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ABSTRACT

The paper presents the wind generator system with permanent magnet synchronous generator and energy
system for storage. The analysis of theoretical and characteristics of power generation is discussed. The power
of wind and potential is analyzed to meet the future energy demand. Detailed structure of the wind turbine and
synchronous generator focused on the interconnection and the enhancing stability of the power supply. The
model of wind generator, the boost converter by employing PID controller method and the energy storage
system to deliver the stabilized voltage. The power electronics circuits used as a interfacing and their model and
analysis has been emphasized. The generic three phase AC-DC-AC converter, methods of converter control for
wind power generation and PMSG generator modeled. PID controller method employed to deliver the single
phase supply for domestic appliance. This work provides a detailed methodology to assess the impact of wind
generation on the voltage stability of a power system. In order to verify the presented model and the control
strategy, simulation MATLAB/Simulink software have been conducted. Simulation results proves the stable
output of the supply.

Keywords— Wind Energy Conversion System (WECS), Permanent Magnet Synchronous Generator (PMSG),
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1. INTRODUCTION

The global warming and harmful effect of carbon
emission is increased awareness among the people.
Wind energy has experienced the highest growth in
past and coming years. Because of its clean and
renewable energy sources. Wind energy is a
pollution free resource, its inexhaustible potential

and also cost effective advantages over the other.
The drawback of wind is irregularity in occurrence
and also discussed to increase the energy generation
from the wind. Recently, the development of wind
generation has resulted in an increasing impact of
wind power on power systems. Small unit of system
is inevitably affected. In the wind energy conversion
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systems (WECSs), the project focused on the small
units to provide the electric power supply in remote
areas the are beyond to connect to electric power
grid or its cannot be connected economically by
adopting the opposite control method. First, a
optimizing robust control with intent of increasing
the power output of a speed wind turbine with
permanent magnet synchronous generator. The
wind power generation is a converting aerodynamic
power to rotor and from rotor power to the
electrical power.

The increasing of power generation is achieved by
closed loop structure in which the control stage of
extreme synergy. PMSG are particularly focused
invariable wind energy application and not require
external excitation method. The cost benefit is that
rectifier may be used at the generator terminals
since no excitation method is needed. The generator
torque with an wind rated value and pitch controller
online to stop the load of wind turbine. Controller is
designed against robust variation of wind speed. The
proposed control strategy is validated through
simulation with proposed PID controller switching
technique to reduce the power fluctuation and load
current under fluctuating with rated wind speed.
With variation of the wind, the switching of control
can lead to significant in power voltage and variable
loading. This innovative control strategies for wind
operation, from the aspects of maximizing the
power output and reducing the power flicked and
variable load. Due to variable nature of wind, the
utilization of an energy storage device such as a
battery can significantly enhance the reliability the
reliability of a small unit of wind system. The
simulation results demonstrate the proposed
scheme of the stand alone wind based energy
sources for domestic application.

2. PROPOSED SYSTEM MODEL

The energy captured from the wind by the blades is
modeled asymmetry in the turbine due to
disturbance imposed the vortex interaction of tower
and the mechanical swings in the blades are
imposed in order to give the accurate value of wind
energy conversion systems. The dynamic conversion
system comes up from the modeling of the dynamic
behavior appropriate to the main subsystem of this
system. The variable Speed wind turbine drive train,

the PMSG and power converters are achieved. Drive
train dynamic is modeled by two mass model
approach and more appropriated in detaining the
behavior of the system.

The turbine rotor of wind is connected to the
synchronous generator and its converts the
mechanical energy into electrical energy. The
generator ac voltage is converted into dc voltage
through arectifier bridge. The bridgerectifier outputis
matching the generator ac voltage to the dc voltage,
while the boost converter produces the constant dc
voltage. The output of the boost converter is
connected to the battery bank. It is fed to the
inverter further to the load. The voltage constant
for variable wind speeds. The power supplied to
the storage system when wind speed is high and
further stored in the storage system. When the
wind speed is low, the generator, together with the
battery bank, can provide sufficient energy to the
loads. Furthermore, this voltage is applied to a
single- phase transformer, which boosts up the
voltage to 230 V.The inverter controls the transfer of
power. A dc link capacitor coupled between the
generator and the electronic circuits and offers
control flexibilities for the power converters. The
proposed model diagram as shown in the figure 1.
The developed model and control method was
simulated in Matlab/Simulink and validated for
different conditions. The test result shows the good
performance and the developed model control.
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Figure 1: Proposed model diagram

