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ABSTRACT

This project presents the design and implementation of a power converter for an autonomous
wind induction generator (IG) feeding an isolated load through the PWM-based novel soft-
switching interleaved boost converter. The output voltage and frequency of the wind IG is
inherently variable due to random fluctuation of wind-speed variation. The interleaved boost
converter composed of two shunted elementary boost conversion units and an auxiliary inductor.
This converter is able to turn on both the active power switches at zero voltage to reduce their
switching losses and evidently raise the conversion efficiency. Since the two parallel-operated
elementary boost units are identical, operation analysis and design for the converter module
becomes quite simple. A three-phase induction machine model and a three-phase rectifier-
inverter model based on a-b-c reference frame are used to simulate the performance of the
generation system. It can be concluded from the simulated results that the designed power
converters with adequate control scheme can effectively improve the performance of output

voltage and frequency of the IG feeding an isolated load.
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CHAPTER 1
OVERVIEW OF WINDMILL POWER GENERATION

1.1 INTRODUCTION

Electric power has emerged as one of the most important elements in our daily
livelihood in recent years. Power interruption leading to various outcomes has been
experienced and is proven to be a threat to power consumers especially in larger industries.
Renewable Energy Sources are those energy sources which are not destroyed when their
energy is harnessed. The developing countries of the world, especially the ones that are
resource-poor and population-rich, are confronted with a multitude of complex problems
involving population growth, economics, energy, and development Unfortunately, all these
problems are closely interrelated and they have been seriously aggravated by the
unprecedented increases in the oil prices of the recent past. All reasonable solutions to
alleviate these problems involve sharp increases both in the amount of energy consumed and
in the efficiency of their use. Human use of renewable energy requires technologies that
harness natural phenomena, such as sunlight, wind, waves, water flow, and biological
processes such as anaerobic digestion, biological hydrogen production and geothermal heat.
Amongst the above mentioned sources of energy there has been a lot of development in the
technology for harnessing energy from the wind. Wind is the motion of air masses produced
by the irregular heating of the earth’s surface by sun. These differences consequently create
forces that push air masses around for balancing the global temperature or, on a much smaller

scale, the temperature between land and sea or between mountains.

1.2 PROBLEM IDENTIFICATION

In the decades to come, developing countries will certainly need more commercial
fuels and will have to explore and develop all of their conventional resources to meet their
growing demands from urban and suburban areas and from their industnal sectors.
Renewable energy systems appear to be viable in locations where electrical grid supply has
not yet reached, where commercial fuels are scarce due either to their cost or unavailability or
both, and where even small amounts of energy can make a considerable impact on the living
environment of local people. Introduction of renewable energy systems in rural areas must be
preceded by a careful study of the technical, economic, and socioeconomic aspects of the

region involved. Integrated systems can take advantage of the inherent diversity among the

1



different manifestations of solar energy, decouple the input and the output energy rates, and
satisfy the various energy needs as and when they occur and in the form required. This
project is concerned with the role of renewable energy sources. The renewable energy
sources that are not very site-specific and are most prevalent in the rural areas of developing
countries are solar radiation and solar heat, wind energy, falling water, and biomass (wood,

agricultural wastes, human, and animal wastes).

1.3 WIND AS RENEWABLE ENERGY

The development of wind power in India began in the 1990s, and has significantly
increased in the last few years. Although a relative newcomer to the wind industry compared
with Denmark or the US, India has the fifth largest installed wind power capacity in the
world. In 2009-10 India's growth rate is highest among the other top four countries.

Renewable sources often produce power and voltage varying with natural conditions
and must be connected into the utility to be efficiently exploited. Power electronic converters
are usually required for the utility interface. New technologies, materials and techniques are
applied in wind power generator. Accordingly, direct-drive wind power generator system is
brought forward, in which no gearbox is needed. So the oil-leak problem is avoided and no
noisy eliminator need to be installed. These advantages can also reduce the insurance cost,
lengthen the longevity of the generator and decrease the cost of operation and maintenance.
Direct-drive variable speed constant frequency (VSCF) wind power generator sysiem is a
ideal topology. It can enable the wind turbine to run in a very wide speed range and it also
leaves out the gearbox, which is used to make the rotational speed higher. The result is that
the efficiency and the reliability are improved. At the same time, the maintenance cost and

the direct cost are also reduced.

1.3.1 Role of Boost Circuit in Wind Power Generation

Boost converters are popularly employed in equipments for different applications. For
high-power-tfactor requirements, boost converters are the most popular candidates, especially
for applications with dc bus voltage much higher than line input. Boost converters are usually
applied as preregulators or even integrated with the latter-stage circuits or rectifiers into
single-stage circuits. Most renewable power sources, such as photovoltaic power systems and
fuel cells, have quite low-voltage output and require series connection or a voltage booster to

provide enough voltage output.



Boost converters are widely used as power-factor-corrected pre-regulators. In high
power applications, interleaved operation (the parallel connection of switching converters) of
two or more boost converters has been proposed to increase the output power and to reduce
the output ripple. This technique consists of a phase shifting of the control signals of several
cells in parallel operating at the same switching frequency. As a result, the input and output
current waveforms exhibit lower ripple amplitude and smaller harmonics content than in
synchronous operation modes. The resulting cancellation of low-frequency harmonics
allows the reduction of size and losses of the filtering stages. However, hard switched PWM
converters have low conduction losses and high switching losses. The switching losses of the

boost switches create a significant amount of power dissipation in high power application.

1.4 SELF-EXCITED INDUCTION GENERATOR

The characteristics of a self-excited induction generator (SEIG) with an externally
connected capacitor bank have been extensively explored for over 75 years since 1935. The
primary merits of a SEIG over a conventional synchronous generator are brushless
construction with squirrel-cage rotor, small size, without DC supply for excitation, less
maintenance cost, and better transient performance. The SEIGs have been extensively
utilized as suitable isolated power sources in small hydroelectric, tidal, and wind energy

applications at the remote sites, rural areas, or developing countries.

