:

ol , [2 -1 -1][s)
V, |="2.\ 1 2 1|8, (9)
v, -1 -1 2||S;

S1, 83 and Ss are the switching functions of the inverter transistors.

2.6 IM CONTROL

To minimize computation time and make the synthesis of speed and current regulators easier,
the vector control of the IM provided by a voltage inverter at the stator level is discussed in
this section.

The proposed technique overcomes these problems to achieve a condition similar to that of a
direct current motor (DCM). Field coordinates have been introduced, allowing the stator
current vector to become split into two parts. For a squirrel cage machine, one generates
torque and the other flux. Because of the benefits of computer-implemented vector control,
IMs can now be used in high-performance drives. To obtain the stator current vector for the
squirrel cage induction motor (SCIM), two kinds of control are employed [25, 26, 3]:

- The first method proposed by Blaschke,
- The second method proposed by Hasse.

Flow-oriented control is a term that has recently appeared in the literature related to electric
motor control approaches. The idea is well-known in the context of DC motors. In the case of
AC machines, however, this is not the case. As a result, reciprocating machine oriented flow
control is an orientation control of these two quantities [27, 28]. In this paper, voltage control
is proposed using the stator flux oriented coordinate system (d-q).

2.6.1 ROTOR FLUX ORIENTATION

2.6.1.1 SPEED ADJUSTMENT BY VECTOR CONTROL

[t is possible to obtain an expression of the torque in which two orthogonal currents (@, isq)
are included if the frame of reference (d-q) is selected properly so that the rotor flux is aligned
with the axis (d) (Figure 3). A flux generator and a torque generator are the two types of
generators. @rq = ¢, et Prg = 0.
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Vie

Fig. 3 Vectorial control Principle

The expression of the electromagnetic couple is as follows [29, 25, 26]:

M .
Te=P'L—~<prd-lsq (10)

r

2.6.1.2 ESTIMATION OF ROTOR FLUX AND SPEED

@, is zero, from Eq. (6), the position of the stator flow vector is calculated as follows:

w.—w,, =Sw ——1 -[—M ]-i 11)
s m s Tr Oy sq
= (12)
q)rd_est Tr5+1 sd

This simplifies the whole system of Eqgs. (6) by setting @,; = 0. A new model for the SCIM is

obtained, which can be put in a state form with vector in the following state (l'sd sy @,.0 ) :

di_Sd—_ i+1—_0'i Ao +wi. + I__O-i . +LV
dt  \oT, o 1, ) s Ty g ) Prd Ty s

S

disq _ Sisd_(i+;0.i},-s _pw .(1‘_"j.<pd+i-v (13)
dt of, o T.)* """ \oM )™ oL, %

d(prd M . 1

dt :Fr'sd Tr'q)rd

Two new control variables Vs reg and Vs req are defined and reconstitute the voltages Vs and Vg

from Vs reqg and Vg _req voltages.
L
Tr sd
1),
. Fr lsq

|

dl d 1 1-0
Vsd_reg:oLs dst +0Ls[ﬁ+7
S

(14)
1-0

di, 1

q

Vsa_reg =0Ls =3 -+ 0Ls (F* .
N
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2.6.1.3 ADJUSTMENT OF THE INTERNAL LOOP OF THE CURRENT Ipqs

Speed regulation schemes consist of two stages: the first consists of the current regulation
loops and the second is for speed regulation. This is justified since the dynamics of speed is
very slow compared to that of currents. As a result, while the currents are being controlled, the
speed is always considered to remain constant (in conventional regulations). The reference
current's expression isq_refis given by:

Te _ref

isq_ref = ® . (15)
r_re

At constant speed:

I dqgs 1

v, - -
das-reg oL¢s+oL i+—1 o 1
oT, o T,

r

(16)

The current regulation loop isq can be represented by the block diagram of the Figure 4:

x Vidgs_reg ! Lags

idgs _ .
K s + oL s+0L, 1, 1m0l >
s \ol, o T

idqs—ref +

Ldgs

Fig. 4 Current regulation block diagram (iqqs)

