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This work looks into Iraq's best places for wind turbines, with an emphasis on
economic factors. It studies wind energy conversion systems using mathematical
models from Matlab and Simulink. This research aims to pinpoint areas where wind
energy can produce power on its own, separate from the national grid, for a range of
applications, including energy storage, water pumps, heating, and cooling. In addition,
the project will use PMSG to investigate wind turbine efficiency and create vector
control technique technology for permanent magnet synchronous generators. Two
Iragi cities were taken to make the calculations of wind speed and its effect on
electrical generations (Nasiriyah and Basra), where wind speeds of a height of 20 and
50 m were taken at the hub level of the turbine. The mechanical, electrical, and
performance characteristics of the turbine were computed during the test to achieve
optimal operation cases. The development of the system was done by MATLAB
SIMULINK, where the overall efficiency was enhanced to 88.22%.
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1. Introduction

The Iraqi Ministry of Electricity plans to
integrate electric energy with renewable
energy sources like wind, solar cells, and

waste in the long term.

The ministry plans to collaborate with
renewable energy companies like Siemens to
implement $14 billion in projects, including a
wind atlas and a 400 MW wind farm in Iraq,
despite ongoing consideration from the Iraqgi
side [1].

difficulties of converters are the main topics

The operation, control, and
of this paper's review of their effects on the
conversion of wind energy. It offers cutting-
edge converter applications and suggestions
for usage in the future with the goal of
creating the best wind power technologies
possible with increased cost, operation, and
efficiency [2]. Wind energy needs to be
carefully controlled and modeled for
interconnection systems because it is utilized
in big farms and off-grid systems. The
advancement of wind turbine technology has
resulted in their extensive usage [3]. Because
wind turbine systems have a greater capacity
and a greater impact on the electrical grid,
converter technology has progressed greatly
in wind power applications [4]. With the help
of wind turbines and converter converters, the
wind energy conversion system (WECS)

transforms mechanical wind energy into

electrical energy that is then transferred to a
power network [5]. Because of improvements
in  semiconductor  switch  technology,
generator rotor efficiency, dependability, and
advanced materials, permanent magnet
generators (PMG) are being used in wind
turbines at an increasing rate [6]. Due to
WECS

energy into

unfinished  grid integration,

transforms  wind  Kinetic
mechanical and electrical energy, requiring
different converter topologies for grid-side
and machine-side conversions [7]. Three
configurations are used by wind turbines to
convert wind energy into electricity:
machine-terminal capacitors, utility power
systems, and induction machines. These
configurations all require reactive power to
operate [8]. Wind energy can be converted
into electricity using induction generators,
and the most affordable and network-
connected models are squirrel cage induction
generators [9]. Wind energies, developed
over 4000 years ago for mechanical energy in
ships, mills, and agriculture, have been
utilized in various regions and countries until
the late 7th century for electricity production
[10]. Wind turbines are categorized into
horizontal and vertical axes, with horizontal
axes being more efficient and common than
vertical axes [11]. Irag faces challenges in

electric power demand due to infrastructure
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development and an increasing local
population, leading to a trend towards
sustainable, environmentally friendly energy.
Irag's sustainable and renewable energy
impact in 2018 was only 2% of electric
energy use, with a goal to increase to 10% by
2030, but this is considered small [12].
Sustainable technologies like wind, solar, and
tidal energy generate electric power without
industrial waste, gases, or fumes, making
them  environmentally  friendly  and
sustainable [13]. Wind energy, a rapidly
growing and economically  profitable
sustainable technology, can be utilized to
generate electric power in Iraq through self-
financing and sustainable practices. In the
paper [14], researchers developed a
sustainable hybrid system for Iraqgi electrical
energy production using MATLAB, utilizing
data from the Iragi Meteorological
Department. The study suggests Iraqi
airspace could generate kicks from solar and
while

wind  energies recommending

independent  systems for deserts and

countryside [15]. A site study is crucial for

maximizing  wind  energy utilization

efficiency, considering factors like wind

speeds, terrain, nearby forests, water,

physiographic features, and study area
characteristics [16-17]. To minimize the
studies are

impact of forested areas,

conducted on forest and vegetation cover
zones, tree growth, and wind potential. Wind
measurements are taken throughout the year
using a 35-40-meter wind measurement
system. Wind turbines must ensure reliable
and safe operation under specific wind
conditions. Wind regimes are divided into
normal and extreme conditions for safety and
force effects on turbine components. The
wind regime consists of constant averaged
airflow and variable design wind gust profile
or turbulence. The choice of wind speed
distribution model significantly influences
wind turbine design, as it determines the
frequency of load changes on structural
height
dependence in the surface layer is determined

elements. The wind speed's
by wind speed measurements at different

heights relative to the earth's surface.