1.5 EXISTING SCHEMES

The control schemes proposed so far divides into three categories. The most economic
method is by means of switching series and/or paralle! capacitors connected to the SEIG
stator winding or load side for voltage regulation. The primary disadvantage of this scheme is
that the equivalent capacitance is changed in discrete form and the voltage cannot be
effectively and linearly regulated. Though the voltage magnitude is controlled to a certain
constant level, the output frequency of the controlled SEIG is significantly varied with the
rotor speed. The second method is to modulate the absorbed reactive power of the studied
SEIG whose stator windings is directly connected to the load and the reactive power
compensator. Although the terminal voltage of the stator winding can be effectively
controlled, the frequency variation problem due to random fluctuation of rotor speed is
similar to the one of the first method. The third method is the most effective control scheme,

which can control both voltage and frequency of the studied SEIG within a specified level by



using power electronic converters such as a rectifier-inverter module (AC-t0-DC and DC-to-
AC converters). The employed rectifier can be either a controlled converter or an
uncontrolled diode bridge rectifier. A SEIG fed to a local three-phase load through a diode
bridge and a PWM inverter with a open/closed loop PWM signal controller was presented.

A SEIG fed to an isolated load through the employment of a PWM based open loop
controlled inverter is presented. The simulated performance of the proposed control scheme
is employed to design a PI controller (to generate PWM signal) for the inverter. The
implementation and design of a power converter for an autonomous wind self-excited
induction generator (SEIG) feeding an isolated load through the PWM-based rectifier-

inverter circuit is simulated here.

1.6 OBJECTIVE OF THE PROJECT

In this project, the wind energy conversion system is proposed and deeply discussed
which has many promotions compared with traditional AC-DC-AC converter. It has
synchronous generator, multiple boost converter and dual three-phase PWM inverter, all the
devices are designed to limit harmonic and high purity sinewave current to the network. The
direct drive and robust low speed rotor design system results in minimum wear, reduces noise
levels, improves efficiency, reduced maintenance requirements, lower life cycle costs, and a
long life time.

Wind energy is not a constant source of energy. It varies continuously and gives
energy in sudden bursts. Wind strengths vary and thus cannot guarantee continuous power.
The design and implementation of a power converter for an autonomous three phase wind
induction generator (IG) feeding an isolated load through the PWM-based rectifier-inverter
circuit is designed here. A three-phase constant-voltage constant-frequency voltage source is
required to supply an isolated load via a designed power converter with pulse width
modulation (PWM). The utilizes a three-phase asynchronous machine model and a three-
phase rectifier-inverter mode! based on a-b-c reference frame to simulate the performance of
the studied generation system. The IG design is made with the calculated value of resistance,
flux linkage of the stator and rotor windings and with the torque equation and the no. of
poles. The terminal voltage of the SEIG model for rotor speed about 1500rpm is tested and
found varying from 320V to 325V. The power converter converts the three phase AC to DC
and then the filter circuit is used for obtaining smooth DC voltage across it. The inverter is

designed with PWM technique to maintain the voltage and frequency constant to feed the AC



foad. PWD signal is generated in open loop with PI controller. Thus the inverter part 1s made
to operate as an open loop circuit. The voltage and the frequency at the output terminal are

stabilized.

1.7 ORGANISATION OF THE REPORT

This report presents an Interleaved Boost Converter as a DC — DC converter with
active power filter function .Chapter 1 gives an overview of scope of wind power generation
and the importance of boost circuit in renewable energy power resource with its advantages
and features. Chapter 2 deals the windmill power generation system and the existing method
with its MATLAB Simulation model. Chapter 3 describes the proposed design and analysis
of IBC system along with the control strategies of PWM pulses for the Boost Converter
switches. The MATLAB Simulation model of the IBC system is also obtained. Chapter 4
deals with the proposed model of IBC with wind power gerneration system. It is discussed
theoretically and with the MATLAB Simulation of the proposed system with the output
waveforms. Chapter 5 deals with the hardware modelling of the proposed system, results of
hardware testing and the process coding of the PIC controller. Chapter 6 winds up the report

with the conclusion and future scope of the project.



CHAPTER 2
WIND MILL POWER GENERATION

2.1 WIND ENERGY

With the lack of energy resource, wind energy generating systems have gained
tremendous attention and developed rapidly in recent years. About 50% of the entire energy
is given out in just 15% of the operating time. Wind strengths vary and thus cannot guarantee
continuous power. It is best used in the context of a system that has significant reserve
" capacity such as hydro, or reserve load, or a desalination plant, to mitigate the economic
effects of resource variability. It has been demonstrated to be both technically and
economically viable. It is expected that current developments in gearless, variable speed
generators with power electronics grid interface will lead to a new generation of quiet,
efficient, economical wind turbines. For best aerodynamic efficiency, the shaft speed should

be varied in proportion to wind speed.

2.2 WIND TURBINES

A wind turbine is a rotating machine which converts the kinetic energy in wind into
mechanical energy. If the mechanical energy is then converted to electricity, the machine is
called a wind generator, wind turbine, wind power unit (WPU), wind energy converter
(WEC), or aero-generator. Wind turbines can be separated into two types based by the axis in
which the turbine rotates. Turbines that rotate around a horizontal axis are more common.

Vertical-axis turbines are less frequently used.
2.2.1 Horizontal Axis Wind Turbines

Horizontal-axis wind turbines (HAWT) have the mam rotor shaft and electrical
generator at the top of a tower, and must be pointed into the wind. Most have a gearbox,
which turns the slow rotation of the blades into a quicker rotation that is more suitable to

drive an electrical generator.