The closed loop transfer function and the characteristic polynomial are as follow:

1

lags(S) _ (kpdqs 'S+kidq5)'aTls -

idqs_ref SZ + deCIS +i+ (1_0) S+ kidqs
oL, oT oT, oL

S N S

k 1— k.
P(S):52+ ﬂ_,.i_,_( 0) s+ idgs (18)
oL oT. oT, oL

S N N

By imposing on the characteristic closed-loop polynomial, two following complex conjugate
poles: s; ,=p-(-1%j),p>0,

where:
P(s)=52+2p-s+2p2=0 (19)
The term-by-term identification of the two Egs. (18) and (19) leads us to write:

k. =201 1, (1-0))
pdgs =40 bs P = FSJFT “Lg

r

(20)

2
kidqs =20-Ls-p
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2.6.1.4 ADJUSTMENT OF THE INTERNAL ROTOR FLUX LOOP @

To maintain the appropriate flux, the estimated rotor flux regulator allows the determination
of the direct reference current. The internal loop must be extremely fast in comparison to the
flux for the cascade to be justifiable.

The flux equation is as follows:

Pr_est _ M

= (21
Iy T.s+1

By associating this function with a PI regulator, the flux regulation functional diagram is
presented as follows:

1} D
¢rd_ref + ds M r_est

(pr_est

Fig. 5 Flux regulation functional diagram

The closed loop transfer function which is calculated from the previous diagram can be given

by:
M
(kpq; 'S+ki¢](’r\]

Pr_est (s) _ r (22)
Pr_ref(5) 24 i+M s+k, M
T. T, P\T,
Ky M
Sz+[i+L].s+k,¢(M]=o (23)
T, , T

The determination of the two coefficients kyo and ki is the same as for the determination of
the current igs

2.6.1.5 ADJUSTMENT OF THE EXTERNAL SPEED LOOP

The speed regulator is used to determine the reference torque to maintain the corresponding
speed. The mechanical equation is:

Wm(s) __ P 24)
Te(s) Js+f
The speed control functional diagram based on the PI regulator is presented as follows:
T: a)ﬂl
wm_opl kiw ¢ 14 _
Ko+ =5 (F+1s) g
wﬂl

Fig. 6 Functional diagram of speed control

Based on the speed control functional diagram, the closed loop transfer function is as follows:
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(kpw s+ klw](l])]

Wn(s)  _ (25)
wm_opt(s) SZ +(f+kpw 'p].s_i_kiw (p]
J J
+k,,-
P(s)=s°+ M -s+kiw(£j=0 (26)
J J
By imposing two complex conjugate poles s; , =p-(—1% j),p >0, the following is obtained:
2] -p’
kiw =
, P f (27)
] p—
kpy =—""—"
p

Generally, the rotor flux is kept constant (@) for rotor speeds less than or equal to the
nominal speed of the machine (wn"). The reference value of the quadrature component of the
stator current isq_,_ef is given according to:

Te _ref

isq_ref = (28)

(pr_ref
Taking into account that the IM is supplied by a voltage inverter with @, = 0, the stator voltage
equation is obtained by:

(29)

v %

Vd _ref Vd _reg Vcd
q_ref =Vq_reg ~Veq

The traditional compensation approach [29] typically eliminates the connection between the
two axes. The coupling terms are set up so that the remaining voltages and current
components have a first-order connection. So:

. 1-0 1
Vcdza)slsq+ W? Pra

r

(30)

The control structure consists of a SCIM connected to a water pump. The SCIM is powered by a
boost chopper and a voltage inverter based on a diode bridge. The inverters' output voltages
are regulated by a pulse width modulation (PWM) method, which allows simultaneous
changes in output voltage and frequency. This includes comparing and calculating three

V V

b ref> Ve rof ) using the inverse of the PARK transformation (V

voltages (V i refVa_res ) :

a_ref?