Wind turbines operate in a turbulent
environment, affecting the stability of their
power system. Modeling shows that wind
force spikes are converted into electrical
power output, amplifying wind gusts. This is
due to the nonlinearity of the energy
conversion process and the rapid response of
the output power to changes in wind speed.
As wind speed decreases, the input power of
the turbine decreases, reducing efficiency.
Wind generator losses are divided into

gearbox, inverter, and electric machine
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losses. The relationship between wind speed
and energy losses in the generator provides
the entire picture of the turbine's efficiency.
For wind speeds ranging from 5 to 14 m/s,
the study shows how losses in the gearbox,
SGPM, and AIN depend on the rotor speed of
the PMSM rotor. The PMSM's losses
increase with wind speed and are 71 W at 5
m/s. Losses in the gearbox vary from 25 to 71
W, while losses in the SGPM reach 647 W at
14 m/s. The study also reveals that as wind
speed increases, losses in the gearbox and
PMM increase, but their efficiency also
increases. The study investigated the
potential use of a displacement turbine in lIraq
by computing its maximum mechanical
power using a mathematical model [18]. The
study examined the feasibility of wind
turbine construction at 19 Iragi stations and
the potential of using wind dependency with
Weibull distribution, presenting scientific
findings and the wind's dynamic properties
[19]. The study explores the use of wind
turbines in Irag for power generation,
particularly for lighting parking lots, and their
winter usage. The wind turbine model
mathematically explains the conversion of
mechanical energy into electrical energy,
considering wind speed, efficiency, and
turbine parameters for ideal output speed

calculation [20, 21]. The research aims to

create an independent wind energy system for
irrigation, heating, and cooling poultry fields,
combining three systems. It will use
experimental work, real turbine models, wind
speed data, and published studies. The study
utilized data from the Iragi Meteorological
Authority and seismic monitoring from
2016-2017, focusing on Nasiriyah, Amarah,
Basra Al-Hayy, and Al-Nasiriyah in southern
Irag [22]. Based on the study [23], daily wind
speed values were obtained at a 3-meter
tower height, used in 13 stations across 13
Iragi governorates, using monthly wind speed
levels. The article [24] studied the utilization
of 10T in wind resource assessment as well as
the life-time estimation of wind power
modules. The model is created with many
smaller sub-models of an aerodynamic rotor
joined to a multi-pole generator as well as
various sensors to retrieve wind data
parameters. Simulations are carried out using
Matlab/Simulink and Thingspeak, an loT
MathWorks web platform. 10T has so far
enhanced

demonstrated precision in

measurements, monitoring, and quality

control. The study [25] analyzed the
method (GM) and
(SDM)

forecasting wind energy potential in Dar es

graphical standard

deviation  method applied to

Salaam, Tanzania. The wind speed data for
2017-2019 was obtained in the year 2020.
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Both approaches were applicable for Weibull
distribution parameter estimation. In this
regard, SDM provided a better estimation
value. We considered the Polaris P50-500

commercial wind turbine the best for our
project since it had the highest capacity factor

value (per annum) over the past 3 years.

Table 1 Sequences of Stations from North to South [25]

Stations Sequences from N to S Latitude (N) Longitude (E) Sea Level Altitude
in Meters
Mosul (Bashigah) 36 4509 433388 228.0
Kirkuk (Daquq) 3516 93 44 42 97 227.9
Salahaldeen (Tikrit) 346528 436361 116.0
Dealaa (Khalis) 337517 44 62 22 40.9
Baghdad (Abughraib) 333221 44 23 93 30.4
Anbar (Aldawar) 332757 430208 45.6
Wasat (Essaouira) 330045 44 49 27 27.2
Karbla (Lake Razzaza) 323320 4358 37 49.0
Babel (Kifli) 323063 44 39 16 21.1
Qadisiyah (Dewaneia) 320193 44 89 85 24.0
Najaf (Mashkhab) 315327 4430 11 19.0
Mayssan (Ekhala) 314804 471125 9.0
The-Qar (Shatrah) 314557 46 19 52 7.0
Muthna (Khader) 301732 453751 7.0
Basrah (Albrjsuh) 3017 32 47 04 04 7.0

Wind speed increases with increasing
altitude and distance from the terrain (2)
[26-27].

