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Abstract. This paper investigates the efficiency of an original approach for Max-
imum Power Point Tracking (MPPT) algorithm applied to a WindtEE@ater
Pumping System (WEWPS). The studied model is developed undetl&ith-
ulink software and consists of an asynchronous wind turbiSe&tec Var Com-
pensator (SVC) and a centrifugal water pump driven by a thrasepgnduction
Motor (IM). The proposed control technique seeks to improve waterrate by
exploring the maximum amount of electrical power produced &yatlynchro-
nous wind turbine in a wide range of wind speed. Theoretitalysis as well as
simulation results have shown that the highest electrical power rateddepen
the value of the produced voltage which can be controlledeb$\VC using sin-
gle input fuzzy logic regulator. Modified Enhanced Perturb and Ob&eizE O)
algorithm is then used in this application to calculate the optimal \ltiee
voltage reference that ensure maximum electric power extractidmeacd max-
imal water flow rate. Moreover, a comparison have been made wittotiven-
tional P&O algorithm to prove the superior performance of thpqsed ap-
proach which does neither require to measure wind speed nor to tkeow
WEWRPS parameters.

Keywords: Asynchronous Wind Turbine, Centrifugal Water PuipPT,
MEPQ, SIFLC, SVC.

1 Introduction

Wind energy sources are toda attractive alternative for electric power generation,

it represent a competitive and promising renewable energy, especially, for
energizing relatively small stand-alone systems in developing countries,
where many people have no access to an AC power grid [15] [8][13]
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In the literature, several system for water pumping application have heksdstising
different topology, configurations and control strategy, most of thess SEIG or
PMSG or BDFIG etc. as generator and either DC or AC motor to drive the pump
[5][6][4][14].

In the different cases, an MPPT control algorithm can be employedén to capture
the maximum power from available wind. A variety of MPPT techniqueg baen
employed for Wind Energy Conversion System (WECS) such as Iratahand Con-
ductance method (INC), Perturb and Observe (P&O) method, Fuzzy Cogtcoller

(FLC) and many Evolutionary Algorithm&l[9].

In this paper, a modified enhanced MPPT algorithm is applied to theustrof the
proposed wind electric water pumping system in order to maximizeatez flow rate
This algorithm is simple, fast, efficient, and more importantly, doésatuire wind
speed measurement.

The present work is organized as follows: Section 2 presents the mathematieal m
of the studied system. Section 3 presents the MPPT techniques. Section 4 firesents
simulation and its results with a discussion and Section 5 concludes tais pap

Table 1. Nomenclature.

Parameters
Vos » Vs Stator terminal voltages imp reference.

los » Ups Stator phase current u} reference.

lor » lpr Rotor phase current inf reference.

lam » Ipm Magnetizing current i3 reference.
@or »@pr  Rotor flux inaf reference.
Poss » Pps Stator flux inap reference.

R, ,R; Per phase rotor and stator resistances.

L Magnetizing reactance.
I, 1, Stator and rotor leakage reactances.
W Synchronous angular velocity.
\% Wind Speed
C,(1) Aerodynamic performance of the turbine.
Qiurp Turbine shaft speed.

2 System description and modeling

The complete system shown in Fig. 1 can be divided into three pej: The first
one is the renewable power generator source that capture and trangidrpower to
electric power, it consists of a three blade wind turbine, a multiplier ahabantion
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Generator (IG) with its self-excitation capacitors. The second part cooSustStatic
Var Compensator (&) with its control strategy designed to maximize the electric
power flow by controlling the produced voltage. Finally, the third gathe electric
water pumping system with its starter that will be explored to transigrvirom a
suction point to the storage tank to be used for irrigation or other fiEgd42].
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Fig. 1. Schematic diagram of the studied system

2.1  Wind Turbine M od€

Several models of wind turbines have been developed and can be fouwmghthuiothe
bibliography [7] [L1]. Since the electrical behavior of the system is our main point of
interest the following model is assumed:
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Fig. 2. Schematic diagram of the turbine model.

2.2  Sdf-Excited Induction Generator Model

Because of its high efficiency and less maintenance, the self-excitediamigenera-
tor offers important advantages in construction and operation for staadat@ll wind
turbines application [1]. The SEIG model developed in this work is represent$d
reference frame. Its equivalent circuit at a steady-state operation is shieign3rwith
Lm been a function of the magnetizing current im [2].
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Fig. 3. Equivalent circuit of the SEIG iaf reference frame
The electromagnetic torque produced by the induction generator is dafined
Com = D=2 (Pree Lsp = Prpisa) (1)
23 Water pump Model

The chosen hydraulic system for this application is formed by a piase induction
motor to which a centrifugal pump is attached. Induction machines areywigksd in
water pumping activities because they are robust, inexpensive and eglsibeable in
case of failure [3]. Hence, the IM is also modeledfinreference frame:

