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ABSTRACT

Wind energy is by far the fastest growing renewable energy due to its free availability and
environmental benefits. Maximum power extraction is a way to realize high power efficiency
for Wind Energy Conversion System (WECS). This thesis focuses on implementing the
Incremental Conductance (INC) method that has been used till now for Maximum Power

Point Tracking in photovoltaic (PV) systems.

The proposed system uses Direct Driven Permanent Magnet Synchronous Generator (PMSG)
which has no gearbox to reduce the cost and increase the reliability of the wind turbine.
Matlab Simulink is used to design boost converter and different MLI, then the most optimal
circuitry is chosen to justify the research topic. Although various types of converter are used,
the advanced converter with the use of inductor and controlled duty cycle with MPPT is
proposed in this work. Thus, the output is being constant under variable voltage condition of
the wind turbine by the boost converter. Use of five-level and seven-level MLI to reduce the
THD from AC output current and also MLI interrupt the flow of fault signal to the DC link
because it is not provide bidirectional power flow. An inverter is controlled by the SPWM
technique and obtained desired output across the inverter. “Maximum power point tracking
based grid connected wind energy system using converters” is done by the use of power
electronics devices and their applications have also been emphasized.
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CHAPTER-1

INTRODUCTION

1.1 Background

As the demand for electricity increases day by day, to fulfil that demand non-conventional
sources are combined with the conventional sources and the reducing of CO2-emission is one
of the challenge faces by us nowadays. It shows the need of renewable energy, hence, the
worldwide sector is concentrating on this and did something new for the environment. Their
work is not only providing the possibility growth in living standards but also securing that
growth for certain sustainability. On addition to the non-renewable sources like fossil fuels
oil and gas, the use of renewable sources will give huge contribution to the energy fulfilment.
The extraction of oil and gas has also given a positive contribution. It has pushed the
technology in most disciplines of engineering. In electrical engineering, the main results are
increased power handling of electrical drives to provide power to offshore compressors and
pumps, and a significant reliability improvement of many components. As a consequence of
this technology advance in oil and gas, high-quality components and systems are developed.
These components are also fit for use in other fields - for instance renewable energy. The idea
of supplying offshore installations from shore is not only politically driven as a result of
global warming. It also requires a certain willingness to make it happen. Oil companies made
several attempts during the 80’s and 90’s, but it was a demanding political process and failed
due to the big footprint. The Troll and installation are now fully electrified from shore, being
the largest oil platform in the North Sea this saves CO2-emissions in the range of 100,000 to
150,000 tons per year. Using renewable energy solutions like offshore wind would give a
green contribution to the electrification. One idea is to connected offshore wind farms and

offshore installations.

From the above discussion, it comes to understand that the generation of energy for the fossil
fuels resources are more critical. These types of resources produce lots of amount of CO-
which is the main cause of global warming. But if we talk about the availability of these
sources then these are limited while the demand for energy increases day by day, especially
the countries like India and China which are developing and industrializing countries. On
account of this reason, nation resembles Europe expanding inclination towards the renewable
energy sources. Wind energy is the standout amongst the most prominent wellspring of
energy, which is come to as higher rate as hydropower in nation like Denmark and Germany

1



[BMU 2007]. Denmark has the most elevated share of wind power while Germany has most
elevated wind control according to the report [AWEA 2004], [BWE 2006].

In early 1990s, the bulk power supply was done by the largest machine which was built by
Charles Steinmetz. But later on its complexity increase as the times passes on. Now in the
21st century, power system is fully standardized to AC systems which includes AC
synchronous machines (generators) operating at constant frequency products used and

transferred power on distances.

Our understanding of the energy system has on the underlying properties were calculated. But
in the 21st century, these properties are no longer universally and understanding of power
system concepts is anchored not fixed. The energy system today is expected that a variety of
AC and DC systems to integrate into three sectors: generation, transmission, and distribution.
Here should be able to handle both synchronous and asynchronous generators, centralized
and distributed resources and controllable by nature, and to manage the energy sources
inherently intermittent and variable. In India, the capacity of wind power and other renewable
energy sources are connected and are provided for the connection to take. This trend will
continue due to the growing concern about environmental problems such as carbon emissions
and global climate change, energy security in a world that is less than single-ended, and job
creation in an environment. Renewable energy is at the crossroads of all complex issues of
contention. All the modern sources of renewable energy, wind energy has to have been the

most successful, and therefore, the challenge of the immediate integration.

In the present scenario, conventional resources are at the edge of depletion as they are non-
renewable plus they are causing damage to our environment. Hence there is a need to see the
sources whose availability is easy and at the same time should not affect the environment.
Hence we are now focussing on the renewable sources of energy. Advantages of renewable
energy sources is that they are replensible as well as environmental friendly. Among these
sources, we have wind energy sources. In India, there is a high scope of wind energy

especially in the coastal areas as well as the higher altitude places.
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Figure [1.1]: Block Diagram of Wind Energy Conversion

From the above block diagram the whole project process is to be explain as, wind energy will
rotate the turbine blade by this rotation the wind power is converted into mechanical power
this mechanical power is used to rotate the generator by this generator here mechanical power
is further changed into electrical power by the general principle of electromagnetic induction.
Now this AC voltage is fed to rectifier, it converts the AC voltage into DC, as we want boost
up this voltage level. For this use DC-DC Boost converter. Rectifier converts the 3-phase AC
voltage into single phase and that output voltage of rectifier is fed to DC-DC boost converter.
Boost converter has a property to increase the voltage level on the output side. Hence this
output voltage is fed to inverter which can convert this DC into AC, and hence we use this
AC as industrial load or connected it with the grid. But before connected to the grid

synchronism is required to check this process is explain in future scope.
1.2 Current status of wind energy in India

The capacity of wind turbine installed across the globe has attained 486.8 GW by the
cumulative end of 2016, an increase of 17% compared to the previous year. Worldwide wind
power installation increased by 63.633 GW, 51.675 GW and 36.023 GW in 2015, 2014, 2013
respectively. India is at fourth position (28,700 MW) following the lead of China (168,690
MW), US (82,184 MW), Germany (50,018 MW). In India wind energy is getting more
attention because of higher reliability and less time required to install wind turbine [40].

Indian-owned company, Suzlon has been global choice in in past decade acquiring 7.7 market
share of wind turbine sales worldwide. Suzlon is currently the largest manufacturer of wind
turbines for the Indian market to keep about 43 percent market share in India. Suzlon has

success in the advanced technology of wind turbines in India in developing countries.