1

@ _ (1)7' (1)

v(zo) \zg

Z: height of wind speed.
v(z): wind speed.
v(z0): reference height and wind speed.

The wind speed is at three heights (12, 50,
and 100 m).
2. Methodology

2.1  Mathematical Description of the
Turbine Mode

The work W required to move an item from
rest to a distance s under the influence of a
force F is equal to the kinetic energy E of

that object at constant acceleration a.
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Newton's second law of motion states that
[28]:

F =ma )

So, the kinetic energy is equal to

E =mas 3)

When it comes to solid motion kinematics

V*=U’+2as where U is the initial speed

of the object. This means that 2s

the initial speed of the object is zero, then

V2

a

Therefore, 2s  from equation (3) we

obtain the formula:

E =£mv2
2

(4)
The kinetic formulation of energy relies on
the constant mass of a solid entity, while
wind, treated like a liquid, may not have a
constant mass due to potential fluctuations.
The rate at which Kinetic energy changes
determines wind power P.

P zd_E zld_mvmf

dt 24t (5)

The mass flow rate is determined by air
density and A, representing the wind's

passing region, resulting in Equation (6)

being true.
1 3
Pv =5 pAV,
2 (6)

The real mechanical power Pw, measured in

watts and equal to the difference between

input and output wind power, is extracted

by the rotor blades.

P, =5 PRV, (V) o
The downstream and upstream wind speeds
at the rotor blade intake and outlet in meters
per second are used to estimate the speed

factor [20].

— pA(Vu +Vd)
2 (8)

At the intake and outflow of the turbine's

PAV,,

operating blades, the average air velocity is

located. This expression produces equation
(7).

Equation (7) is changed to equation (8) with
the right side substituted, and the result is:

1 W, +vy,)
P, ==pAv, (> —v2)~——d2
w Zp W(u d) 2

It is easier to understand as follows:

1] v v
P,==| pAd-LvZ-v)+-LvZ-v]
W 2_,0 {Z(U a) 2(u d)H
1l [v?® vyZ vy? v
P =Z|pAJ—u_ _“udy "du _“d
" T|P {2 2 )" 2)H
. 1-Co+ () - (o)
v v v
P, ==| pAv? u u Yy
TP 2

Or the following phrase might be used

P, = 1,OAVU3Cp
2 (©)
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1- (zd)z ¥ (Xd) - (Xd)g

u

2
where Cp=
Or
1+ 9)A-10)
C o — VU VU
2 (10)

The Betz limit, discovered in 1919, is the
blade tip's upstream energy percentage, also
known as rotor power factor or rotor
efficiency. Its strength is determined by the

wind turbine’s rotational speed ratio [28].

Vi (11)
Or

P blade tip speed
wind speed (12)

where (M) is the speed (the speed of the
turbine or the propeller's operating
coefficient).

2.2 Users of the Wind Power Plant's

Electrical Energy

Variations in current and voltage frequency
result from wind turbines producing energy
at wind speeds of two to three meters per
second while running at lower power levels
for longer periods of time. When operating

on a linear active load, such as electric

heaters, a wind turbine's power consumption
(Pc) is exactly proportional to voltage (V
squared).
B =P

n (13)

P.: power consumed by the electric heater.
P1n: device power rated.
V: electrical appliance voltage falling.

V,. electrical appliance rated voltage

falling.

The maximum power Py developed by the
wind turbine is proportional to the current

frequency f to the cubic power:

Pwt = I:>n ’ (fi)3v
n (14)

Pwt: wind turbine power.
f: output frequency of wind generator.
Pn2: wind generator rated power.

fn: the rated current frequency of the wind

generator.