Since a tower produces turbulence behind it, the turbine is usually pointed upwind of
the tower. Turbine blades are made stiff to prevent the blades from being pushed into the
tower by high winds. Additionally, the blades are placed a considerable distance in front of

the tower and are sometimes tilted up a small amount.



Downwind machines have been built, despite the problem of turbulence, because they
don't need an additional mechanism for keeping them in line with the wind, and because in
high winds the blades can be allowed to bend which reduces their swept area and thus their
wind resistance. Since cyclic (that is repetitive) turbulence may lead to fatigue failures most

HAWTs are upwind machines.

Figure 2.1 Horizontal axis wind turbine
2.2.2 Vertical axis Wind Turbines

Vertical-axis wind turbines (VAWT) have the main rotor shaft arranged vertically.
Key advantages of this arrangement are that the turbine does not need to be pointed into the
wind to be effective. This is an advantage on sites where the wind direction is highty variable.

VAWTs can utilize winds from varying directions.

Figure 2.2 Vertical axis wind turbine



With a vertical axis, the generator and gearbox can be placed near the ground, so the
tower doesn't need to support it, and it is more accessible for maintenance. Drawbacks are
that some designs produce pulsating torque. Drag may be created when the blade rotates nto

the wind.

The following figure 2.3 deals with the parts of a wind turbine

Yoy dnive 2

Faw motar

Figure 2.3 Parts of a Wind turb.ine
2.3 WIND TURBINE GLOSSARY

Anemometer: Measures the wind speed and transmits wind speed data to the controller.

Blades: Most turbines have either two or three blades. Wind blowing over the blades causes

the blades to "lift" and rotate.

Brake: A disc brake which can be applied mechanically, electrically, or hydraulically to stop

the rotor in emergencies.

Controller: The controller starts up the machine at wind speeds of about 8 to 16 miles per
hour (mph) and shuts off the machine at about 65 mph. Turbines cannot operate at wind

speeds above about 65 mph because their generators could overheat.

Gear box: Gears connect the low-speed shaft to the high-speed shaft and increase the
rotational speeds from about 30 to 60 rotations per minute (rpm) to about 1200 to 1500 rpm,

the rotational speed required by most generators to produce electricity. The gear box is a



costly (and heavy) part of the wind turbine and engineers are exploring "direct-drive”

generators that operate at lower rotational speeds and don't need gear boxes.

Generator: Usually an off-the-shelf induction generator that produces 60-cycle AC

electricity.

High-speed shaft: Drives the generator. Low-speed shaft: The rotor turns the Jow-speed

shaft at about 30 to 60 rotations per minute.

Nacelle: The rotor attaches to the nacelle, which sits atop the tower and includes the gear
box, low- and high-speed shafts, generator, controller, and brake. A cover protects the
components inside the nacelle. Some nacelles are large enough for a technician to stand

inside while working.

Pitch: Blades are turned, or pitched, out of the wind to keep the rotor from turning in winds

that are too high or too low to produce electricity.
Rotor: The blades and the hub together are called the rotor.

Tower: Towers are made from tubular steel (shown here) or steel lattice. Because wind speed
increases with height, taller towers enable turbines to capture more energy and generate more

electricity.

Wind direction: This is an "upwind” turbine, so-called because it operates facing into the

wind. Other turbines are designed to run "downwind", facing away from the wind.

Wind vane: Measures wind direction and communicates with the yaw drive to orient the

turbine properly with respect to the wind.

Yaw drive: Upwind turbines face into the wind; the yaw drive is used to keep the rotor
facing into the wind as the wind direction changes. Downwind turbines don't require a yaw

drive, the wind blows the rotor downwind.

Yaw motor: Powers the yaw drive.
2.4 EXISTING SYSTEM

The complete configuration of the existing wind power generation system using a
SEIG is shown in Figure. 2.4. The stator winding terminals of the studied SEIG are connected

to the load through the rectifier, DC link, and a controlled PWM inverter. The open loop

9



PWM signal generates proper PWM signals to switch, 6 IGBT’s of the inverter. The wind
turbine rotates the 1G. The IG generates power when the speed of the turbine is above the
rated speed. The power generated from the IG is converted to DC with a diode bridge
rectifier. The obtained DC voltage will not be in a pure DC signal. A LC filter is used to filter
out the ripple current and a pure DC voltage is obtained. This DC voltage is then converted to
three phase AC signal with IGBT. To regulate the AC output voltage the IGBT’s are
controlled by PWM signals. A load is connected at the output of the inverter.

Convert Inverter |,
* CE 4< c% |z
d?l_ i
VAN
PWM Driver
/N
PWM
Voltage, Current
! ! A/ K : > Computer
Speed detector — D

TMS320F240

Figure. 2.4 Hardware Block Diagram

2.4.1 Design of SEIG System

The voltage-current equations of the studied SEIG in matrix form are listed as below.

Vsiahet = Rgtabedsiabey T p?\'s(ahc)
Lt — R’ +t '
Y riaba) = R riabesd plaber + PA' r{abe)

Where Rs(abc) and R'r(abe) are respectively the resistance matrices of the stator and rotor
windings and As(abc) and A'r(abe) are respectively the flux-linkage matrices of the stator and

rotor windings [15].

Figure 2.5 shows the three-phase equivalent circuit model for the studied SEIG
system represented in stator and rotor parameters. The employed differential equations of the
studied SEIG system from excitation capacitors, bridge rectifier, DC link, and inverter are
extensively derived in detail. The mechanical torque equations of the studied SEIG are given

The mechanical torque equations of the studied SEIG are given as below.

2HP(UJ1\) =Tn-T.
PO, =

10



Where H is the inertia, Tm is the input mechanical torque,
The electrical torque, Te can be expressed by

N a y
T, = (7!)][ S!'lbc}] 89, [L.sr][]nnhcn]

Where Np is the number of pole of the studied SEIG.