1.3 Monthly Electricity Generation

Wind energy generated power accounts for nearly 8.6% of the overall established capacity of
power generated in India. The wind power generated accounts 2.5% of total generation which
is approximately 28.700 MW for DEC-2016[40].

1.3.1 States wise installed wind power generation India as of 19th October 2016

Table [1]: Power Generation Capacity India

State Total Capacity (MW)
Tamil Nadu 7,684.31
Guijarat 4,227.31
Andhra Pradesh 1,866.35
Rajasthan 4,123.35
Karnataka 3,082.45
Madhya Pradesh 2,288.08
Andhra Pradesh 1,866.35
Telangna 98.70
Kerala 43.50
Others 4.30

Tamil-Nadu holds the capacity is about 29% of total wind power generation in India. Tamil-
Nadu government has come to understand the need and importance of renewable energy,
hence, to manage this task Tamil Nadu government has set an organisation in1985 named as
Tamil Nadu Energy Development Agency (TEDA). Now, Tamil-Nadu becomes the one of
the top leaders in wind power generation in India. According to Indian government under
“Make in India” these renewable source sectors like wind and solar have very large scope in
power generation so under this segment they are trying to build more and more plants from

these sources so it has two advantages:


https://en.wikipedia.org/wiki/Power_sector_of_Andhra_Pradesh

1) The problem of coal depiction will be solved.

2) The CO2 emission will be reduced.

In future, consumption of renewable energy must be seeking towards the various aspects of
research in wind power. Now days engineers facing challenges intromit the efficiency of
energy conversion, safety operation, increase of power capacity etc. In Fig.1.2 shows that as
increase in hub height exponentially power capacity also increases with time.
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Figure [1.2]: Height of hub and Power evolution with time [1]

1.4 Wind energy conversion system (WECYS)

With the WECS electrical energy produces comprises with wind turbine, mechanical
connection, generator and integration with grid. Blades of wind turbine are placed in the hub
as shown in Fig 1.3. As wind blows, shaft of the turbine starts to rotate. Then gearbox is used
to make the rotational speed increase or decrease according to the suitableness of the
generator. Now important part integration of grid with wind farm which is done power
electronic devices, which makes the voltage and frequency fixed so that power can be supply

direct to load or synchronised with grid.
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Figure [1.3]: Conventional Configuration Gearbox Drive Train [2]

In present era, two types of generator are widely used in wind farms: Permanent Magnet
Synchronous Generator (PMSG) and Doubly Fed Induction Generator (DFIG). Both

generator generates high quality of electrical power with controlled grid integration. But

superconducting generators brings lots of losses due to AC associated with the stator leads to

time varying magnetic field, so this generator is still under research .

1.5 Horizontal Axis Wind Turbine

The Horizontal Axis Wind Turbine (HAWT). In other words, the axis of rotation is parallel to

the ground. HAWT rotors are usually classified according to the orientation of the rotor

(Facing the wind or downwind of the tower), the hub design (rigid or staggered), the control

rotor (pitch vs. stall), the number of blades (usually two or three blades), and how they are

aligned with the wind (free or active yaw).

Rotor

Diameter

Rotor
Diameter

Rotor __-
Slade

Gearbox GSenerator
o o

Hornzontal Axis Vertical Aoos

Figure [1.4]: HAWT and VAWT



The major subsystems of a typical horizontal axis wind turbine including:

1) The rotor constituted by the blades and the support hub.

2) The driving mechanism, which has rotating parts of the WT (excluding rotor); it generally
has Generator, Shafts, Gearbox, Coupling, and Mechanical Brake.

3) Mainframe, including the nacelle of a wind turbine, bed plate, and yaw mechanism.

4) The tower and foundation.

5) The Controlling of the machine.

6) The balance of the electricity system including, Transformers, Switchgear, Cables, and

Electrical power converters.
HAWT Advantages

a) Variable pitch angle gives the best angle of attack.
b) To obtain more efficiency, the blades always rotate perpendicularly to the flow of wind

and it receives power from the rotation.

HAWT Disadvantages

a) Transportation is difficult due to 90 meters long blades and tall towers. 20% of equipment
costs are occupied by transportation.

b) At high installation of HAWT’s are difficult. It requires very large and expensive cranes
and skilled person.

c) To support the heavy Blades, Gearbox, and Generators robust tower construction is
required.

d) HAWT’s require additional yaw control mechanism for the rotating of blades.

1.6 Vertical Axis Wind Turbine

In VAWT’s the rotor is mounted on a vertical axis, the arrangement of these types of turbine
does not require pointed wind force. So, these can be easily used where the wind speed is
variable all the times. In Vertical axis turbine, the tower does not need a large investment to

support turbine blades because gearbox and the generator are located near the ground.

VAWT Advantages

a) This tower structure is less frequently used.



b) It doesn’t require any fixed pitch rotor designs mechanisms.
C) VAWT’s generally they start generating below 10m/s wind speed.

d) Low noise, Low maintenance cost.

VAWT Disadvantages

a) The single blade will work at a time so efficiency is very low.

b) They produce pulsating torque.

c) They have relatively high vibration because the airflow near the ground so, they create
high turbulence flow.

d) They create noise pollution.

e) They need an initial push to start, this action use few of its own produce electricity.

1.7 Doubly Fed Induction Generator

IG is electrically and mechanically same as induction motor. Induction motor (IM) work as
Induction Generator (IG) when speed of the motor is increased then the synchronous speed or
say shaft of the motor rotates quicker than the synchronous frequency. This type of
generators are not self- excited. To generate rotating magnetic field, this type of generator
need external supply, that is happens by reactive current. So it induces the current inside the
rotor and rotor produces a magnetic field also. If rotor starts rotating faster, then it work like

generator, which generate power at synchronous frequency.