The generated power and consumed by a
wind turbine can be determined by the
connection between the generator's voltage
and frequency, corresponding to ideal wind

turbine-active load conditions.

\Y f
o (_)3/2 ,
Vo s (15)

280



Tamadhur Thamer Hashim, Seref Kalem / Al-Rafidain Journal of Engineering Sciences/ Vol. 2, Issue 1, 2024: 274-301

An asynchronous motor may be driven by a
standalone wind turbine, which requires an

optimal voltage and frequency ratio [29]:

Voof T
Vn_(fn) (Tn) ’ (16)

T,: current of load resistance moment.

T,: nominal value of the moment of

resistance of the load.

A converter is attached to rechargeable
batteries, and after determining the
generator's voltage and frequency, a brief
description of the converter's requirements

is formed.

2.3 Types of PMSM-Based WECS

PMSM motors are classified into radial and
axial fields based on the flow of magnetic
fields. Radial fields are commonly used due
to their high flux density and energy
acceleration, while axial fields have parallel
field coherence. Surface-mount PMSMs,
where permanent magnets are placed on the
outer circumference of rotor plates, offer
higher flux density but weaken the
mechanical structure of the electrical

machine, affecting its performance.

N

Figure 2. Surface insert a permanent magnet [30].

Other kinds involve laminating the magnet
between plates inside the rotating portion of
the electric motor, which depends on the
placement of the magnet inside the spinning

component.
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Figure 3. Interior permanent magnet [30].

Figure 4. Interior permanent magnet with

circumferential orientation [30].

PM machines are classified into two main

parts: generator and engine, with various

types listed in a chart.

Pemanent Magnet
Brushless AC Machines
(PMAC)

Axial Field

[ Radial Field |

v
| Radial Field |

Trapezoidal Sinusoidal
Excitation Excitation
| v
Surface Interior Hybrid
Magnets Magnets Excitation

‘
i | Cageless
Disc Rotor Rotor
y

v Y
gg?oer Claw Pole
/

Figure 5. Classification of Permanent Magnet Magnate Machines [31].
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o . The electric motor of PMSM can be
The machine is classified as a generator and ) _ )
] ) modeled using mathematical equations,
electric motor, with two types based on o
analyzing it from a three-phase system to a
supply wave shape: PMBLDCM for square ) )
] ) binary system using the theory of references
wave and SPMSM for sinusoidal wave.

[32].
3. Modeling of PMSM-Based WECS
Rotor
q-axis
IS
iq
Stator mmf
v
Rotor
~ d-axis
o v
re id
’ Or
Stator = 7 » Stator axis
2\ >
Rotor 4
Figure 6. Axis motor [32].
The mathematical model of a permanent by the following statement in vector
magnet synchronous generator is determined coordinates dqg [32].

i, R L, i L,

o > |:] YV G ¥ 1 Y Y
vs‘i me Ll} i C‘) vsq me (I “d isa‘ —‘P PM )(TD

o G

Figure. 7. The vector equivalent circuit (dg) of a d 1
permanent magnet synchronous generator [32]. ald = Evd _Eld + Py

(17)
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d. 1 R. .Y, P,
alq—qvq—qh—p'(l)e'ld +T
(18)

The formulas and illustration suggest a
sinusoidal shape for the element's EMF due
to its amplitude and rotor location, figuring
out a permanent magnet synchronous

generator's electromagnetic torque [33, 34].

T, :1.5p[\|friq +(Ly - Lq)iqid]’ )

Where is the angular velocity of the rotor?
The following values describe the amplitude
of flux: vq is the g-axis voltage, vd is the d-
axis voltage, iq is the g-axis current, id is the
d-axis current, and R is the stator winding
resistance.

where p is the number of pole pairs, r is the
rotor's rotational velocity, iq, id, and vq are
the g- and d-axis currents, Lq and Ld are the
g- and d-axis inductance and voltage,
respectively. Active power in the motor
mode can be stated as follows as part of

apparent power.