>

,i\\vm

i
¢ stator

Figure 2.5 Three phase equivalent circuit of SEIG system

The power extracted from the wind can be calculated by the given formula:
Pw=0.5pnR* VW' Cp(1,8)
P,, = extracted power from the wind,
p = air density, (approximately 1.2 kg/m’ at 20°C at sea level)
R = blade radius (in m), (it varies between 40-60 m)
V= wind velocity (m/s) (velocity can be controlled between 3 to 30 m/s)
C, = the power coefficient which is a function of both tip speed ratio (%), and blade pitch
angle, (B)(deg.)

Power coefficient (Cp) is defined as the ratio of the output power produced to the
power available in the wind. No wind turbine could convert more than 59.3% of the kinetic
energy of the wind into mechanical energy turning a rotor. This 1s known as the Betz Limit,
and is the theoretical maximum coefficient of power for any wind turbine. The maximum
value of Cp according to Betz limit is 59.3%. For good turbines it is in the range of 35-45%.

The tip speed ratio (X) for wind turbines is the ratio between the rotational speed of
the tip of a blade and the actual velocity of the wind. High efficiency 3-blade-turbines have
tip speed ratios of 6-7. For a giving wind turbine, as the two parameters p and A are
constants, the value of the output power depends on the performance coefficient Cp and the

wind speed. To maximize this output power, and as the wind speed 1s varying from time to

1]



time, the performance coefficient must be maximized. Therefore, it must be controlled. Its

expression is

cp(}\.ﬁ):cl.‘f—?—cs.ﬁ— c, )explf A}+C6.},

2.4,2 Mathematical model

The per-phase equivalent circuit of a three-phase short-shunt induction generator with
its excitation capacitors and an R-L load is shown in Figure 2.6, where R1, X1, R2, X2, Re

and Xm represent the stator resistance, stator leakage reactance, rotor resistance, rotor

c C.
|
I

. |
R T
Prime . Prime L . .
mover F, —I—(‘., Y toad mover o Gy mb K Load

———

—]

|

b
p-

Figure 2.6 Per-phase equivalent circuit of a three-phase short-shunt induction generator

leakage reactance, core loss resistance and magnetising reactance, respectively. F and v
represent the per unit (pu) frequency and speed, respectively. The reactance of the series and
shunt capacitors is represented by Xse and Xsh, respectively. The load impedance is

represented by Z1/u Y% (RL b jXL). The pu frequency F and the pu speed v are defined as

JK’
N,

F:’/f and w =
A

Here, f and N are the actual operating frequency (Hz)} and rotor speed (rpm), respectively, of
the generator, and fb and Ns are the base or rated frequency (Hz) and the corresponding
synchronous speed (rpm), respectively, of the machine. When the generator operates at a
frequency other than the base frequency, all reactances (inductive and capacitive) are to be

adjusted accordingly. In a generic way, the inductive reactances are to be muitiplied by the pu
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frequency F and the capacitive reactances are to be divided by F. The circuit shown in Figure
2.6 represents a generic equivalent circuit of the generator where all parameters (resistances
and reactances) and voltages are divided by the pu frequency F, whereas the currents remain
the same. The above circuit is used in for both fixed and variable speed operations of the
generator. All parameters of the generator, except the magnetising reactance, are considered
as constant. The variation of magnetising reactance Xm is the main factor in the process of
the voltage build-up and stabilisation of the operating point of an SEIG. The value of Xm
depends on magnetic saturation or air-gap flux, which in turn depends on the ratio of the air-
gap voltage to frequency (Vg/F). The relationship between Vg/F and Xm can be established
from the synchronous speed test results. Mathematically, the above relationship can be
expressed in many ways such as a linear function, piecewise linear function, an exponential
function or a higher-order polynomial. In this study, Vg/F is expressed by the following third-
order polynomial of Xm

Ve >
w= ky + & X, + kX,

m

+ kX2

Induction generators are widely used in nonconventional power generation. Self-
excited, squirrel cage induction generators are ideally suited for remote, stand-alone
applications due to their robust construction. A new closed loop IGBT based PWM controller
is proposed for self-excited induction generator. The proposed controller regulates the
excitation current of the induction generator to regulate the generated three phase voltage.
The terminal voltage is regulated in spite of varying rotor speed and different load conditions.
The proposed scheme does not require any real time computation for generating reference
currents. This low cost high performance controller is suitable for constant voltage variable
frequency loads. The digital simulation results show satisfactory operation of induction

generator under proposed control scheme.

2.4.3 Simulation Model of Existing System

The designed system generates AC power with a asynchronous generator (215HP;
400V; 50Hz). The generated is rectified, filtered for a pure DC voltage. This DC signal
voltage is made as regulated AC three phase with IGBT’s. A PWM signal is generated to
regulate the AC voltage at the output. Thus a regulated Three Phase AC supply is transmitted
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to the Load. Figure 2.8 shows the simulation diagram of the existing wind power generation

system.
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Figure 2.7 Simulation Diagram of existing wind generation system

2.4.4 Drawbacks of Existing System

e Power rating of the wind generator should be high.

*  Wind speed required for required power generation is high.

» Gear mechanism between wind turbine and the generator is complex.

e Harmonic content in the power generated is high.

e Control of inverter part is bit complex as it needs to generate PWM signal with the

reference obtained from the AC. The AC voltage needs to be converted to DC for

setting reference voltage.



CHAPTER 3
INTERLEAVED BOOST CONVERTER
3.1 BOOST CIRCUIT

Boost converters are popularly employed in equipments for different applications. For
high-power-factor requirements, boost converters are the most popular candidates, especially
for applications with dc bus voltage much higher than line input. Boost converters are usually
applied as preregulators or even integrated with the latter-stage circuits or rectifiers into
single-stage circuits. Most renewable power sources, such as photovoltaic power systems and
fuel cells, have quite low-voltage output and require series connection or a voltage booster to

provide enough voltage output.