Doubly Fed Induction Generator depends on multiphase induction generator, which takes the
feedback power from the grid. The advantage of the DFIG is at variable speed it permits to
maintain the constant value of the frequency and amplitude of the output voltage. In feedback
process or loop using a power electronic devices or converters can makes the controllable
power factor in between the DFIG and grid [3]. Doubly Fed Induction Generator connected
in both way either directed to grid or with feedback loop means with AC-DC, DC-DC, DC-
AC converts. This alleviates the induction generator to DFIG, which is shown in Fig 1.5.
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1.8 Permanent Magnet Synchronous Generator (PMSG)

PMSG consists permanent magnet inside the rotor which helps to produce magnetic field.
Permanent Magnet synchronous Generator having some advantages over IG that are cost and
reliability using wound electromagnets. In PMSG based wind turbine design a direct driven
because high PMSG power density that permits the generator operates at low speed and thus
no need for gearbox as shown in Fig 1.3. Maintenance and repairing of gear box is very
expensive, which increase the cost model of the turbine. As compare to other component
gearbox failure leads the 2-3 times downtime [4]. By this benefits PMSG has less weigh,
need less space and acquire less mechanical losses. In Fig 1.6 grid connected PMSG topology
is shown. Permanent Magnet Synchronous Generator cannot sent output power to AC system
immediately at variable speed. Integration of grid behaves like a controller that assure the

power at grid is synchronized with green energy (wind).
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Figure [1.6]: Integration of grid PMSG based wind turbine [3]

19 Maximum power extraction of wind
Wind speed is not constant it varies all the time. Output power of wind energy conversion
system affect with change in speed. In fig 1.6 shows that power varies as speed varies. So
WECS use some controllers or make some adjustment to get maximum power at any time.
Maximum power can be extracted by track the speed at different wind speed like as shown in
fig 1.7. Let’s take example at wind speed is 6m/s, the maximum power is extracted at 1pu. To
get maximum efficiency from wind turbine maximum wind power extraction topology should

be applied in the control mechanism of wind energy conversion system.
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CHAPTER-2

LITERATURE REVIEW

Ajami, Ali, RanaAlizadeh, and Mahdi Elmi et al. (2016) proposed a six switch
converter which is basically based on the PMSG having MPPT capability. It works as
rectifier to incorporate two variables wind turbine which is rely upon PMSG
(permanent magnet synchronous generator). Maximum power point tracking (MPPT)
is used in order to achieve higher efficiency. In low power applications, this approach
is efficient in terms of cost. Also this proposed technique enhances its reliability,
reduces its weight and also its size. MATLAB /SIMULIMK are used for its

performance and results. [5]

Raju Krishnama, S., and G. N. Pillaiet al. (2016) This paper talks about Type-2
Fuzzy Logic Controller for DFIG-Based Wind Energy Systems in Distribution
System. DFIG based system is capable to tackle issues like faults, load changes and
wind speed. The performance is checked by connecting the wind turbine to IEEE 34-
bus test system. The real time simulations are carried out using real time digital
simulator (RTDS) connected to hardware in loop (HIL) configuration to affirm the

implementation of the controller. [6]

Lee, Jinsik, Eduard Muljadi, Poul Sorensen et al. (2016) in this study, Releasable
Kinetic Energy-Based Inertial Control of a DFIG Wind Power Plant has been
proposed. In the wind power plant, wind turbine generators having several levels of
releasable kinetic energy. This Kinetic energy is due to wake effects. The change in
frequency along with droop loops are implanted in doubly fed induction generator

controller. The paper conclude about improvement in frequency. [7]

Nguyen, Danvu, and Goro Fujita. et al (2015) In this study , Analysis of sensor less
MPPT algorithm has been proposed .This strategy comprises of wind turbine, doubly
fed induction generator and photovoltaic system .this strategy is then compared with

the separate system with MPPT system. [8]
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Fateh, Fariba, Warren N. White, and Don Gruenbacher. et al. (2015) Suggested a
MPPT technique based on wind turbines for doubly fed induction generator (DFIG).
But in the conventional method, torque is directly related to the square of rotor speed
and three control laws are used to adjust its proportionality coefficient. The first and
second control law calculated the electrical torque and estimate real time values for

power respectively. The third law provides the speed to rotor. [9]

Nayanar, V., N. Kumaresan, and N. AmmasaiGounden et al.(2015) proposed a
Maximum Power Point Tracking having single sensor. The algorithm for MPPT
which is proposed here is not depending on any machine and wind turbine and MPPT

method is available for application of mircogrid. [10]

M. F. EImorshedy et al. (2015) This paper portrays controlling procedure for a off
grid WECS using a permanent magnet synchronous generator (PMSG). In this
initially DC link voltage is controlled by duty cycle. Therefore, to convert the voltage
of the DC link to the amplitude and to the required frequency of the charging voltage,
a sinusoidal pulse-width modulation (SPWM) for controlling the inverter.

The presented control strategy aims to regulate the load voltage in terms of magnitude
and frequency in different operating conditions, including wind speed. Wind
generation system under consideration he uses PMSG with a wind turbine, AC-DC,
DC-DC and DC-AC converter. The control strategy is presented based in part on
control of the duty cycle, Converter to convert the input variable to DC voltage,
because to different operating conditions, at a suitable constant DC voltage.
Therefore, a modulated sinusoidal pulse width (SPWM) UPS is used to adjust the
amplitude and frequency by controlling the modulation index. A sample simulation

results are obtained and analysed here. [11]

Xiaoyan Du and Huajie Yin(2015) This paper proposed DFIG-based wind turbines
have become the predominant wind turbines for high stability and its develop control
innovation. And MPPT controlling topology of Doubly Fed Induction Generator
based wind turbines is very important to enhance the wind power conversion

efficiency. This paper builds up the mathematical models of DFIG, wind turbine and
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rotor side converter, outlines the MPPT control procedure controller and the rotor side
converter controller, and employs the double steps hill climb searching method.
Results demonstrate that double steps hill climb exploring algorithm is a good method
to accomplish the MPPT of Doubly Fed Induction Generator based wind turbines.
[12]

Ms. Srushti R. Chafle*, A. Gadekar et al. (2015) This paper talks about control
algorithm for MPPT used in cuk converter. The MPPT helps in deriving maximum
power from photovoltaic and send it load by means of cuk converter boost up the
magnitude of the voltage. The objective is to extract the maximum possible power
from the photovoltaic module for this MPPT locates the point at which maximum
power of module is available. The generalized algorithms are applied for MPPT

which are easy to code and easy to use in model. [13]

G. Hima Bindu and Dr. P. Nagaraju Mandadi (2014) Paper presents the
comparison of wind systems based on various 1G. Here three induction machines
studied for the comparison are DFIG and SCIG and using a DFIG in single-sided grid
connection. Then the performances of all three machines are compared. The

controlling of rotor of SEF-DFIG by means of inverter [14]