P =1.5p[edid +eqiq} (20)
ed -~ eLqiq = _(Dqu (21)
€ = _(OeLd id T O Y, = WY (22)

Here, ed and eq stand for the flux
connections of the dg-axes as well as the
back EMFs in the vector coordinate system

of the dg-axes. The active power may be

expressed as follows:

I:zzm :1'5(0(3 ':\Vd iq _qud] (23)
As a result, the electromagnetic torque

generated by the PMSG is defined according
to this [32, 33, and 34]:

P 3 o
Te = e/”‘P =§(§j[wdlq gy |

(OR E
T, =15p| iy + (L — Ly )i |

(24)
4. Modelling of Power Electronic Part
The converter model consists of a frequency
converter and starting block, with the
inverter operating through a PWM switching
pulse and a DC voltage link [34]:

V,=L2+Ri, +V,

dt
di, _.

W, = LEJF Rl, +V,,
di :

V, = Ld—{f+ Ri, +V.,

(25)
The voltage source's phase voltages are
shown here by Va, Vb, and Vc. phase
currents, Vdc is the DC output voltage, and
C, DC bus smoothing capacitor on. ia, ib,
and ic are the phase currents. A, B, and C in
Vr. Following that, the source phase voltage

is written as:
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V, =V,,sin®

Vi :Vmsin(e—z—;c)

\'A :Vmsin(e—%nj

(26)
where Vp, denotes the voltage value at its
maximum. Is used to denote the input
voltage of the inverter. Given that the work
generates an alternating voltage using a
bipolar switching paradigm, the value of Si
(u, v, w) is (1, -1) if there is a two-state
valve action. Following that, a matrix of
three-phase functions with 6 times the
switching time is used to represent the

inverter voltage UN (u, v, w) [34]:

. 2s, -S, S,

U,lbl==—]-5 25 -S

N 3'-5 a b c
C -S, =S, 28, @7)

The matrices below [22] illustrate how this
sequence might be characterized as follows:

Si(a,b,c) =

[2S5 —Sp Sc —Sa 2Sp —Sc —Sa —Sp 2S¢ | (28)
The following values must be designated for
the dependency characterizing the inverter:
R-coil resistance, L-inductance, Vdc-DC
link voltage, and Si-state of the switching

function for three states:

Si(i=a,b,c)
= {1 upper IGBT is ON 0 lower IGBT is ON

The conversion mode may be created [33].
Depending on the number of phases, Key Si
changes. It adheres to the input voltage and
current phase relationships.

This enables you to replicate the rectifier's
behavior after processing the control
algorithm’s input parameters. The following
(3.38) presents the standard mathematical

relationship of arithmetic matrices [34].

25, —s, e

a 'F{T a [ a

d R | |
—|i == [+—| s, 25, —s V. +—|¢
dr .b La b 3 LS a b c | d ) b
I, i -5, =S, 2, e
(29)

The excitation voltage UN may be found in
matrices (3.37) linked to the machine-side
parameters Rs and Ls as well as the
inverter's three-phase alternating currents
(ia, ib, and is). The rotating electromotive
force (EMF), which the machine winding

induces, is denoted in the formula as e (a, b,
c)

5. Vector Control Method of PMSG

In a synchronous machine with permanent
magnets, It is thought that the inductances
along the d and q axes are equal, simplifying

the torque equation.

Te =1 p[wrifJ (30)
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The maximum torque is achieved by setting
the d-axis current reference to zero,

permitting the electromagnetic torque and q-

g-axis

A
N Ve

axis current to have a linear relationship,

allowing for vector control.

e qq

V&= o, &

I 4

®e 4]

w- -» d-axis

Figure 8. Shows a vector driven PMSG diagram [32].

To ensure vector control, the generator's
spinning field wvalue must be chosen,
ensuring the axis and signal region align
with the stator flux vector. In the process of
converting a three-phase system (ABC) into
a two-phase stationary coordinate system
(o, B, system), the following formulas are
used to adjust the phase count (Clark
transform) [32]:

V, =V,

V., = B_Vc

B (31)

Equation 30 converts the number system's
biaxial stationary values into rotational

values via the Park transformation.

