INFLUENCE OF WIND SPEED ON THE CONVERSION SYSTEM OF A
LOW POWER WIND TURBINE

Abdelouahab BENRETEM™*, Dalila KHALFA*, Lazhar HEROUS**, Issam MEGHLAOUI *
**|_aboratory of Génie Electric Guelma (LGEG). Uity 8 mai 1945, B.P 401 — 24000, Guelma, Alyéri
* Laboratory of Systems Electromécanics UniugrBiadji Mokhtar, BP 12, Annaba 23000 -Algéria

Benretem_a@yahoo.fr, Maint_dal@yahoo.fr, Iheroud@gdr issameghlaoui@yahoo.fr,

Abstract: Alongside the substantial market for high powebetween the different elements of this structuexise
wind generation, small power systems (about 1000W to consider the system as a whole, rather than
several kW) areleveloped mainly for remotely located sitesexamining the different organs separately. In this
Energy conversion systems are very diffefinih those of context, the interest in modeling the energy cosiver
high power; they are often based on using a thiesp IS given to the entire system.

permanent magnet generator supplying an inverteih o )

a diode rectifier. 2. Principal work of conversion system

This study represents a model of the conversidarsysnd

it's simulation conceming the .whole mechanicaltems The figure below presents thénd conversion system
eI_ectncaI .and energetic behavior for different sde and of the case study.

wind profiles.

Energetic comparisons with strong profiles of vatéawind
speeds were used to evaluate the different strestand Vojlure Génératrice  sian e S
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Figure 1. Wind conversion system

1. Introduction

Among all renewable energy systems which are
contributing to the production of electricity, wind3. Modédling
enerqy is currently playing a starring role [1] [3]. , )
Various production lines coexist for generating®- Wind Model:
gfggﬂ}%gvﬂns\lﬁgggfﬁ Tigevh?gﬁ b;qﬁjwejgg‘vtverﬁgure 2 presents the wind card in Algeria esthbis
operating at fixed speed (or slightly variable) oFy the energies renewable - development - center
variable speed. A commonly used solution is tathise 'aooratory of wind energy [7]
cage induction motors with two polar stator winding
configurations which provide two-speed and voltage
[4]. The work is part of the complete model of avi
generation system. The goal is to have a model of
complete system simulation in Matlab / Simulinke th
conversion chain is for different profiles and wind
speeds. However, several studies [5] [6] have shown
that this structure could be effective in terms of
energetic if a judicious choice of its parameters
(electrical and geometric) is achieved. In otherdsop
this means that removing any order MPPT, one can
obtain a recovery of energy from the wind almost
optimum. This structure is a concrete example of

converting complex energy as it consists of segiial To know the wind nature influence on the mechanical

systems from several different natural areagergetic and electric system parameters. Thsssca
(aerodynamics, mechanics, electrical, therma)l....are considered:

strongly interacting. The existence of a strongptiog
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Figure 2: Wind speed cartography in Algeria



- Fixed wind speed value (9 m/s), figure 3.a. Figure.5: Power variation vs. Wind speed (Cp=0,

. . L 43; R=1m)

- Variable wind speed (the variation is situated

between (9+10 m/s), figure 3.b. _ _ _ )
_ o B.2.wind turbine blocks simulation:

- Real wind profile, figure 3.c.

e

Figure 3.a.b.c: Wind profiles used in this study
B. Turbine Model:

Equation 1, presents the mechanical power recovered
by the wind turbine [3]: Figure. 6: Wind turbine Block simulation

P, =P, =1npcp (A)RAV? (1) |
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Cp is generally given according 19 report of the _ o j
turbine peripheral speed brought back to the winc - — T
speed . VT

caefficient de puissance Cp

Figure. 7: Wind profile influence on Cp aid

vitesse spécifique A

The simulation results show clearly the influen€ée o
wind profile on the power coefficient and on the
reduced speed of this turbine.

The three-blade horizontal axis turbine can recovcar Generator model:

43% of the wind power. ' '

Figure.4: Cp vsi

The considered machine is conceived especiallgto b
B.1 Parameters which influence on the recovered used in a horizontal axis turbine. The whole isudtim

power of this turbine. pole permanent magnet synchronous machine.
Figure 5 presents the power variation recoveretiéy Considering the range of wind turnover speed, the
turbine according to the wind speed. number elevated of poles serves to get a sufficient

electric frequency without having resort to the
mechanical multiplier [9] [10]. The model of thetéx
is presented by the following equations
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On the other hand, the application of voltagges V

and \jon the load gives:
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The currents electric equations
Pj= Ldﬂch AR+R, el +Li]
Pi= Lqﬂm HR+Ri el +Lo i, et

Electromagnetic torque

Cem:gp[(l‘q L)dq+|¢l]

The mechanical equation

Jd—Q—fQ C.,-C.,
dt

C.. =§P[(Lq Ly Jialq i )

D. Generator Block simulation:

For the simulation, it's sufficient to implant theodel

of the PMSG under thie atlab/Simulink.