Dalala, Zakariya M, Zaka Ullah Zahid et al. (2013) presented a small scale wind
power system with a MPPT algorithm and it utilizes the dc current as concerning
variable. The proposed algorithm identifies the sudden variation in the wind speed.
The presented algorithm indicates the improved stability and less variation in the
speed of wind condition and is implemented using a 1.5*103 Watt model hardware
setup. [15]

Jlassi, Imed, Jorge O. Estima, El Khil, SejirKhojet, NajibaMrabetBellaaj (2013)
et al. presented Multiple Open-Circuit Faults Diagnosis in Back-to-Back Converters
of PMSG Drives for Wind Turbine Systems. In this study different simulations and
results using PMSG drives has been analyzed. [16]
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A.Bharathi Sankar, Dr.R.Seyezhai (2013) The paper projects the simulation for
power electronic converter applied in WECS for the the Permanent Magnet
Synchronous Generator (PMSG). This simulation uses Double Carrier Pulse Width
Modulation (DCPWM) with Active Diode-Clamped Multilevel Inverter (ADCMLI)
to calculate the parameter for PMSG Execution parameters are assessed for the

proposed converter and the outcomes are confirmed. [17]

G. Estay et al. (2012) WECS are currently focusing on the higher power rating like
10MW. As in first generation turbines, they using SCIG which are directly connected
to the grid, which is limited to fixed speed operation if you want to obtain more power
than the second generation turbine are used which is DFIG here the rotor current are
controlled by reduced capacity of back-to-back VSC. The most modern turbine is

PMSG here two full bridge rectifier are connected to the boost converter. [18]

Joanne Hui et al. (2012) The modelling and controlling of a wind energy system
having a single-switch three phase boost converter and an adaptive maximum power
point tracking (MPPT) method has been presented in this paper. The benefit of single-
switch three phase boost converter is to accomplish for the generator’s power factor
correction of output current, and is able to modify the controlling of the MPPT in
WES applications. The MPPT controller is able to extract maximum power for
different wind velocity without using a wind speed sensor. The control of the MPPT
relies on feed forwarding both the input voltage and current of the boost converter to
permit the momentary power information to the MPPT controller. In this paper the
modelling and stability analysis of every segment in this WES will be talked about in
this paper. [19]

Rajaei, Amir Hossein et al. (2011) In this work, novel wind conversion system using
PMSG has been presented. This proposed system uses Vienna rectifier. The
performance of proposed wind conversion system has been compared with already
existing system such as wind conversion system using back to back converter. It is

found from the comparison that proposed system provides improved efficiency. [20]
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Xin Wang et al. (2010) for varying speed in wind turbine generator systems
Permanent magnet synchronous generators (PMSGs) are ordinarily utilized. The
paper portrays Buck-boost converter capable of following MPPT for enhance the
output for wide range of wind velocity. WECS is compelled by a PWM following
closed loop to drain maximum power by altering output voltage phase angle. The
control scheme promises effective performances of WECS at maximum efficiency.
[21]

Peng Xiao et al. (2009) high-power adjustable-speed motor drives, such as those used
in electric ship propulsion systems, active filters provide a viable solution to
mitigating harmonic related issues caused by diode or thyristors rectifier front-ends.
To handle the large compensation currents and provide better thermal management,
two or more paralleled semiconductor switching devices can be used. In this paper, a
novel topology is proposed where two active filter inverters are connected with tapped
reactors to share the compensation currents. The proposed active filter topology can
also produce seven voltage levels, which significantly reduces the switching current
ripple and the size of passive components. Based on the joint redundant state selection
strategy, a current balancing algorithm is proposed to keep the reactor magnetizing
current to a minimum. It is shown through simulation that the proposed active filter
can achieve high overall system performance. The system is also implemented on a

real-time digital simulator to further verify its effectiveness.[22]

Xiong Xin and Liang Hui (2005) the paper discuss about the work on conversion of
AC-DC-AC WECS with 1.2 MW as rated output with constant speed and variable
speed. The high level power is delivered to grid from PMSG via AC-DC-AC. The
simulation result justify the feasibility for multiple boost converter in wind energy
system, controlled by DSP. [23]
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CHAPTER-3

RESEARCH OBJECTIVE

Lots of researches are going, on renewable sources because after the depletion of the
sources like coal and oil, off the track sources like wind and solar attract everybody
towards it. It is also important because firstly it is free source and lots of new things
can be done in this field. The research is going on, how the 16/27 ratio increases
because till now we are able to get only 59.3% means wind turbine will convert only
70% of wind power means initially we lost 30% wind power. The basic objectives of
this paper are:

a) Improved the power quality wind Energy conversion system with integrated grid.
b) Designing of the Boost Converter in MATLAB SIMULINK
c) Designing of Multi-Level Inverter in MATLAB SIMULINK

d) Using MPPT algorithm tries the optimum power point of the wind turbine as
perfect as possible in MATLAB SIMULINK.
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CHAPTER-4

BASIC PRINCIPLES OF PMSG WITH WIND TURBINE

4.1 Wind Speed Model

For simulation of distributed wind speed and their dynamic behaviour, a model of
variable wind speed is needed. During simulation of wind model ramp, Gust and
random noise must be considered. Variable wind speed model has four components-
ramp vy, random vg , gust vg, constant vy [24]. Wind speed is taken as the sum of all

these four component.
The base wind speed of the turbine itself says that it is the constant value vy, of wind.

Ramp signal vr shows linear change in wind speed with respect to time. Fig 4.1 shows

ramp component of wind speed.

1,;
max R
0
Tz Tix t

Figure [4.1]: Ramp component of wind speed
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where,

max R : maximum value of ramp, m/s

Tir: rise time of ramp, s

Tor: settling time of ramp, s

Tr : the duration in which ramp has maximum value, i.e. max R, s

Vg is component of wind speed that simulate rapid change in wind speed. Its operation
is shown in Fig 4.2

vV
max &G
0o
e t
Figure [4.2]: Gust
0 . < TIG
v, =1(max G/2)* fl—cos|2n*(t/T,)- (T, /T,)]} : T,<t<T,+T,

where,

max G : gust’s maximum value, m/s
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Te : gust period, s
Tic : time taken by the gust to starts

Vn Is Gaussian distributed random noise. It comes due to friction of blades and ground
and it is shown in Fig 4.3

1\.."'

l.