The Park transforms represent the. [32, 33,
34]:

Vy =V, cos(6) +Vj;sin(6)

V, =V}, cos(6) -V, sin(6) (32)

The vector control approach  for
synchronous generators with permanent
magnets is depicted in Figure 9, including
wind speed, MPPT, wm, TSR, PI, SPWM,
PMSG, and P number of poles.
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S
i

Back-to-Back Converter
DC-Link

L

3 phase load

Vw PM‘Sy
T - iali

Wy ABC

Wi J- Wy
i
a

W 1]
: e -
1g
w,
m re

MPPT

Sa

TSR

rter
v, 7
q Vd* _?D
——{nH
j= N
E=)
[e

A A
4Q}*T+ S L-,*,‘lf
s i
— I =+ Cpe S —
L ’ 7

i sa

’[I .si!fi

Grid-Side
Converter

f x,ﬂ,!{?.sﬁ!'*

Generator-Side

Inve
Vvdc I—~

Figure 9. Vector control of PMSG — control strategies scheme

Based on the ideal propeller speed ratio, the
generator power converter employs MPPT
control in conjunction with a vector control
strategy. The d-axis current control loop, g-
axis current control loop, and speed control
loop are the three feedback loops in the
system. The generator's actual speed is
contrasted with its reference value, and the
Pl controller manages the optimum speed

value.
5. CONCEPTUAL FRAMEWORK

5.1 Factors Affecting Electricity
Generation

Various obstacles in the form of buildings,

trees, or neighboring wind turbines can

reduce wind speeds.

Wind farms require precise placement and
careful monitoring of individual turbine

arrangements.  In 2018,  physicists

discovered that arranging turbines unevenly
can increase the average output of a single
turbine by 30%, highlighting the importance
of careful design [36-37]. Wind farm
design should consider mutual turbine
locations to reduce electricity production by
up to 10%. Wind power issues can be
addressed by increasing airflow and making
it adjustable. Traditional methods involve
increasing rotor working diameters or tower
heights, but these methods can capture more
wind energy and convert it into electricity
[38]. As the rotor height increases, the
average rotational speed also increases, with
higher altitudes resulting in greater wind
speeds, resulting in increased power
production [39]. Engineers are primarily
working on a method that increases rotors
and mast heights, but this has limitations

due to production and maintenance costs.
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Small wind turbines face issues in power 5.2  Development of wind energy
management, control elements, and on-off conversion system

modes. A power regulation system for a PM Chapter three presents a complete wind
generator uses two loops to stabilize wind conversion  system  designed  using
power utilization and load power [40]. mathematical analysis of mechanical wind

turbines, electric generator, inverter, and
load, utilizing a synchronous PMSG electric

generator with SPWM control.

1=

torque-li

15— ! Wi
}_1 ! PMSG F '

SVPWM——abc 20 uabe(s)1}

Inverter

J_J Vw Tl
Wind
1Tg Wm
|-—~Beta Wr*
contral Ti
Turbie

Control

Figure 18. The model demonstrates an autonomous wind energy conversion system using a permanent

magnet synchronous generator with vector control.

ZO)>—»Vabc labe .:D
vabc iabc
Te
(3 )>——+ ThetaE

tetta ld—@D

id

We .

:DF» Tl wml q _@iq

Tl PMSG with Tranformation

Te Wep . Tel

Model of Drive train

Figure 19. Direct drive of a permanent magnet synchronous generator.

The study analyzes a 6-kW wind turbine electrical, and electronic systems using wind

system in Irag using MATLAB/Simulink, speed data.

obtaining unique results for mechanical,
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<9 Wm ldfpy——Q
We Id
D <D
—Valfa,betal g Te 1q labc
D—Vabc Valfa betal, ‘ Vdq Inv Clarke Transformation
Jabe B ThetaE I ‘ abc ab
—Theta
Transf ion Vab Ifa,b e
ransformation Vabc to alfa,beta Park Transformation PMSG ab
& ThetaE
ThetakE .
nv Park Transformation
QD
Te
Figure 20. PMSG Blocks.
va* V d-g/alfa-beta V alfa_beta/ abc
D A”'a_l—’Alfa A
] Q B
Vd* SPWM
theta Bata » Beta c
Id* '&D'
teta
1d1

Figure 21. A vector control block based on the coordinate transformation scheme.

The parameters for authentic mechanical
and electric generator models were sourced
from renowned wind turbine and electric
generator manufacturing firms, which were
also utilized in studies and research. Figure
22 displays the power-speed relationship
and turbine mechanical characteristics at a

blade angle of attack f = 0 for various wind

speed values (6-13 m/s). The study

demonstrates the relationship between

power and wind turbine speed and
mechanical characteristics, illustrating the
of blade

frequency on turbine rotation.

impact angle and angular
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Figure 22. Dependence of turbine power on speed.