Based on the turbine characteristics, the method that maximizes point power enabled
determining the machine's ideal reference speed. The reference speed is determined by the
wind generator's maximum power, which drives the SCIM-pump system. The following
equation is used for the ideal speed:

I,V
(x)opt =3 Opf Opf (31)
kp 1y Ty -1 1y
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2.7 PUMP MODELLING

The main characteristics for torque and load power T, (PL) are proportional to the square of
the rotor speed. These characteristics are depicted by the following equations [30, 29, 11, 3]:

T, =kw?, (32)
P, =T, w, =ko> (33)

with k > 0.

3. MPPT CONTROL

[t is important to specify the control rules in order to assure operation at maximum power and
under ideal circumstances. The WECS chain optimization is required to achieve the MPPT
algorithm. Furthermore, utilizing a simpler and less expensive converter chain, indirect control
of wind power systems is feasible. It is constructed around a three-phase diode bridge and a
standard step-up converter.

3.1 P&O TECHNIQUE

The perturbation and observation (P&0) technique is widely used in industrial applications. As
the algorithm is easy to implement, the objective is to interrupt the system by increasing or
decreasing the module's operating speed and to observe its influence on the line's output
power [3, 31, 32].

3.2 MPPT USING FLC TECHNIQUE

The MPPT approach based on the idea of fuzzy sets is used. The FLC, as the conventional
regulator, has its position in the regulatory system due to linguistic rules, etc. In order to
approach the optimal point, the observed behavioral rules must be relatively simple for the
studied system to be established [33, 11]. The regulations in the studied system (WECS
connected to a water pump) are based on variations in wind power (4Py) and the rotation
speed (40Q) of the wind turbine.

Table 2 and Eq. (33) show the inputs and the outputs of the FLC which are 4Py, AQ and AQ ..
The FLC structure is shown in Figure 7.

APu[k] Rules
Pulk]
Ne| z |z |es|PB |PB AQ_)Ef[k] Q_ref[k] T
Z‘ | 2|2z |»| P ] >fi< %% o 4
s [ns [nsns|z [z — +
Q [k] Q meas/ k]

Qfk-1]

Fig. 7 Structure of the fuzzy MPPT controller applied to the WECS
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The fuzzy MPPT controller is based on measuring the wind power (4P,) variation of and the
rotational speed (442) of the wind turbine which offers a variation (442 ) of the rotational
speed setpoint (£2 ) according to Eq. (33).

4P, =P, (k)-P,(k-1)
AQ=0Q(k)-Q2(k-1) (34)
-Q[k)ref :Q(k_1)+AQ(k)ref

The speed of the wind turbine is controlled according to the speed reference (£2 ) obtained at
the fuzzy controller's output. Furthermore, the speed controller's output determines the
reference of the electromagnetic torque of the tested machine.

The fuzzy controller contains three blocks as follows: fuzzification, inference, and
defuzzification [1, 11, 34]. The fuzzy input variables and membership functions must be
defined in advance. The fuzzy sets for input variables are respectively: power (4P,) variation
and voltage variation (4¢2). Figure 8 presents the triangular functions for the input variables.
The linguistic variables can be defined as follow:

Negative Big (NB), Negative Small (NS), Zero (Z), Positive Small (PS), and Positive Big (PB). The
quality of the input and output FMs can be expressed as follows [35]:

T T
NB NM NS Z PS PM PB

0.8 -

e
N
T

I
'S

Degree of membership

S
o

-1 -0.5 0.5 1

0
APw, AQ, AQ-ref
Fig. 8 Membership functions of AP,, AS2, and AL e

As defuzzification is the last step in the regulation system, it converts the linguistic value of
(402, into a digital value. Mamdani [1, 11, 35] is used to define fuzzy inference as the
defuzzification method is the center of gravity.