Figure [4.3]: Gaussian distributed random Noise
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Hence, model of variable wind speed can be termed as:

V() = Vo (t)+ ve(D)+ V(D) + n(t)

4.2 Model of wind turbine

It depends upon the design and manufacturer, that some may design like if the wind
speed is less than the desired speed than maybe they rotate but can’t generate or build

any power, or may happen they didn’t rotate.
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If the wind speed is too high, for the protection of wind turbine, we have to engage
our protection mechanism and cannot allow the wind turbine to rotate because stress

is so high and may wind turbine brake so at this time wind turbine stop.

Yaw control: It is essentially the means of orienting the wind turbine, as it turns in
the direction of the wind. If we use Yaw as control mechanism then we have to make

it all the time move.

There are two types of Wind Flow
a) Down Stream wind Flow: In this, downstream wind turbine there is no need
of Yaw control, because it automatically turns, but here disadvantage is a

tower, as the maximum wind will be wasted due to the tower.

b) Up Stream wind Flow: In this, there is a need to control the Yaw control.

The mechanical power is extracted using wind turbine is dependent upon air density
(p), swept area (A), speed of the wind (v). Conversion of kinetic energy into
mechanical energy is done by the use of wind turbine [25]. Kinetic energy (KE) is
expressed as:

KE = 1/2mv?
where,
m is mass of air, kg
v is speed of wind, m/s

Since power is defined as the rate of change of energy, therefore,

P = dE/dt
1 ,2dam
P= SV (3.1)
Since mass flow rate is,
am dx
dt dt
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d
Where, v ==
dt

From equation (3.1)

P = air density, kg/m?
A = swept area of turbine blades, m?

It can be seen from above equation that mechanical power of wind turbine directly
proportional cube of wind speed. Every wind turbine have their betz limit
(approximately 59%) which ensure that how much energy can be extracted from
wind. Turbine can never extract whole kinetic energy present in wind and if it can
then there will be no downwind behind the rotor. Fig 4.4 shows the area covered by
upwind and downwind are different. Therefore, upwind speed will be higher in

comparison to the downwind wind speed.

P\ Downwind

\
' Vd

Up\.Vlr;ch’Yﬁl
|

Rotor area A

Figure [4.4]: Steam of wind turbine [24]

1 1 (v+vd
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Where,

Pm = mechanical power produced by wind turbine, watt

vd = downwind speed, m/s
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v= upwind speed, m/s

4.2.1 Solidity

Solidity is defined as the ratio of the projected blade area to the area of the wind
intercepted. The projected blade area is equal to the area projected in the direction of
the wind. With torque and speed solidity has a direct relationship. High solidity rotors
are suitable for pumping water because it has high torque and low speed. Low solidity
rotors are suitable for electrical power generation because it has high-speed and low
torque.

4.2.2 Tip Speed Ratio
TSR of a wind turbine can be express that
A=WT R/Vw

A= Non-dimensional
WT= Rotational Speed of turbine
R= Radius of turbine
VW= Wind Speed (m/s)

4.3 Modelling of Permanent Magnet Synchronous Generator

Modelling of PMSG is done by the use of Park’s Transformation. In park’s
transformation three phase rotating frame (abc) is converted into two phase rotating
frame (dqg). Using this voltage and current of three phase rotating frame can be
converted into dq reference frame [26]. Simulink block of Permanent Magnet

synchronous generator is shown in Fig.4.5.

>Tm
o A

m >
a B

oC

Figure [4.5]: Simulink block of PMSG
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Phasor representation of Park’ Transformation is shown in Fig.4.6

SA

B-axis

g-axis

Figure [4.6]: Phasor representation of Park's Transformation

VaB = Cabc - aBVabc

Vg has a 2*1 matrix. Vanec has 3*1 matrix

2 [1 B -
Cabc—aB:Jj
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Vdq has 2*1 marix.

COS(Ugt COS(,()gt

Cap-do= [—sina)gt coswgyt

Voltage and current can be modelled in dq frame as:

d . 1 R . Ld . Ap(‘)r
%lq: qu—zld-i' L—qurld— 7

q
Te=1.5p [Aig + (Lg — Lg)iaiq

Where,

Lq, Lq = inductance of d and q axis, mH
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ia, Ig = current of d and q axis, A
R = stator winding resistance, {2
Vd , Vq =Voltage of d and g axis, V
A = amplitude of induced flux in stator phases by rotor, Wy
Te = electromagnetic torque of PMSG, N*m
wr = angular velocity of rotor, rad/s
p = no. of pole pairs
Now,
We = Pwr
we = electrical rotating speed of the generator

From above equation rotational speed of rotor also calculated, because no. of pole par

known and with the help of measured electrical signal we can be found.

4.4 Maximum Power Point Tracking Techniques for WECS

Wind energy is one of the source which attract huge attraction as a renewable energy
source. This is also because due to depletion of fossil fuels. Wind energy is abundant
source and varies continuously as wind speed changes mean to say it is not constant
all times so to make it effective we need to extract variable speed as power
conversion. The amount of power we get from this conversion system depends upon
the accuracy with which the peak power at the time can be tracked by the new and
ongoing technique (MPPT), maximum power point tracking controller of the WECS

irrespective of the type of generator used for this process.

A proficient tracker iteration is required for the MPPT to acquire the maximum power
from the wind turbine. A tracker algorithm tries to trace the optimum power point of
the wind turbine as perfect as possible, i.e. as reliable and fast as possible.

Throughout the years, many tracker algorithms have been established, each with his
own benefits and drawbacks. MPPT has many algorithms to track the maximum
power from input namely, Tip Speed ratio, Power signal Feedback, Hill Climbing

Algorithms, Fuzzy Logic Control, The Current Sweep method and the direct method,
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in this chapter, we will discuss the Hill climb method. The goal of the chapter is to
perform a literature review of the Hill climb method and its type’s algorithms in order
to be able to evaluate them and choose the most suitable one for our application.

The equation (A) has defined the efficiency of the algorithms, where Pact is the
product of current and voltage at the output of the wind turbine when the simulation is
carried out under desired operating conditions. The power obtain is maximum

obtained from wind turbine theoretically which is Pmax.

n=—2 4 100% (A)

Pma

4.4.1 Tip Speed Ratio (TSR)

This method aim is to keeps the TSR value at an optimum value by tracing the change
in kinetic energy of wind. It is a simple method but it needs the data, which is
collected or sensing by sensor to measures angular speed and wind speed of the wind
turbine. In Fig.4.7 shows the block diagram of TSR method.