Vo = R+ 2
Vspﬁ = R;. ispﬁ + %3
Vi = 0 = Ryp-byper + dﬁ;”“ — Wrp Prop
Vipp = 0= Rypelrps + 22 4 w0, 0y @)

Pspa = Lsp- ispa + me- irpa
Pspp = Lsp-lsppt Linp-lrpp
Orpa = Lnp-Ispa + Lrp- lrpa

(prpﬁ = me. iSpﬁ' + Lrp' i‘rpﬁ’ (3)
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5
The dynamic equation of the mechanical motion can be given as:
Jonp B = Cpp = Cp (@)
WhereC,,,, is the produced mechanical torque by the IM:
Conp = p-Lﬁ: (Prpa-Lspp = Prpp Lspa) (5)

The pump power and its torque depends on the angular speed amdecgmessed as:

P, = kp * 2%, (6)
P,
Crp = ﬁ = kp * szp (7)

Where kp is the centrifugal pump constant.

The peak current of the electric water pump at transient phase when direid start
realized is higher than nominal current provided by the SEIG. Therafetarter is
used during starting phase to limit the starting current and avoid veoltdgpse when
the pump is connected to the asynchronous wind turbine.

24  Static Var Compensator M odel

The Static Var Compensator FC-TCR type consists of a fixed capacitana & an
inductance L in series with a bi-directional thyristor valve that are firedreetrically

in an angle control range of 90° to 180°. At fundamental frequéineyotal equivalent
impedance of the SVC is shown in Fig. 4 and can be representedhssifodjowing
expression [5]:

T /Tx

sin(2a)—2a+rr(2—i)
Tx

Xsyc(a) = X, 8)

Where r,, = X./X; the limits of the compensator given by the firing angle limits and
fixed by design.

Xsvc

Fig. 4. Schematic diagram of the equivalent impedance of the FC-TCR
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3 Proposed Control strategy

The control technique aims to optimize the generator voltage by means adhSVC
order to maximize the water electric pump output power. Many strategies wese inv
tigated to achieve the MPPT. Two control methods are presented in this pap&Othe
and MEPO [8].

3.1 Maximum power point tracking technique

To maximize the water flow rate, the rotational speed of the motor whiigh ttie
centrifugal pump must be maximized. That’s can be done by maximizing the power
absorbed by the motor pump group.

The MPPT process in the proposed system is based on directly adjbstitgjal
excitation capacitor according to the result of the comparison of successorepomop
group input-power measurements.
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Fig. 6. Vs_pump as function of Cext

From the characteristics Fig.5 and Fig.6, we can see that our system op#rate in
points on the left, so the objective is to led the system to work iretteewstar which
correspond to the maximum absorbed power and maximum proAaceditage Vsp.

The required Maximum Power Point to Track is so function of ttiage Vsp, the
excitation capacitor Cext and can be defined by the following objective function

©)

dPelec_pump _ dPelec_pump dVsp _
dCext - dvsp dCext
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Perturb & Observe Algorithm

. It’s one of the simplest MPPT techniques as it involves measurement ofvike po
only. It is based on perturbing the voltagesmall step and perceiving the resulting
changes in power, as illustrated by Fig.6, [5]. This algorithm is basédt dallowing
procedure: if the operating voltage of the WEWPS is perturbed in adjiestion and

if the power supplied by the generator increases, it means that the operatiftapo
moved toward the MPP, and therefore the voltage ofGhmust still be settled in the
same direction. Otherwise, if power operated generator decreases, the opeiating
is far from the MPP and therefore the direction of the disturbandeeindltage of
operation must be reversed. Additionally, selecting an appropriate step sizeas
simple task: though larger step-size means a faster response andscittations
around the peak point, and hence, less efficiency, a smaller step-sipeémpiffi-
ciency but decreases the convergence speed.

START

Measure Vsp BMS, isp BMS ‘

Calculate Pelec pump

| |
| Vsp_ref=Vsp RMS-aV | [ Vsp_ref=Vsp RMS+dV |
' [ [

RETURN

Fig. 7. Flowchart P&O algorithm

MEPO: Modified Enhanced P& O Algorithm
. We propose, as a modified P&O Algorithm which will be more robust;etezence
voltage given by:

Vsp_ref = Vsp_RMS + K. APelec_pump- Sign(AV;p) (10)
In case of no change in the output power after perturbakiBn,. ,,mpy = 0, then

Vspjef = Vsp,RMS

In case ofAPec pump > 0, the power increase after positive perturbatiodlgf,
then let us continue in the same direction.
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In case ofAP;ec pump < 0, the power decreases after positive perturbatiakigf
then let us continue in the reverse direction.