The maximum power maintenance mode
(MPPT) controls the transition from one

mechanical curve to another at maximum

maximum power at the turbine output is 5.6
kKW at a wind speed of 13 m/s. The
characteristics of the PMSG and inverter

points for different wind speeds. The frequency are calculated bellow
T T
880" [—Rotor speed rps|
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340 - -
S
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Figure 23. Rotor speed of generator with time.

Figure 23 shows the generator's speed changes with wind speed, reaching 800 revolutions per

minute in 6 seconds.
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Figure 24. Electromagnetic torque of PMSG and mechanical torque from turbine

The development of the electromechanical speed due to increased current. Current and
system is successful when the torques of the voltage are generated by PMSG rotation.
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Figure 25. Three-phase current ABC from PMSG with time.
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Figure 26. Three-phase voltage ABC from PMSG with time.
Figures above show that wind speed affects
the

permanent magnet synchronous generator's

three-phase current and voltage, control system, using MPPT strategy,

resulting in increased control performance. effectively extracts maximum wind turbine

High control reliability is observed as the power and converts it into active electric

current at 6 s equals 20 A and the voltage is power for consumer delivery, as

380 volts. The rated speed and current are
The PMSG

demonstrated in simulation results.

also represented in 6 s.
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Figure 27. the signal control voltage from the FOC volte.

The required voltage for controlling inverter

switches is not exceeding the required

voltage, resulting in a theoretical control

voltage of 20 volts. The efficiency of the
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wind generator is dependent on the rotation

speed of the PMSM rotor.
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Figure 28. Dependence of efficiency on rotor speed. (RPM)

The wind generator's efficiency increases

with wind speed, reaching 86.22% at a

6. Results and Discussion

Renewable energy, such as wind and solar,
IS gaining popularity due to its potential to
provide electricity in isolated areas without
causing greenhouse gas emissions or air
pollution. This paper focuses on developing,
implementing, and designing a wind energy
model for Iraqi conditions, including wind
turbines connected to an electric generator.

The optimal locations and heights for

o 6
=
-
Q
Q
>
!
2
2=

maximum speed of 8.8 m/s, indicating a

continuous increase in input power.

generating energy in lIraq are identified, with
the Basra site having the maximum
potential. The electrical power product by
the turbine was calculated for both cities to

show which one is the best.

6.1 Calculation Studies for the Project Site
at Nasiriyah

The average wind speeds during a year in

Nasiriyah are shown in Fig 29.

e i S

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Months

Figure 29. Average wind speed in Nasiriyah during the year.
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Through year the wind speed started with 3
m/s and increase until reaches over 5 in July

then decrease to 3. The instability in speed

Next, wind speeds of a height of (20 and 50
m) at the hub level of the wind turbine hub

were calculated by month (Fig 30).

caused by the climate changing through
seasons.
30
25
15 /v—o—o—a/._\_._‘_‘
15
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5
o ©
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Wind speed, m/s

=0-20m ==50m
Months

Figure 30. Average wind speed in Nasiriyah.
Nasa Power system data for 2020-2021 where high speed occur because the area is

confirms an interval of average wind speed at open and has no barriers to prevent air

50 m altitude between 5-10 m/s. the values of flowing.
speed increase with increasing of altitude,
NASSRIYA
6 7
5
8| gttt 4.5 3 43
3 F .5
2
1
0
N N A & A A LS S S S >
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Figure 31. Wind speed in Nassriya city.

5.8 meters at an altitude of only 10 meters
[42].

Recent studies reveal that Nassriya city

experiences wind speeds ranging from 4 to
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The Nasiriyah diagram shows those days in
a month during which the wind speed

Wind speed

30 days
25 days
20 days
15 days
10 days

5 days

0 days

=
=
£

Feb Mar Apr May

reaches a certain value (Fig 32).