Inverter output l

Tip-speed ratio
reference : /\ P> controller [requirements ’\ WES
opt A

wind speed V)

— P A_(UR/V < Speed of wind turbine )]

Figure [4.7]: Block Diagram Tip Speed Ratio Method

4.4.2 Power Signal Feedback

In this method estimation process is involves so that without flux sensor and wind
speed sensor only controller can take action. Sometimes control fuzzy logic algorithm
is used. The aim of this method is that at load side controls the reactive and active
power. In Fig. 4.8 shows that on the basis of electrical signal how converter at
generator side is regulated without evaluating the wind speed. Estimated reference

compared with voltage and current but first voltage and current are transformed into
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dg frame. The estimation is performed in the basis of output power of rotational speed

w, it is taken as a reference value.

| MACTINE
p o ol \ m\mm
P e, 0+ URE K Yl + Vi d '
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Py ] Il "y :
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Fig. [4.8]: Block diagram Power Signal Feedback [26]

4.4.3 Hill Climbing Algorithm

This method is the most common. Hill Climbing means that the iteration run in step
over p-v characteristic to locate the MPP. Hill Climbing can be classified in following
algorithms which are Perturb & Observe (P & O), dP/dV Feedback Control and
Incremental Conductance(IC).

In P & O the operating voltage is taken in consideration by sampling it. The algorithm
is designed in such manner that it changes the operating voltage in the direction
desired. For any positive value of voltage obtain algorithm changes the value in the
direction of MPP until negative is obtain. This process is carried up to the point
MPPT is obtain and frequency of perturb value chosen carefully according to respond
of WECS speed. This method is limited to the high variation in wind velocity. The
operating point oscillates around the maximum point. This method is most common

employing less number of sensor [28] and [29].
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Figure [4.9]: Flowchart of the P&O algorithm

The Z—I’j algorithm is based on the rate of change of power with respect to rate of

change of voltage. The power and derivative ( 2—5 ) is calculated after measuring of

both the current and the voltage and It also stored the sign of derivative algorithm for
the past few cycles. The duty ratio can be varied based on these signs to attain the
Maximum power point. The algorithm tells the fact that the derivative should be
equals to zero at the MPP.

Incremental conductance overcome the limitation of perturb and observe method

or say it is modified version P & O method.

Figure.10 shows that how the power increase with change in speed like when
speed is vw1 wind turbine working at “a” point. Then speed of the wind is change v,
the working point wind turbine shifts at “b” same as at vwz point shifts at “c”. In

Fig.4.10 power is follow the dash line.
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Fig. [4.10]: Speed v/s output power of wind turbine [29]

4.4.4 Summary of MPPT techniques

Generally TSR is not adopted because complexity of network communication and
sensor cost also high [19]. In Power Signal Feedback controller circuit takes the input
from electrical signals and wind speed sensor is not required in this method. To make
estimation it requires exact acknowledge of Wind Energy Conversion Method.
Controller installation increases the cost also because every time a new model for
every new network has to be built. Hill climb method doesn’t need any mathematics

model of Wind Energy Conversion Method and wind speed sensor.
In this thesis incremental conductance method is studied, which is one of the Hill

climb system method. For various Wind Energy Conversion Method IC technique is

simpler and easy to use then others.
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CHAPTER-5

GRID INTEGRATION OF WECS

5.1 Wind Turbine

The Wind is a free source of power and it is available everywhere. Always the wind
flows from a higher atmospheric pressure region to the lower atmospheric pressure
region due to the non-uniform heat by the sun and due to the rotation of the earth. In
other words, we can say that the wind is a form of solar energy available in the form

of that kinetic energy of air.

Figure [5.1]: Wind Flow through Turbine

Wind energy can be transformed into many forms of energy, such as the wind is used
to generate electricity, windmills are also used to lift water pump turbines and
propelling vessels. The Wind have a good amount of energy in it and whatever
amount of power obtained from the wind is much greater than the power available
from other sources which are used by humans. An alternative source of fossil fuels is
wind power, it is broadly expanded neat & clean renewable and the most important

one greenhouse gases are not going to be produced during its operation.

The day after Day, the development of the wind energy is improving and if it is used
properly then it is capable of fulfilling the growing demand of the consume. To fulfill
the growing demand of the consumer, the turbine should be developed with two

blades or three blades which have the higher efficiency to collect more wind power.

Higher speed and more efficient turbines were necessary electricity generation .With

the help of wind power, wind turbine generator electricity by driving an electrical
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generator. By using the power of the wind, wind turbines produce electricity by drive
an electrical generator. The Wind produces a driving force to the blades while passing
over it which drive the generator. A shaft connected to blades and shaft will rotate
when blades are rotating and gear box is connected to the shaft. The gearbox helps to
adjust the rotational speed which is favorable or suitable for the generator at the speed
where the appropriate output is obtained. The obtained power from the wind generator
is transferred to the transformer which steps up generated voltage up to 33KV. Which
is the desirable voltage of power system? From the swept area of the blades, a wind
turbine extracts kinetic energy. Wind energy can be defined as the kinetic energy of
the air mass flowing per unit time. The power available and the power transformed is
different by the factor of power coefficient. So the power generated aerodynamically

because of wind turbine is given by

Po= 0.5(pAVWA3)*C,

The Wind turbine is moreover dependent on the velocity of the wind. According to

Indian geographical conditions nobody can expect constant wind flow.

During soft start fluctuations occurred, and due to change in the direction of the flow
of wind, the revolution speed also changes. Due to the fluctuation occur in the flow of
air, the output voltage is also distributed so to attain desired output, we have to boost

the voltage and get constant output.

These are two constraints related to wind power, everyone knows that the wind is a
very abounded source, and it is very large power as it can destroy anything, So being
engineered our moto is to use this power source smartly till now lots of inventions are
done in the field of wind sector. But lots of can be about to happen there are related to
the voltage stability as due to the revolution of the generator or motor flux will be

produced and due to this, the electricity is generated.