M
D u(A2;)- A,

AQ o == (35)

2 H(A2;)

i=1

3.3 OPTIMIZATION ALGORITHM
In general, optimization techniques are used to address a variety of issues, including finding

zeros functions, minimizing the distance between the curve and the measured points,
intersections of functions, and solving multi-variable equation systems.
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3.3.1 THE PSO ALGORITHM

The PSO algorithm was introduced by Kennedy, Eberhart, and Shi [36]. It is a metaheuristic
optimization technique that uses a large number of particles scattered in search around very
large spaces of candidate solutions. The method is based on both the position and the velocity
of each particle since each has a random speed. Mathematically, the PSO algorithm uses a

In search of the suboptimal X'solution that minimizes the objective function called J. The
velocity position of the particle vectors ith are given respectively by X; = (X;1, Xiz......Xiq) and V;
= (Vi1 Viz......Vig). They are determined by the following iterative expressions [37, 38, 39, 40,
36]:

1+1 1 1 best,l 1 1 best,l 1
Vith=cp-Vi +eporgi(X; =Xj)+cy (X -Xi)

swarm
(36)

Where I=1,2,.....Imax is the number of iterations previously provided by the user [8, 9]. ¢y, c; and

c2 are respectively the inertia factor, the cognitive (individual) and social (group) learning
relationships. ' and r/. are random numbers evenly distributed over the interval [0,1].

xPesth and xbetlare respectively the best position previously obtained by the particle and

the best position obtained by the whole swarm at the current iteration / which are given by
[11,12]:

xpest = min{ J(X] ),0< j<l]
37)

swarm

Xbest,l — mm{](XII )’vi}

To simplify, the stop condition imposed in step 2 is replaced by the maximum of the iteration
numbers Inqx previously chosen by the user.

3.3.2 STRATEGY OF THE GENETIC ALGORITHM (GA)

The GA consists of the following steps [41, 42]:

Step 1: Randomly generate N chromosomes in the initial population in the search space with

the chromosome=[Xj, X, ..,X,], where X X12...0n S Xmaxs

<
min —
Step 2: Calculate the objective function for each chromosome.
Step 3: Apply the following operators:

a) Perform reproduction, i.e, pick the best probability chromosomes based on their
objective function values.

b) Cross over the chromosomes selected in the above step using the crossing probabilities.

¢) Perform a mutation on the chromosomes generated in the above step by the probability
of mutation.

Step 4: The process can be stopped if the stopping condition is reached or even the optimum
solution is obtained. Alternatively, repeat steps 2 to 4 until the stop condition is met.

Step 5: The optimal solutionX™, corresponding to the best objective function,
X' = minXl, (](Xij ), Vi, j)is thus obtained.
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3.4 FUZZY LOGIC OPTIMIZATION STRATEGY USING GENETIC ALGORITHM AND PSO

21 fuzzy parameters may be determined based on the resolution of the optimization problem.
The objective function also displays the total of the Mean Square Error (MSE) values. Under
wind, the turbine value equals 12.3 m/s. The error, which is the difference at each sampling
time k can be found between the optimum powers supplied. Therefore, the formula is
obtained as follows:

Jic (k)= Fope (k) = P (k) (38)

The tuning process of PSO/GA of the Fuzzy MPPT controller applied to the wind system is
shown in Figure 9.

Fitness (PSO/GA)

Rules
Pu[k] ;
m—“’rm Ns [z |es [pB :.'
N |z |z |eB|PB |PB ..: AQ?ref[k] Q_ref[ k] T
N[z |z [os [es [ * —em
+

Q [k - —— ' Q neasl k,
" _,IE i ¥ 4 Q/k-1] measl ]

Fig. 9 Schema of tuning process by PSO/GA of Fuzzy MPPT controller applied to the wind system

Figure 10 (a) shows the seven membership function parameters following the GA, whereas
Figure 10 (b) shows the PSO tuning process.
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Fig. 10 Membership functions optimized by GA (a) and PSO (b)
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The objective function value (fitness function) during the search for the optimal solution is

presented in Figure 11. When there is no reduction in total control error, the iteration number

equals 70, as shown in Figure 11. At the level of convergence of the value of zero, it's crucial to
observe the difference between Figure 11 (a) and Figure 11 (b), the first based on the GA and
the second on the PSO algorithm.