3.2 INTERLEAVED BOOST CIRCUIT

Converters with interleaved operation are fascinating techniques nowadays.
Interleaved boost converters are applied as power-factor-correction front ends. An interleaved
converter with a coupled winding is proposed to provide a lossless clamp. Additional active
switches are also appended to provide soft-switching characteristics. These converters are
able to provide higher output power and lower output ripple. This paper proposes a soft-
switching interteaved boost converter composed of two shunted elementary boost conversion
units and an auxiliary inductor. This converter is able to turn on both the active power
switches at zero voltage to reduce their switching losses and evidently raise the conversion
efficiency. Since the two parallel-operated boost units are identical, operation analysis and
design for the converter module becomes quite simple. In laboratory, a test circuit is built to
provide a 500 W power output. The experimental results show that this converter module
performs very well with the output efficiency as high as 95%.
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Figure 3.1 Interleaved Boost Converter
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There are several common techniques that have been used for dc/dc converter control,
such as voltage mode control, peak current mode control and average current mode current.
The current mode control is preferred because it can achieve a faster transient response when
a power demand is requested by the upper level command. To choose between peak current
mode control and average current mode control, average current mode is preferred with the
consideration of the normal operating mode of the converter. It is known that controlling the
inductor average current in current mode control regulates the output voltage of the converter.
In CCM mode, peak current mode control presents exact average inductor current due to the
continuity of the inductor current. While in DCM operation, the inductor average current
cannot be represented by the inductor peak current individually. Since the converter is
designed to work under CCM/DCM boundary condition only at full load, the dual loop
average current mode control is a better solution. In the dual loop structure, the outer loop is
voltage loop, which provides the current reference for the mner current loop. This control
requires the sampling of three variables: output voltage Vbus, inductor current L/ and /L2,
which are obtained through conventional Hall transducers.

There are in general two basic approaches in designing digital controller. The first 1s
to transform the controlled plant model to the discrete time domain and then use direct digital
control design method such as root locus to design the controller. The drawback of this
method is that it lacks of the common control concept such as crossover frequency and phase
margin that can be applied in the design stage. The second approach favoured by practicing
engineers is to design the controller in continuous time domain first so that enough
information about crossover frequency and phase margin are available, and then convert the
controller from continuous time domain to discrete time domain. To guarantee the stability of
the design, the zero-order-hold effect and the computational delay have to be included in the
controller design in the continuous time domain. In this paper the second approach is

Adopted to design the dual-loop regulator.

3.3 IBC OPERATION

Figure.3.2 shows the proposed soft-switching converter module. Inductor LI,
MOSFET active switch S1 and diode D1 comprise one step-up conversion unit, while the
components with subscript “2” form the other. Dsx and Csx are the intrinsic antiparallel

diode and output capacitance of MOSFET Sx, respectively. The voltage source Vin, via the
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two paralleled converters, replenishes output capacitor CO and the load. Inductor Ls is
shunted with the two active MOSFET switches to release the electric charge stored within the
output capacitor Cg prior to the turn-ON of Sy to fulfill zero-voltage turn- ON (ZVS), and
therefore, raises the converter efficiency. To simplify the analysis, L1, L2 and CO are
replaced by current and voltage sources, respectively, as shown in Figure 3.3. The proposed
circuit is focused on higher power demand applications. The inductors L1 and L2 are likely to
operate under continuous conduction mode (CCM); therefore, the peak inductor current can
be alleviated along with less conduction losses on active switches. Under CCM operation, the
inductances of L1 and L2 are related only to the current ripple specification. Inductance of L
is the one which dominates the output power range and ZVS operation.
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Figure 3.2 IBC simplified circuit

Before analysis on the circuit, the following assumptions are presumed.
s The output capacitor is large enough to reasonably neglect the output voltage ripple.
¢ The forward voltage drops on MOSFET and diodes and is neglected.
¢ Inductors and have large inductance, and their currents are identical constants, i.e.

e  Output capacitances of switches and have the same values, 1.e.
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Figure 3.3 IBC Study



The two active switches are operated with pulse width-modulation (PWM) control
signals. They are gated with identical frequencies and duty ratios. The rising edges of the two
gating signals are separated apart for half a switching cycle. The operation of the converter

can be divided into eight modes, and the equivalent circuits are illustrated in Figure 3.4

Iis

(a)y {Ly

e {d)

Figure 3.4 IBC Operation
e Mode I {tp <t<t;}

Prior to this mode(referring to Figure 3.4(a)), the gating signal for switch S, has
already transmitted to low state and the voltage Vg, rises to Vg at to . At the beginning of this
mode, current flowing through S» completely commutates to D supply the load. Current iy
returns from negative value toward zero; Iy, flows through Ls . Due to the zero voltage on
vpsi , the voltage across inductor Ly is V,, i.e., irs will decrease linearly at the rate of V,/L..
Meanwhile, the current flowing through S, ramps up linearly. As irs drops to zero, 1s) current
contains only Iy, while ip» equals I, Current ir; will reverse its direction and flow through S,
together with I, . As i, increases in negative direction, ipz consistently reduces to zero. At
this instant, ir equals -Ij,, diode D> tums OFF, and thus this mode comes to an end. Despite
the minor deviation of is; from zero and iy, from Iy, currents iiis),ip; and the duration of

this mode ty; can be approximated as

1
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where D is the effective duty ratioand w = 1 /\/ LsCs.