This method gives an enhanced variable step size algorithm. The step sizetégladju
in proportionally to the power variation produced in the previous $tepstep adjust-
ment gain K is used for weighting this adjustment step. It may bel dsebscillation
avoidance and noise sensitivity.

i Pelec_pump

v
+

Fig. 8. MEPO algorithm Simulink implementation

3.2 Voltage Control

To meet the referred voltage Vsp_ref, Static Var CompenB&drCR type is used
to adjust the value of the total excitation capacitor (Cext + GéthgWT. The control
of the produced voltage is done via a single input fuzzy logidatguas shown in
Fig.8.

Multiplier

STARTER

e (Csve

a Contoller

d Single Input
Turbine Furzy Logic

Fig. 9. Voltagecontrol diagram

The per-phase thyristor firing angleis calculated by adding the new FLC output
change in d to the old one. The operation of this technique is explained as shown in
Fig.9.
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Fig. 10. Voltage regulator

The proposed voltage controller is constructed by choosing the error between the ref-
erence and the measured RMS value of the generated voltage as an input signal and the
thyristor firing angle as an output signal. a is defined by equation 11. It depends on a
constant value ¢_int = 114.33° used initially to keep the value of Csvc equal to zero
until the lunch of the MPPT algorithm.

o= o_int + Y da(t) (11)

e If Vs_RMS is equal to Vs_ref then error is equal to zero andhdst also be
equal to zero to keep equal too_int to avoid injecting or absorbing any reac-

tive power.
e If Vs_RMS is greater than Vs_réhductive mode) the error will be negative

and dx must be positive and its value should increase to absorb ¢cheseaf
reactive power forcing the generated voltage to drop to the rated value.

o If Vs_RMS is less than Vs_rétapacitive mode) the error will be positive and
da. must be negative and its value should increase to inject the meedéue
power to reach the rated voltage value.

The selected range for the input/output variables must be well chosen. Usually, it’s
desirable to select the standard range of (+/-1). Yet, since the power sisteml
studied, the range for a variable is already known, and so the ixatioal step for

the input was abandoned.

L L] A 0 P i KE I ] L] L]

-3

Outputs Membership
o
E

Inputs Membership
Functions
Functions

Fig. 11. Input and output membership functions of the SFLC

The seven linguistic variables used are Negative Big (NB), Negative Medium (NM),
Negative Small (NS), Zero (ZO), Positive Small (PS), Positive Medium (PM) and
Positive Big (PB). The 7 rules have been built as represented in Fig.9.
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Surface : B Ruldes :
T — if (error) is NB then (dAlphs) 15 PB
o » if (error) is NM then (dAlpha) is PM
“ g - if (error) is NS then (dAlpha) is P8
1 Sl if (error) iz ZO then (dAlpha) iz ZO
2| . if (error) is PS then (dAlpha) i N3
. - if (error) is PM then (dAlpha) 1z N
T o if (error) is PB then (dAlphs) is NB

s e et e

. dAlpha

Fig. 12. The chosen rules of the SIFLC

4  Simulation results& analysis

To evaluate the MPPT performance, the designed control sistmulated using
MATLAB/Simulink software package and the obtained results will be diedusshis
section.

The wind speed variation profile is considered as depicted in Fidt d& be de-
vised to fourth zone. The first one is betwesai@d 3.3s representing the average wind
speed that ensure the excitation of the IG. Zone 1 and 3 are the shinedetio observe
the behavior of the system when the wind speed rises above the ratiegpesd (8
m/s). Zone 2 in the other side is to test the aero-generator at lovepaed value
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] 1 2 3 4 5 B 7 3 9 10

Time (seconds)

Fig. 13. Wind speed profile

At second 3.3 the MPPT control is lunched synchronously with the wind speed var
iation. From Fig.14 we can observe that the absorbed power by the electrignoager
have been increased using both MPPT algorithm. However, the MEPQnisighiet-
ter results especially when the wind speed get under the rated vathe. Rtsecond
without MPPT control the Pelec_pump was at 590W. Once the MEPO is apgied th
power rises up to 630W unlike the P&O algorithm which have imprtvegower to
only reach 600W.
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Fig. 14. Variation of the absorbed power by the motor pump with ancbwittiPPT control-
lers

The observed operating voltage of the wind electric water pumping sistem15
when P&O algorithm is used is lower than the one generated with MEBGtfaig
this is due to the inability of the MPPT algorithm to generate quickly thenapti
value with a fixed step, which represent another drawback for the R&Rbth

300
1)) A S
1)) A S
SRLc) RSN S
P
g
g
S0l vsp(P80) ||
= Vsp (MEPO)
1) EO—— S I S S S | S -
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0 0 S -
I i i i i i | i i
0 . 2 3 4 5 6 7 8 9 10
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Fig. 15. Variation of the produced voltage Vs during power maximization

5 Conclusion

This work has allowed us to complete our research on an autonomousledgtrit
water pumping system. The modeling of the studied system haveitstgmdsented,
then a comparative analysis between P&0O and MEPO algorithms hasibesssed
to support the proposed approach for power maximization that gimesefficient and
reliable results at variable wind speed condition

11
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