SSSSSS

SSSSSS

Figure 8: Generator Block simulation

E. rectifier Model:

The static converters used fluently in the energy
conversion systems dedicated to the wind systemas, a
based on entirely controlled modules that make them
expensive therefore penalizing in a small powerlset
the cost reduction worry, the bridge of diodeglelit
costly, seem attractive provided that the perforrean
energetic are not too graduated

The model of this last is presented by the follayvin
equations [5]:

The continuous bus voltage is expressed by:

Vbus = RIL

The current in the inductance is given by:

1 .
) :ch(va -V, - Ri)dt

The conduction condition, the diode is conductove (
1) if and only; if one of the following conditioris

vV :C[V -V, - ] verified:
L ‘LYa

bus

V,.—V,.>0, ori >0

This model allows a temporal simulation of the
complete diode rectifier's under Matlab / Simulink:

Figure 9: Diodes bridge model simulation

F. inverter MLI Model:

The voltage inverters feed alternative current rimesh
as load from a direct voltage source. They offah&o
machine terminals (load) adjustable voltages anygsit
and frequencyA voltage inverter with three arms
each comprising two switching celBvery cell is
composed of a firing and blocking switch, and atiran
parallel diode. The latter model is presented kg th
following equation:
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F.1 Current control by PWM:

the wind nature on the mechanical, energetic and
electric system parameters, while using the thied w
profiles.

G.3. Wind profile Influence on the system mechanica

Parameters:

The method of current control is done by pulse lwidt
modulation (P.W.M) system from a direct voltage
source consist in imposing to the machine termjrals
voltages in such a way that the voltage fundamésntal

to be closer to the sine voltage reference wave.

F.2. Voltage inverter block simulation:

Figure 10: Voltage inverter block simulation

N

Figure 12.a: Wind profiles vs. Time

Figure.12.b: Mechanical torque vs. time

G. Modeling and simulation of the complete system

The wind system studied is a complex syste!
composed of several subsystems belonging :.
several very different physical domains. Th
model presented has the objective behavioi
simulation of the complete system on the
mechanical and electrical energy. Simulations

nature 'system' is then presented in this study. .

G.1. Complete system bloc simulatidine five
components of wind conversion chain wer:

involved and it led to a complete model for thi.

small conversion chain.

power

Figure 12.d:Mechanical power vs. Time

Figure 11: Complete system bloc simulation

G.2 Results of the complete system simulation:

Figures (12.b), (12.c) and (12.d) respectively show
the evolution of mechanical torque; turbine speed
and mechanical power against time.

It is clear that the wind profile affects greathet
mechanical turbine torque; for a constant wind
speed; torque and mechanical power are constant.
The system function in an optimal point after
which all magnitudes are constant
For variable wind speed (9 = 10 m/s); the torque

The aim of the simulation is to know the influemde Speed and mechanical power vary slightly; and the



torque limited between (9 and 7N.m), the turbin B aass=p=uca NS ANBOIBRER
rotational speed is limited between (600 an 3
800tr/min), and mechanical power is limitec
between (500 and 700Watt) these changes do ©
affect much the other system parameters, spe!
and voltage will not be altered too.’
For a real wind profile; values ranging between === e
and 12m /s; cause a change in the mechanicai '

torgue (4 and 10N.m); and cause a variation in théigure 13.c: Direct voltage evolution of the diode
turbine rotational speed (400 and 1300tr/min) bridge output vs .time

where a change in the mechanical power ! ‘

turbine (200 and 1300Watt) gap deviate

completely from the chain's operating point an: || |NI || || | Iﬂll || H ‘ ’
leads it into a random operation, degrading tt'- [ || W vll w |

£

guality of energy supplied by the system.

So the wind profile influences directly the
mechanical parameters (the speed, the mechanica
torque and turbine power). For a constant wiqq
speed value, the power coefficient reaches 3
optimal value and entails the stabilization of the
mechanical and electric parameters of the systeFigures (13c), (13.c) and (13.d) show the
Consequently, we register a maximal energy. Fevolution of the phase voltages value, the output

a variable wind value (9£10 m/s) the mechanicrectifier voltage, and the Van voltage at the otitpu
parameters system varies feebly, this variati(yf tne inverter vs. time.

doesn't influence many on the other parameters

, For a constant wind; the generator delivers a
the system, the speed and voltage won't be alte* .
too much. For a real wind profile that varies of (‘voltage amplitude and constant frequency, so the

to 12m/s); it drags a variation in the mechanicrectifier delivers a constant amplitude voltage, or
parameters this variation deviates the systens ofthe P.W.M voltage with constant amplitude at the
optimal point working completely and drags it iroutput of the inverter. For variable wind speed (9
an uncertain working. + 10 m/s) the phase voltages amplitude and
frequency varies feebly, leading to changes in (+
G.4. wind profile Influence on the system electricisy) of the voltage amplitude at the output of the
parameter: rectifier where the variation in the voltage
amplitude at the output of the inverter in a band (
_ _ 5V) of the amplitude variation do not affect much
\{‘M.MW[M“M ! the load that feeds the  system.
' For a real wind profile; values ranging between “6
and 12m/s” results in considerable variation in the
amplitude (£ 10V) and voltage phase frequency,
which causes considerable variation (£ 20V) in
the voltage amplitude at the output of the reatifie
which generates a variation of amplitude (x 20V)
the output voltage of the inverter which greatly
affects the load system.
The results show clearly that the wind profile
; _ influences a lot on the amplitude and on the fragye
2 piba bl g s gt phases voltages, as well as on the direct voltage
rectifier's output and the P.W.M voltage inverter's

Figure.13.b Voltage phases evolution va, vb, vc (Vputput; for a fixed value of wind all the paramstare
vs. Time steady for a profiles variable wind; record a feebl

ure 13.d: PWM voltage evolution of the inverter
tput vs. .time

Figure 13.a Wind profiles vs. time
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