* Mode I {t; <t<t,}

With this mode (referring to Figure 3.4.(b)), diode D, stops conducting, capacitor Cs>
is not clamped at V anymore. The current flowing through Ls and i; continues increasing
and commences to discharge Csy. This mode will terminate as voltage across switch S;,vps,

drops to zero. Voltage vpsz and irs current can be equated as

’tF'DSQI:tj ] 1:, msfut‘,l
i) = =Vials sinfwe) — Iy
w
fo=—.
:3”.
e Mode III {t; <t<ts}
At t=t; (referring to Figure 3.4.(c)), voltage vps» decreases to zero. After this mstant
Ds,, the antiparallel diode of S, begins to conduct current. The negative directional inductor
current i freewheels through S; and Ds,, and holds at a magnitude that equals i, a little
higher than I;. During this mode, the voltage on switch S, is clamped to zero, and it is

adequate to gate S, at zero-voltage turn- ON

fos = (D@ﬁ - —i-) Te.

e Mode IV {t; <t<ts}

At t=t; (referring to Figure 3.4 (d)), the switch S, turns OFF. Current iy begins to
charge the capacitor Cg;. The charging current includes Iy, and is. Since the capacitor Cg;
retrieves a little electric charge, irs decreases a little and resonates toward - Ir2. In fact, ip; will
not equal - Ir> at t4 even with a slightly higher magnitude. However, by ignoring the little

discrepancy, the voltage on switch S; and current through Lg can be approximated as

] -
g IE) = (5-}.1 t J’ ) s wt)
w5

(= L —hawCs b 20 Joos(ut)

s LA, b 2 s
fs0= — - ' -

o
While the capacitor voltage vps: ramps to Vo, D) will be forward-biased, and thus this

mode will come to an end. Modes -1V describes the scenario of switch between OFF-state



proceeding to ZVS turn-ON. Operations from modes V-VIII are similar to the previous

modes but with the counterparts for switch, hence they are omitted here.

3.4 IBC CONTROL DESIGN

3.4.1 PI controller with current limiter

Figure 3.5 shows the control loop block diagram in continuous time domain. The
inner current loop controller has a transfer function of Hi(s), and the output loop controller
has a transfer function of Hv(s). A current limiter is added to the output of the voltage

compensation to prevent the gain from saturation.

Vi + K{wiﬂ} L* +
L@ Hy(s}ﬂ acH s L

T, L ge™

Limiter

Figure 3.5 Control Loop Block Diagram in Continuous time Domain
As there is no limiter directly applied to the output of the integrator, this controller
configuration can be viewed as the conventional one without anti wind-up scheme. The
continuous time domain input and output relationship of the compensator is

. osiwo+1
s(siw, +1)

Tis) = I(s)

Where, U(s) is the compensator output and /(s) is compensator input. By the Euler
transformation s = T/(z - 1), which is a common practice for conversion from continuous

time domain to discrete time domain, the following discrete time domain input and output

relationship of the compensator can be obtained
Uk + 1) = ALk + 4, L0k — 1) = BItk + 1)+~ B.XL)

where U(k) is compensator output at time 7 = 47, and /(k) is compensator input in the discrete

domain, the Constants Ay,A1,By,B) can be given as

1 . I+, I Ko, T Ko, T+@.7°
.__‘ N ] * = - y A
1,~(0;T

S = = -

1+0,T : w, 1+o T ' w, 107

3.5 SIMULATION DIAGRAM
The simulation block diagram of IBC is shown in Figure 3.5. IBC is parallel

combination of two boost circuit connection. The simulation is tested for different input
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voltage. Figure 3.6 shows the control part for the switches in IBC. The switching is controlled

by PWM signals with reference voltage set to 240V. Figure 3.7 shows the input and output

voltage level of IBC.
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CHAPTER 4

DESIGN OF BOOST CONVERTER IN WIND INDUCTION
GENERATOR

4.1 WIND INDUCTION GENERATOR

AC power generated by wind induction generator is rectified to DC power by 6-phase
diode rectifier circuit. Following the generator, constituted a 6-phase diode rectifier circuit,
filter, multiple boost converter and dual three-phase PWM inverter. The PWM converter used
as the inverter applies 6 IGBT bridge modules whose modulation signal is shifted 0.8 for

each phase in order to reduce harmonic distortion.

~Convert L Inverter

e TIIG * CdcT IBC -!< jl Load

Wind Turbine ‘ ﬁ f?
Ce_—_ T PWM
PWM Gating
Driver
DSPIC T

Figure 4.1 Block Diagram of wind power generator

Figure 4.1 shows the block diagram of the wind power generator system with boost
circuit. It has a Self Excited Induction Generator, which generates power based on the wind
speed, connected to diode rectifier. The Induction generator has excitation capacitor (Ce),
which supplies voltage to the rotor. The diode rectifier is connected to IBC and then to
inverter. The inverter voltage is given to the load.

The power generated by the wind induction generator will vary based on the wind
speed. The minimum wind speed requires for power generation is 8m/s. Greater the wind
speed higher the voltage generated by the WIG. The modified system mainly concentrated on
low wind speed power generation and to obtain the required voltage level. The generated
power for the current wind speed is rectified using diode rectifier. The rectified DC voltage is
filtered with LC circuit. The DC voltage at the rectifier is same as the power generated at the

WIG. When the wind speed decreased the power generated will also decrease. As a result the
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rectified voitage level will reduce. This reduced voltage level (Wind speed<8m/s) cannot
meet the required voltage at the load terminal. The project focus on boosting the voltage even
when the winds speed and the generated voltage is low. The boosting operation is made with
DC-DC Interleaved Boost Converter (IBC). IBC boost the voltage and regulates the voltage
at the desired level. The boost voltage is stabilized by using a closed loop PWM technique,
which gives the constant required DC level. The output of IBC is given to six pulse thyristor
inverter. The gating signal of the thyristor is fed from the constant open loop PWM signal
generator. The inverted three phase AC supply is given to the load. Thus the voitage is

regulated at the load terminal.

4.2 SELECTION OF BOOST POWER STAGE COMPONENTS

The interleaved boost converter design involves the selection of the inductors, the
input and output capacitors, the power switches and the output diodes. Both the inductors
and diodes should be identical in both channels of an interleaved design. In order to select
these components, it is necessary to know the duty cycle range and peak currents. Since the
output power is channeled through two power paths, a good starting point is to design the
power path components using half the output power. Basically, the design starts with a single
boost converter operating at half the power. However, a trade-off exists which will depend
on the goals of the design.