Basically, a). If wind power is so less than it is useless.
b). If wind power is so large then it can damage the equipment like a

turbine.
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Basically, what is the wind, The Wind is moving air (something with considerable

force) from an area of high pressure to an area of low pressure.
5.1.1 Operation

If the wind is too high, so from that the wind turbine has to be protected, if it is too
high wind speed and we are extracting the full amount than the gearbox, the generator
will be overloaded and may be burned. Strategy to control the wind turbine is clear.

For that, we have to make a plan,

Power (kilowatts)
% Rated output speed Cut-out speed

v v,

Rated output power

Cut-in speed

3.5 14 25
Steady wind speed (metres/second)

Figure [5.2]: Wind Turbine Graph for Cut in Speed

From this graph, it is shown that at very low wind speed, it could not able to generate
any power so it should start from a cut in speed. Below this cut, in speed, the turbine

is not started or rotated.
5.2 Introduction about grid integration of WECS

Power electronic devices are used to integrate the grid with WECS that able to
transform the power into useful form. To make synchronism between WECS with
grid then constant frequency, constant voltage and high power factor (PF). Power
electronic components are AC-DC rectifier, DC-AC inverter and DC-DC converter
are can be integrate or combined for different intentions to satisfy the conversion of

power requirement of the load or grid.
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5.2.1 Basic Switching Devices

SCR was first introduced in 1957 as power semiconductor devices. A great variety of
solid state devices is available in the market. Some of the most commonly used
devices are as follows:

a) Diodes: These are uncontrolled rectifying devices.

b) Thyristors: These are controlled by turning ON and OFF by the gate signal.

c) Controllable Switches: These turn ON and OFF by controlling signals.
For a specific application, the choice depends on the power, voltage, current and the
condition of the system frequency. A common feature to these devices is that all
devices are three-terminal as shown in their circuits symbols generally used.
Triac and RCT possess bi-directional current controlling capability whereas the
devices like SCR, GTO, BJT, IGBT and MOSFET are unidirectional current

controlling devices.

PR RS

[+ 0 o

BJT JIFET SCR (Thyristor)
1 1 1
G
— o |— G
o 0 o
IGBT MOSFET GTOo Thyristor

Gate voltage

Ll
/ - o™ OFF | ON OFF O~
o

Switch Switch ON/OFF duty cycle

P time

Figure [5.3]: Power Electronics Devices

5.3 AC to DC Rectifier

The circuit diagram of the three-phase AC to DC rectifier showed. The power switch
usually used in the rectifier is the silicon controlled rectifier. In WECS rectifier is
direct joined or connected with generator. The average DC output voltage of this

circuit is given by the following:
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Figure [5.4]: Three-Phase Full Bridge AC to DC
Vbc=3 (&) * VL * cosa
n

Where,
VL= line-to-line voltage on three-phase AC side of the rectifier

a= angle of firing delay in the switching.

5.4 Boost Converter

DC-DC Converter is a device that accepts a DC input voltage and generates a desired
DC output voltage. The output obtained is at a different voltage level than the input.
There are three types of DC-DC converters that are a buck, boost, and buck-boost
Converter and here in this Boost converter is used to step up the output. Also, DC-DC
converters are used to provide noise isolation and power bus regulation.

In general, the transformer is used to step up the voltage, but there are some losses in
the transformer. To overcome these problems DC-DC converter is used to get the
desired output. It consists of an inductor, capacitor diode, and an IGBT as a high-
frequency switch. Due to this type of arrangement power supply to the load at a

greater voltage. According to the duty cycle of the switch the output voltage change.
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5.4.1 Modes of Operation

There are two operating modes for the DC-DC converter, and the mode of operation
depends on the short-circuiting and opening of the high-frequency switch. When the
switch is closed, the inductor will charge. This is mode-1 operation and is known as a
charging mode similarly, in the second mode, the switch is open and the inductor start
discharging which is known as the discharging mode.

5.4.1.1 First Mode Operation

Figure [5.6]: First Mode of Operation of Boost Converter

In the first mode, the IGBT is closed and the inductor starts charging due to the
supply trough the switch. The diode used in this circuit to restricts the current flow to

the load and the output voltage rises by the discharging of the capacitor.
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5.4.1.2 Second Mode Operation
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Figure [5.7]: Second Mode of Operation

In the second method of operation, the IGBT is utilized as a high-frequency switch is
open so the diode turns out to be short circuits. From the first method, there is some
energy kept in the inductor now that is discharged via the capacitor. The load current

variation is assumed constant throughout the operation because it is very small in

many cases.
5.4.2 Waveforms
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Figure [5.8]: Waveform of Boost Converter

36



5.5 Multi-Level Inverter

MLI have attracted many utilities and power industries because of their use and
advantages. It is well suited for reactive power compensation. It can work with high
voltage and high power application with the use of IGBTs. It produce voltage
waveform in shape of staircase. Level of voltage is dependent on the number of DC
voltage sources are used. Harmonic content present in the voltage waveform
decreases with the increase in DC voltage sources [39]. The upcoming topologies of
MLI must have these things which are given below:

a) Less switching devices as much as possible.
b) Lower switching frequency.

c) Capable to withstand with very high power and voltage application.

5.5.1 Types of MLI

1) Diode-clamped MLI (DCMLI)
2) Flying-capacitor MLI (FCMLI)
3) Cascade MLI (CMLI)

5.5.1.1 Diode-clamped MLI (DCMLI) - In 1981 neutral point DCMLI is proposed
by Nabae, Takahashi and Akagi. It was a three level inverter. Then in 1990s, four,
five and six-level DCMLI have been proposed by many researchers. From past some
decades, they have been used for connection of high voltage system, reactive power
compensation, controlling of frequency and variable speed motor drives. The name of
this MLI is given as DCMLI because diode is used to clamping the voltage [36].
Three level DCMLI is shown below:
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Fig. [5.9]: Single leg 3-Level DCMLI connected with R load.

An m-level DCMLI has (m-1) DC voltage sources on DC bus, (m-1) (m-2) clamping
diodes and 2(m-1) switching devices. Above figure is of three-level DCMLI which
has two DC sources having capacity of Vac/2. At any particular time, two switches
will be on [36].

Advantages:

1) Harmonic content is decreased with the increase in voltage level which
reduces the need of filters.

2) All IGBTs switched on at fundamental frequency due to this efficiency of
inverter is increased.

3) Simple controlling method.

4) Since DCMLI has common DC link due to this, it reduces the capacitance
requirements.