Fitness value

N

N

n

IS

w
T

Best: 97333.1 Mean: 104105 x10° Best Function Value: 96182.1

Function value
w

= 0.9 L L L
0 10 20 30 40 50 60 70 o 10 20 30 40 50 60 70
Generation Iteration
(a) (b)

Fig. 11 Objective function of (a): GA and (b): PSO

The MF parameters before and after the tuning process (PSO and GA) are presented in Table 2.

Table 2 Membership function Parameters before and after the PSO/GA

MF Before PSO/GA After PSO After GA
Input (AP) -1 -0.50 -0.518
-0.67 -0.373 -0.361
-0.34 -0.166 -0.315
0 -0.125 -0.166
0.34 0.010 0.0373
0.67 0.248 0.212
1 0.468 0.423
Input (A2) -1 -0.704 -0.948
0.67 -0.493 -0.389
-0.34 -0.166 -0.166
0 0 -0.0001
0.34 0.166 0.154
0.67 0.293 0.300
1 0.349 0.450
Output (AQref) -1 -0.978 -0.889
-0.67 -0.334 -0.378
-0.34 -0.329 -0.270
0 -0.0173 -0.116
0.34 0.166 0.135
0.67 0.333 0.333
1 0.498 0.486
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4. SIMULATION, DISCUSSION AND RESULTS

Variable level winds were applied to the system, distributed over three-time intervals.

According to the results shown in Figures 12 and 13, the MPPT controller, using various
methods, leads the generator wind to achieve its maximum power point independent of
weather conditions. This efficiency may be seen at the level of the wind generator voltage and
power, which are well-regulated and follow their references after a response time of around
0.01s.
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Time (s) Time (s)
Fig. 12 Variation in wind speed Fig. 13 Optimal speed of the turbine

The quantity fluctuations are acceptable, owing to the fact that the system oscillates around
the wind generator's maximum power point. It's apparent that the oscillations emerge more
frequently when the wind speed is low.

Figures 14, 15 and 16 represent the different curves obtained by controlling the maximum
power of the wind generator transmitted to the PMSG (Figure 14). This generator transmits
the power to a booster chopper through a unidirectional rectifier. It serves as a connector
between the wind turbine and the assembly (inverter with pump system). Figures 18, 19, 20
and 21 demonstrate the IM's oriented rotor flux control principle.
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Fig. 14 Optimal mechanic power of the turbine  Fig. 15 Control current of the DC-DC converter
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The results demonstrate that the system is well optimized regardless of the change in wind
speed. Using various optimization approaches (MPPT), the system's operating (Figure 14) is
improved by wind speeds ranging from 8 to 12.3 m/s. Compared to the other approaches
mentioned above, the fuzzy logic-PSO methodology has shown good results. The overall
efficiency of the whole system (generator and motor pump) is low. It has a 50% similarity to a
wind turbine.

5. CONCLUSION

In this work, we propose the WECS in combination with water pumping, which is a cost-free
alternative to using the electrical grid. After a comparative analysis, we came to a final
judgment about the best performance of the system.

The results demonstrate that the wind system can operate steadily and keep pace with the
maximum power point in different meteorological conditions, such as wind speed changes.

This research provided a quicker FLC tuning procedure by altering the membership function
mapping to reach the desired set point. The proposed optimum fuzzy logic MPPT inverter
controller has shown promising results for WECS in a long-term grid application. Compared to
other approaches, the fuzzy logic-PSO methodology has shown good results. The results
demonstrate that the system is well optimized throughout a wide range of wind speeds.
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