Knowing the maximﬁm and minimum input voltages, the output voltage, the voltage
drops across the output diode and switch, the maximum and minimum duty cycles are
calculated. Next, the average inductor current can be estimated from the load current and
duty cycle. Assuming the peak to peak inductor current ripple to be a certain percentage of
the average inductor current, the peak inductor current can be estimated. The inductor value
is then calculated using the ripple current, switching frequency, input voltage, and duty cycle
information. Finally, the boundary between CCM and DCM is determined which will
determine the minimum load current.

Once the inductor value has been chosen and the peak currents have been calculated,
the other components may be selected. Selection of the input and output capacitors differ

from a single phase design because of the reduced ripple and increased effective frequency.
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4.2.1 Inductor Selection

V., +V —V
D _ Jour d™ 7 IN(MIN)

max

Vour + ¥4 +Viom

_ VOUT +Vd'_VEV(W)

min

Vour +V4 + V(ON)

Where Vgyr is the output voltage, Vg is the forward voltage drop of the output diode, and
Viony is the on stage voltage of the switching MOSFET. Vmmmaxy is the maximum input
voltage, and Viyouny) is the minimum input voltage.

The average inductor current Ip(.g (maximum) per phase can be calculated knowing
the output current, Ioyt, remembering that the current per phase is one-half the total current.
This is the origin of the 0.5 term in the numerator below.

_05xd oy
Hew 1-D MAX

As a starting point assume the peak inductor current ripple per phase, Al to be a
certain percentage of the average inductor current calculated in equation. A good starting
value of Al is about 40% or the output current which is 20% of the individual phase current.
Inductor ripple will also determine the minimum output current for continuous mode
operation, so some iteration may be necessary in choosing this parameter. The peak inductor
current per phase is given by:

+NL

{ ppaxc= ]L{avg] >

Knowing the switching frequency, f; the required inductance value per phase can be
selected using:

(VIN(MIN) - I/(()N))XDMAX
Loy, = FxAd
K L

At the boundary between CCM and DCM modes of operation, the peak inductor
current per phase, Ipeak is the same as the peak to peak inductor current ripple per phase, AlL.
Therefore, the average inductor current at the boundary is given by

_ AI PEAK

Liervsy —critical) = 5

7
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From above equations:

— IOUT
PEAK 1 _ DMA}(
The critical value of the inductance per phase to maintain the converter in continuous
mode related to output current is given by,
[ = Viviaamy = Von XD pyux X = D)

{crit) f
x{
s OUT

Knowing the minimum load current in a particular design, L can be chosen.

Obviously, there are trade-offs between minimum load current, percent ripple, and inductor

size. Increasing the frequency helps in reducing inductor size.

4.2.2 Qutput Capacitor Selection

In a boost converter, the output capacitor must be chosen to withstand relatively high
ripple current compared to an equivalent power buck regulator. The high npple current flows
through the equivalent series resistance (ESR) of the capacitor. ESR increases the capacitor
temperature and increases ripple voltage. First calculate the worst case duty cycle for ripple
which is usually the maximum duty cycle (refer to Fig. 4.2 for this value). Then read the y
axis value or normalized rms ripple in the output capacitor from Figure 4.2 using the two

phase graph.

—— Single Phase

—— 2 Fhase

IRMS/lout

0 010203040506070809 1
Duty Cycle

Figure 4.2 Normalized Output Capacitor Ripple Current
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Then, multiply the output current by this number to get the actual RMS output
capacitor rippie. Using the actual ripple, the capacitor can be selected. The capacitor must be
chosen to withstand this RMS ripple current at extreme operating conditions. Frequently
several capacitors in parallel can be selected. Next using the equation to determine the
capacitance necessary to insure a given voltage ripple. In this case the ESR will be the
dominate term which will determine the capacitor’s value. Both conditions, RMS rating and
ESR value must be met. In the below equation, f; is doubie the frequency of an individual

phase, since both phases are combined at the output capacitor.

I x(1-D
_ Lourouan™( M‘”")umeSR

JxCour

It is interesting to observe from figure the reduction in RMS (and peak to peak) ripple

Avour

by using a two phase converter vs. a single phase solution. At 50% duty cycle, ripple is

nearly perfectly canceled, which occurs when Vi is twice Vour.

4.2.3 Input Capacitor Selection

Because an inductor is in series with the input supply in a boost converter, input
capacitor selection 1s less severe than the output capacitor. In a two-phase design, there is a
further reduction in input ripple due to ripple cancellation, allowing a smaller input capacitor
than in a single phase design. The input ripple can be read from the graph in Fig. 4.3. This

graph is normalized according to

] — Vl’ i

RIPPLE (Normalized) — I
-x\f-
A

where fs is the switching frequency per phase.
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Two Phase
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Figure 4.3 Normalized Input Capacitor Ripple Current
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This normalization keeps the y axis of the graph in reasonable limits and results in an
easier way to read graph. As in the output capacitor case, determine the worst case duty
cycle for a given design and read the normalized ripple current from the two-phase graph.
Then convert the normalized ripple current to actual ripple current by multiplying by the

normalization factor. Then size the input capacitor to handle this rms ripple value.

4.2.4 Power Switches Selection

Fach MOSFET should be selected based on several parameters. The drain-source
breakdown should be greater than the maximum input voltage plus some margin for ringing.
The Rpscony value will determine conduction losses and must low enough to keep junction
temperatures within specifications at the maximum drain current condition. Gate to source
and gate to drain changes will contribute to AC losses. The thermal resistance rating will
determine heatsink and airflow requirements. A more detailed calculation for the power

dissipated in each MOSFET is given by:

I

OUT (MAX )

2-(1-D)

0.5 -Vivonaxy “Lovr  Js U +1r)
1-D

2
Pyosrer =( J “Rpsiony D 1.3+ Vi, - Ce S+

The first term is the I’'R term. The 1-D term in the denominator relates the output current to
inductor current. The 2 in the denominator is necessary to get current per phase. The second
term is the AC gate charge loss term with depends on phase frequency and the third term

represents conduction switching loss.