5) Before using capacitor can be charged and then use.
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Disadvantages:

1) Requirement of clamping diode is higher when number of level is increases.
2) Control of real power is difficult for a single inverter because without

monitoring and control DC level gets discharge and overcharge.

5.5.1.2 Flying-capacitor MLI (FCMLI) — In 1992 flying capacitor based MLI is
proposed by Foch and Meynard. Design structure of FCMLI is same as the DCMLI
but it uses capacitor instead of diode. DC side capacitors are arranged in ladder
structure in this topology with different voltages as sown in fig.4.2. Level of the
voltage is dependent upon the number of capacitors used. One increment in level is
determined by the voltage increment in two adjacent capacitors. One main advantages
of this MLI that for inner voltage level it has redundancies. It means there may be
another combination of switches and capacitors for getting the same level of output
voltage [37-39]. FCMLI has more redundancies in comparison to the DCMLI. These
redundancies helps to reduce the overcharging and discharging of particular capacitor.
Because of this it helps to maintain appropriate voltage level across capacitors and
further gives the quality to control real power. An m-level FCMLI needs (m-1)*(m-

2)/2 dc link capacitors per phase [36].
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Fig. [5.10]: Single leg 3-Level FCMLI connected with R load
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Advantages:

1) Voltage levels across each capacitors is maintained due to phase redundancies.

2) Controlling of active and reactive power is possible.

3) FCMLI gives capabilities to inverter, to ride through voltage sag and outages
of short duration due to large number of capacitors.

4) Like DCMLLI it helps to reduce the need of filters to increase the level of

output voltages.

Disadvantages:

1) Requirement of capacitors are increased with the increase in level of output
voltages.

2) For high power applications, switching frequency and losses will be high.

3) Controlling of inverters becomes complex.

4) Due to large number of capacitors FCMLI is more expensive and bulky in
comparison to DCMLI.

5.5.1.3 Cascade MLI — Cascade MLI contains single phase full bridge inverter which
is also known as H-bridge inverter. Single H-bridge has only three-level of output
voltage from peak to peak. Number of H-bridge increase with the increase in level of
output voltage and they are connected in series. Every H-bridge contains one separate
DC sources (SDCS) which can be taken from fuel cell, solar cell or batteries [36]. The
ac terminal of each H-bridge is connected in series. Cascade H-bridge does not
require any clamping diodes for clamping or capacitors for voltage balancing. An m-
level of cascade MLI is shown below, which has (m-1) SDCS and H-bridge. It also

can be used for reactive power compensation [37-39].
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Fig. [5.11]: M-level cascade MLI

Advantages:

1) Level of output voltage is twice the number of SDCS (m=2Ns+1, where Ns is
the number of bridges).

2) Itis cheaply and less complex in comparison to DCMLI and FCMLI.

3) To reduce the switching losses and stresses on device, soft switching can be

done.

Disadvantages:

1) For active power conversion, SDCS is required.
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5.6 Grid Connection of PMSG

For connection of PMSG with grid has four topologies [31]. First one is back to back
converter topology which is studied commonly, shown in Fig. 5.12. In this topology
rectifier is connected at generator side and inverter is connected at grid side, both are

controlled. DC link between the inverter and rectifier helps to stabilise the DC

voltage.
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Figure [5.12]: Back to Back Converter

Second topology with uncontrolled rectifier is shown in Fig.5.13. Using a buck-boost

converter and three phase inverter.
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Figure [5.13]: Intermediate Buck-Boost Converter
Third topology with uncontrolled rectifier is shown in Fig.5.14. Using a Boost
converter and three phase controlled inverter. In second and third topology has only

difference in DC-DC converter.
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Figure [5.14]: Intermediate Boost Converter

Fourth topology is using bi-directional matrix converter that convert direct AC-AC,

which is shown in Fig 5.15.

..................................................

Figure [5.15]: Matrix Converter
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CHAPTER-6

PROPOSED MAXIMUM POWER POINT TRACKING AND
CONTROL STRATEGY

Mostly maximum power point tracking system is used in PV system. It is uses in
WIND for tracking the wind. In this thesis back to back converter topology is used.
As discussed in chapter 4, the back to back converter topology has uncontrolled
rectifier, DC-DC converter and inverter (DC-DC to converter) has high reliability.
Using intermediate boost converter topology is possible to introduce the Incremental
Conductance algorithm in WECS.

6.1 Incremental conductance technique

The perturb and observe method has limitation to track the peak power under fast
varying wind speed condition. This problem is overcome by Incremental Conductance
(IC) technique [32, 33]. The IC method stops perturbation at operating point when
MPPT has reached the Maximum Power Point. Perturbation can be calculated using
dl/dV and —1/VV when above condition is not fulfilled [21]. This relationship is came
from the fact that, when MPPT will be right to the MPP then dP/dV will be negative
conversely it will be positive when MPPT will be left to the MPP. The IC technique
has benefits over P&O because it has disadvantage that, it oscillates across MPP.
Also, the variation in wind speed can be tracked quickly by IC with higher accuracy
than P&O but it increases the complexity as compare to P&O [32, 34].

P=V/*|

Differentiating with respect to voltage gives;

dP  d(V =)
v~ av

dP dv
wﬂ”*(w)

dP dv dl
ﬁﬂ*(w)”*(ﬁ)

ap . ..
If o= 0 , maximum power point is reached

44



If Z—i > 0, maximum power is left side of the point
If Z—i < 0, maximum power is right side of the point

If Z—i # 0, maximum power point is not reached suitable control action will be taken
dal
Vs (S) =0

(dl ) 1
av) v
From above equation £ shows the instantaneous conductance. 5—; is the change in

instantaneous conductance. Since duty ratio defines ON and OFF of switch therefore,
conductance of the circuit changes with the change of duty ratio of dc-dc boost
converter. Optimal duty ratio is obtained, when negative instantaneous conductance
will be equal to change in instantaneous conductance and at that instant power is
maximum extracted from wind. Duty ratio is increased or decreased depends upon the

change in sign of 3—5 . Kept duty ratio constant at constant wind speed.

6.2 Flowchart of Incremental Conductance Method
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Figure [6.1]: Flowchart of the Incremental conductance algorithm



Decision making procedure in Incremental Conductance algorithm shown in above
flowchart. First, voltage and current is measured V(K) and I(k), and dV(k) and di(k)
means it compares voltage and current instant with previous instant. After that

checki