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Introduction

Wind Turbine:

* Wind Energy Conversion system
specialized in convert the kinetic
energy of the wind into electrical
power.

* Vertical Axis

* Horizontal Axis

* Fixed speed

* Variable speed

* Fixed Pitch

e \Variable Pitch

Permanent Magnet Synchronous Generator:

 PMSG is an electrical machine that transforms rotational
mechanical energy into electrical energy.

* The frequency of the electric current generated is
intimately related to the angular speed.

* Three phase star connection

I —

Horizontal Axis Vertical Axis




Introduction

[A horizontal axis variable Pitch, variable speed wind turbine }

)

Work zones )

* Zonel
* Vw < Vnin
 The wind is two low
* No energy extraction
* Zonell
VUmin < Vw < Vnom
* Maximum Power Point Tracking
* PMSG control
* Zonelll
Unom < Vw < Umax
e Pitch Control
* ZonelV
* Vw > VUmax

~

* Wind turbine must stop
K * No energy extraction /

Zone Il

WLOT!’L

Power extraction curve

> Wy [m/s]



Methodology

Modeling
Electrical
grid
—> I {wj} %{‘BT{% %{g j/ J/// \\ \F
—> I {; ‘[3{% DCIiuk {i} {i}i} j\ ‘ ‘ )_
= AC-DC DC-AC —\\\7\/7 /—
Back-to-Back converter Transformer
Subsystems
e Blades
* Convert the wind’s kinetic energy into kinetic rotational
e PMSG

e Convert the kinetic rotational into electrical power
e Back-to-Back converter
* Manage the power between the electrical grid and the Wind Turbine



Methodology

Power extracted from the wind

Blades

1
By = 2 pAvv?L’/Cp (}\tr B)

A =T1rf

2

/—[ Power Coefficient J

Cy —Cy 1 o \]'
Cp(Ar,B) =1 ——p- €4 —cg | exp ¥ A = m - B3 +1
1 Cy C3 Cy Cs Ce C7 Cg Co
Heier (1998) 0.5 116 0.4 0 — 5 21 0.08 0.035
Fixed speed 0.44 125 0 0 0 6.94 16.5 0 —0.002
K\/ariable Speed 0.73 151 0.58 0.002 2.14 13.2 184 | —0.02 —0.003/
Mechanical Equation
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Methodology

PMSG
Synchronous Reference frame
Aj Park Angle @
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Methodology

Grid side converter

( A L
/{ Synchronous Reference Frame RN : _: =
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Methodology

Control objectives

Wind 5 == ) )
—» 1
A Q — QF Electrical
—p Te S S S S S Grid
- 5 7. B Back-to-Back converter - \*\
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—>

(R = ,
HESRRE AR Ty
D Filter

AC-DC DC-AC

_ 3
-

) 5 ¢p 7é ¢g — ¢p 459
' —V,=7.5m/s | t
S v, =8 m/s i i VdC %
457 —v, =85m/s ;é_ max ]
4 ——v,=9mis - / \
vW=9.5m/s /I
g e 1. MPPT
P | oo P 2. Reduces Joule loses
: —v,=11m/s ~{Qax .
o —vttsme AT 3. Voltage DC-Link
—_—v =12m/s *Lmax H
1?, ' “qa 4. Reactive Power
05l 5. Synchronization with electrical grid

0 025 05 0.75 1 1.25 15 1.75 2 225 25
rotor angular speed w [rad/s]



Methodology

Active disturbance Rejection Control

f[ Simplified model }

n,A 1 n,A 3 . .
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Extended State Observer

€y = €y + A3 (eJ’O - eYo) = &y, T A3&
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Controller
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Characteristic polynomial
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Output-tracking error system
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Pl Controller
{Current id}
ﬂplified system \
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Reactive power

Simplified system
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GPI control

/—[ Simplified model ]
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SRF-PLL

Vga
Vgb

Vgc
N

/{ Grid signals }
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Resu ItS 5MW Wind Turbine Simulation

20 | Wind profile‘ ;
—Vw
Wind Turbine parameters
Parameter Symbol Value Unit
Nominal Power By nom 5 MW
Total inertia J 1 x 10* Kg-m?
Blade length Tt 56 m
%0 100 200 300 400 500 600 Wind density P 1225 | Kg-m®
seconds Stator resistance Rs 6.25 m{}
Filter parameters Stator inductance Ls 4.229 mi
Parameter | Symbol | Value | Unit Permanent magnet Ao 11,1464 Wb
DC-Link c 1 WF flux density -
capacitor Pole pairs number p 75
resFiislttaer:ce Ry 0.01 mi Nominal voltage Vaom 0.9 kv
Filter Ly 0.5 mH Nominal angular Onom 1.447 rad/s
inductance speed

Source: (Aimene, Payman, & Dakyo, 2014) Source: (Aimene, Payman, & Dakyo, 2014)



Results

Optimal-angular-velocity tracking performance 1.5

5MW Wind Turbine Simulation

Optimal-angular-velocity tracking performance
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Res u ItS 5MW Wind Turbine Simulation

DC-Link Voltage
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0 12 3 4 5 6 7 8 9 10 1 101 1.02 1.03 1.04 1.05 1.06 1.07 1.08 1.09 1.1
seconds

seconds



Conclusions

* Differential flatness property.

e The PMSG is flat.
* The GSCis flat using a RL Filter.

e Control of the Wind Turbine

* An ADRC is proposed to track the maximum power point.

* AGPIlis proposed to regulate the DC-Link voltage.

* The current i; and the reactive power () are controlled with two PI.
* Synchronization with the electrical grid via a SRF-PLL.

* Numerical simulations
 Shows a good performance using the proposed controllers.

e Further Work

e Sensorless control.
 Avoid measuring the wind speed.
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