2.1 Wind Turbine

Wind turbines harness the power of the wind and
use it to generate electricity. Horizontal axis wind
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turbines (HAWT) are most common type of wind
turbines. Its design is taken from the design of
windmills, which have blades that rotate and spin
around a horizontal axis. The horizontal axis mainly
is the rotor shaft that is considered the electrical
generator shaft. Horizontal axis wind turbine has
three blades around a rotor. The rotor is connected
to the generator shaft. The electrical generator shaft
rotates and the generator generates electricity. The
electrical power produced passes through a power
conversion system. The stored energy from the wind
is a low quality form of wind energy. So many
factors influence the factor of the wind speed and

=1y {l +3 A, sin(a, f):|

The wind energy of mechanical energy conversion
passed to the rotor of a wind turbine and factors
influenced between the tower of wind turbine and
energy conversion.

Mechanical effects have been modeled by Eigen
swings mainly due to the asymmetry in the wind
turbine, tower interaction of vortex and mechanical
Eigen swing in the blades. The mechanical power
passed over the wind turbine rotor has been
modeled.

Maximum power coefficient by considering pitch

it's modulated as source intermittent variable angle and equal to

energy. It's characterized as variable in the Cpmax (;Lopt((}), 0)=0.4412
magnitude of wind energy and direction.

Wind energy as random variable given by
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Figure 2: Simulink model of wind turbine with pmsg
The amount of power in the wind is a function of the 1 ;
wind density, swept area of the blades, Ab, the P, = 5 Py vy
coefficient of performance, Cp that has to be less
than 0.59 which is Betz

Limit and proportional tp cube of wind speed, vw,

The mechanical power, Pm, extracted from the
wind can then be expressed as

1 3 )
Betz limit is the upper limit of power that we can P, =5 P A4, -v, 'CP{/‘--,@)

extract from the wind. The wind power equations
are:
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The mass of two drive model implemented in
Simulink is shown in figure 4. It’s a wind turbine

Turbine

rotor and shaft coupling system.
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Figure 4: Wind turbine drive train based on 2 model based

The system describes shaft torque T, W_wt as
output and T_wt, generator speed per unit as input.
It is a closed loop system where the feed forward
path is provided before the gain. The input is
amplified by gain then it is multiplied transfer
function. The output give W_wt as the first output
result shown in figure 3.The output have generator
speed as a input with a process of T_wt with further
amplification with an gain. It is compared with the
calculated input giving its final output T_shaft.

The equation for the two mass models is tensional
and state equation for the rotor angular speed at
the wind turbine.

The rotor angular speed at the generation given by.
%:% (T - Ty — T ’Tf.s)

Where Jt is the moment of inertia

Tdt wind turbine bearing resistant torque

Tat is viscosity of airflow and hub resistant torque
Tts is the torque of tensional stiffness

Torque

2.2 Permanent Magnet Synchronous Generator
Permanent magnet synchronous generator is the
major source of electrical energy. Permanent
magnet synchronous generator has drawn a wind
energy conversion and it is promising solution to
direct drive wind energy system. Major advantages
of PMSG based wind turbine gearbox removed, due
to its salient pole of permanent magnet
synchronous generator operating at low speeds and
also the Self excitation brings about various benefits.
This not only cost reduced, also the whole system
become more reliable. PMSG are used commonly to
convert the mechanical power output wind turbine
output into electrical power. Lower maintenance
requirements and thus lower cost are the main
reasons why PMSGs are proposed with variable
speed wind systems. It is named as synchronous
generators because f, the frequency of the induced
voltage in the rotor (armature conductors), is
directly proportional to P, the number of Permanent
magnet stator poles. A constant of proportionality
is, where RPM is the revolutions per minute of the
rotor (or angular speed) in a permanent magnet
synchronous generator, the magnetic field of the
rotor is produced by permanent magnets. The figure
5 shows the speed variation of the synchronous
generator with a variable wind speed.