Jul Aug Sep Oct Nov Dec

0 >1 *>5 ®>12 ®:>19 @28 ©® >33 >50 @ >61km/h

metecblue =

Figure 32. Wind speed changes in Nasiriyah.

the power generation of one freestanding
wind turbine (height 20 + 50 m) without
taking into account mutual shading by other
wind turbines for one month (Kr = 98 %)
[41]:

Wone wpi = 24 * 0,98 *
(538,51« 7+ 1051,25 %5
+ 1816,56 * 6 + 2884,63
*5+6130,89 * 7)
= 1817,29 kWh for 20m
and
Wone wpi = 24 * 0,98 -
- (538,51 x5+ 1051,25 = 3
+ 1816,56 * 7 + 2884,63
*9+6130,89 x6) =
= 1912,39 kWh for 50m

For one installation including auxiliary
needs for one month:

1817*29-93 % = 1690,08 kWh

And

1912.39*93 % = 1778,53 kWh.

The projected annual output of marketable
electrical energy of a wind turbine to the
grid is determined according to the grid is
approximately 20281 and 21342 kWh.

6.2

alculation Studies for the Project Site at
Basra

The average wind speeds during a year in

Basra are shown below.

295



Tamadhur Thamer Hashim, Seref Kalem / Al-Rafidain Journal of Engineering Sciences/ Vol. 2, Issue 1, 2024: 274-301

Wind speed, m/s
D

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Months

Figure 33. Average wind speed in Basra.

The Basra city indicate low wind speed
through all months, where it started under 3
m/s and the max value reaches to
approximate 6 m/s and then return to 3

because of its location at the south direction
40
30

20

Wind speed, m/s

0 o

which influence deeply by comparing it with
Nasiriyah.
Next, wind speeds at the hub level of the

wind turbine hub were calculated by month.

G DI U

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

=@=20 M =fr=50 W\ =@=
Months

Figure 34. Average wind speed in Basra at a height of 20 m and 50 m.

NASA Power system data for 2020-2021
confirms an interval of average wind speed
at 50 m altitude between 5-11 m/s. the
altitude has same influence through all cities

because in Irag there are not vertical
building with high level just horizontal

constrictions.
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Figure 35. Wind speed in Basra city.
From the recently presented studies, we note The Basra diagram shows wind speed days
that in the city of Basra, the wind speed in @ month, with monsoons producing strong
ranges between 4 and 5.6 meters at an winds from December to April and calm air
altitude of only 10 meters [42]. currents from June to October.
Wind speed
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Figure 36. Diagram of wind speed changes in Basra.
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For the given site, the power generation of one
freestanding wind turbine (height 20 m)
without taking into account mutual shading by
other wind turbines for one month (Kr = 98 %)
[41]:

Wone wpi = 24 * 0,98 *
% (1051,25 * 2 + 1816,56 * 4
+ 2884,63 * 4 + 4305,9 x 6
+ 6130,89 * 7 + 8410 * 7)
= 3493,4 kWh
For one installation including auxiliary needs
for one month:
3493,4*%93 % = 3248,86 kWh

The Basra site has the highest energy potential
among all sites with the same wind turbine
parameters, according to the grid's projected
annual output of 38986 kWh.

7. Conclusions
The study developed an electromechanical
usingg MATLAB  SIMULINK,

including a turbine and a power generation-

system

based permanent magnet machine. Two cities
in Iraq (Nassriya and Basra) were taken to
study the effect of wind speed throughout the
year. The results indicate that in the first
month of the year, the wind speed started with
approximately equal values for both cities,
while the difference appeared in the middle of
the year, then returned to a decrease.

The highest wind speed is at Basra because of
its location, where the maximum speed is

above 6 m/s in July, but at AL-Nassriya, the

speed reaches 5 m/s in the same month, and
this difference is caused by the changing
climate, where the weather in Basra has more
humidity than in Nassriya. The altitude of the
turbine has a deep effect on the work
efficiency, where the high efficiency obtained
at a high-level means that the wind turbine
was built at a very high level to ensure that the
wind speed was the highest, as indicated by
the test. The 50 m latitude gives a higher speed
than 20 m through all months of the year and
for all cities because construction prevents it.
At last, the usage of wind power in Iraq is
increasing due to its excessive efficiency,
highlighting the capacity of wind turbine
converters with networks for renewable
electricity. The system's general efficiency
become 88.22%, indicating its durability and
efficiency inside the Iragi climate.
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