The dynamic model of PMSG is derived from the

two-phase reference frame in which the g-axis is 90°
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The electromagnetic torque output as shown in the
figure 6.

The electromagnetic torque can be expressed as

Te = 1.5np -[(Ld —Lq)idig + YPM iq]

The permanent magnet synchronous generator
output voltage and current shown in the figure 7.
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Figure 5: Permanent magnet synchronous generator
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Figure 7: Permanent magnet synchronous generator
output the voltage and current

2.3 Boost Converter
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Figure 8: Boost converter simulink model

Modeled diagram of boost converter as shown in
the figure 8. Therectifieris matching the generator’s
ac voltage to the dc voltage, while the boost
converter provides the required level of constant dc
voltage. The DC/DC boost converter only needs four
external components: Inductor, Electronic switch,
Diode and output capacitor. The principle of
inductor volt second balance the states of average
value and the dc component of applied voltage
across the inductor winding is zero and average
current that flows through the capacitor must be
zero. To determine the voltages and current of dc to
dc converter operated in periodic steady state and
the average inductor current and voltages over one
switching. The converter can therefore operate in
the two different modes depending on its energy
storage capacity and the relative length of the
switching period. A PID controller is used to regulate
the output with positive voltage reaction, which
realizes and modulation factor is obtained and is
used as a allusion for the pulse generator.

2.4 Storage System

An energy storage system is composes a single
phase mosfet inverter and a bank of LAB 12V each
connected in series to afford the expected value of
the inverter with a state of battery voltage. The
energy storage system uses rechargeable batteries
for load demand, where the store of electric energy
used for during the peak load of peak periods. The
renewable energy uses such as a storing the power
generated form wind based PMSG during the
normal speed is used at low speed condition.
Battery charges during the period of low demand
and returning the energy the load. Load leveling
helps expensive peaking the cost of generator over
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more hours of operation. Status of the battery
voltage as shown in the figure 9.
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Figure 9: Status of battery voltage

2.5 Mosfet Inverter
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Figure 10: mosfet inverter Simulink model

The mosfet inverter Simulink model as shown in the @ . . . . . it . . . . .
figure 10. A mosfet inverter is an electrical power :m'f\ : A . A f'. A |ﬂ J
converter that changes Direct current (DC) to ' f\ {\ /‘l| \ J || | |‘|
Alternating current (AC). The output of the inverter n M'] l' { [ a 1 \ 1| 4 ]
bridge is controlled the pulses. The sinusoidal pulse % oy % i ' \ ]i 'Il - 1 f
width modulation inverter is commonly used in % 'J'i | \ ‘ { \ ) | } k r | I[ | i
industrial applications. The most efficient method of § o ll l| J \ ' i | \ : ‘ ! [
controlling the output voltage is pulse width E 2wl k - ’[ J \ x , | I !
modulation control within the inverter. The ? | \J | \V v J hVJ \ f
sinusoidal control pulses is considered and modeled. w . ; i l . ] l . ] :
The output of the inverter is fed to the transformer 0@ oMo ol M@ O o W O ol W
to boost up. The secondary terminal of transformer Time (Sec)

is allied to the variable load. An RMS voltage Figure 11: Output voltage waveform

waveform as shown in the figurel1l. 3. Conclusion

This paper presents the PID control system for the
distribution of electricity for standalone wind
system. The assessment model of the ability to
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predict the drive train in favour of the two mass
model for the wind energy conversion systems with
electric power ranges. With information about rotor
speed, load demand, battery state-of-charge and
simple rules of PID, control signals were generated
for a maximum power recovered from the wind in
respect of load demand, and can extend battery life.
The advantages of proposed PID controlled method
and it needs the optimal tip speed ratio and
maximum Cp, fast response time, simple controller.
The simulation result shows the power deliver to the
load. This paper shows that the
maximum power is traced on implementing closed

connected

loop scheme to remove fluctuation occurred in the
output by maintaining the switching in the form of
pulses on application of controlled rectifier.
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