4.2.5 Qutput Diode Selection

The output diode selection is based on voltage and current ratings, and reverse
recovery time. The voltage rating should be Vour plus some margin for ringing. Vg should
be as low as possible at the maximum output current specification to minimize conduction
losses. Reverse recovery time t, should be as low as possible to minimize switching losses.
Chose a Schottky rectifier if voltage ratings permit, otherwise an ultra-fast rectifier is

required.
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4.2.6 Compensation Components Selection

Compensation is similar to an equivalent power single phase boost regulator with the
same inductor value. There is a right-half-plane zero in the continuous conduction mode
which will influence loop bandwidth. A conservative approach is to insure the loop gain
crosses zero at lower than 1/4™ the switching (per phase) frequency. The frequency of the

right-half-plane zero is given by

2

- RLOAD '(I_D)2 — RLOAD 'Vm
2-T1-L 2-T-L-Vyy,

S riirz

4.3 SIMULATION DESCRIPTION

The project module is simulated using MATLARB 7.7.0(R2008b). The simulation is
executed under ode23tb (stiff TR-BDF2) state which is used to fasten the execution speed
and the Zero-crossing control i1s disabled. The solver method is set to fast. The voltage is
measured at different points in the simulation circuit. The system is tested with different load
and wind speed. The designed system generates AC power with asynchronous generator
(215HP; 400V, 50Hz). It utilizes a three-phase asynchronous machine mode] and a three-
phase rectifier-inverter model based on a-b-c reference frame to simulate the performance of
the generation system. The IG design is made with the calculated value of resistance, flux
linkage of the stator and rotor windings and with the torque equation and the number of
poles. The generated power is rectified. The generated power varies with the wind speed. The
power converter converts the three phase AC to DC and then the filter circuit is used for
obtaining smooth DC voltage across it. This DC voltage is then boosted with the interleaved
boost converter (IBC). Theoretically IBC can boost up to 200%. The DC voltage is fed to the
inverter before which it is regulated to desired voltage in a closed loop with PWM technique.
Thus the output at the IBC is always constant — rated voltage. This DC voltage is then
regulated AC three phase with IGBT’s. An IGBT inverter is designed with a open loop PWM
technique and feed the AC load. PWD signal is designed in close loop and open loop system
with PID and PI controller respectively. The PWM signal is generated to regulate the DC
voltage that in turn gives a fixed AC supply from the inverter. Thus a regulated Three Phase

AC supply 1s transmitted to the Load.
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Figure 4.4 shows the simulation circuit of the proposed system with boost circuit.
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Figure 4.4 Simulation Circuit of the proposed system
Figure 4.5 shows the wind induction generator model which operates on different

wind speed.
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Figure 4.5 Wind Induction Generator
The open loop PWM pulse generator is shown in Figure 4.6
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Figure 4.6 PWD signal for inverter
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The control circuit of the IBC is shown in Figure 4.7 The PWM signal for the IBC is
generated in this block. To reduce the ripple and noise in the inverted AC signal a 3-phase LC

circuit 1s used.
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240 PAWM Blagcl Ll HNOT
G2

Reference voltage

Figure 4.7 PWD Signal for IBC

4.4 RESULT DISCUSSIONS

The system is tested under different wind speed and different load conditions. The
result shown here is examined when the wind speed is 7m/s and the reference voltage is set at
220V. The Figure 4.8 shows the generated voltage when wind speed is 7m/s. The voltage
measured at this instant is 160V AC. Fig 4.9 shows the current wave form generated along

with the generated voltage.
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. Figure 4.9 input current 10A
Figure 4.8 Input voltage 160V AC

Fig 4.10 shows the rectified voltage which is measured at the output of the LC filter.
The rectified voltage is measured to be 160V DC. Fig 4.11 shows the IBC output which 1s
220V DC.
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Figure 4.12 and 4.13 shows the inverter output with and without IBC.

:?1 A A

O

L T 53 i 35 3 o7 as 5% [
T (34
Fig 4.12 Output Voltage with IBC 220V AC Fig 4.13 Quipwt Voltage without IBC 126V

Figure 4.14 shows the current waveform of 3A at the load terminal.

Current [A)

Figure 4.14 Output current 3A (1BC)
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Fig 4.15 and 4.16 shows the Total Harmonic Distortion (THD) waveform for input
and output voltage waveform. From the THD graph it is clear that the harmonics distortion is
reduced with IBC.

Fundamental (30Hz) = 321.7 , THD=1.41% Furdamental (50Hz) = 139.7 , THD= 3.04%
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Figure 4.15 THD for output Voltage 220V AC Figure 4.16 THD for input voltage 160V AC
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CHAPTER 5

HARDWARE MODEL OF THE PROPOSED SYSTEM
5.1 SCHEMATIC DIAGRAM OF PROPOSED SYSTEM

The block diagram of the proposed system is shown in figure 5.1. It has fixed AC
source input, a diode rectifier, IBC and inverter connected to the 3-phase load. The control

part of the circuit is design with PIC microcontroller.

Convert Ly Inverter

AC Source Step-down [ ——"T1 | IBC
Trarsformer * C‘“—I— .{< ﬂ Load
ﬁ GatingSignal l
P M Diver ry

DSPIC

F 9 Y

Figure 5.1 Block Diagram of Proposed System
5.2 BLOCK DIAGRAM DESCRIPTION

The entire system is divided into the following subsystems for the easiness of

understanding,

s  Power Supply Circuit.

s Interleaved Boost Converter.
e PIC 16f877A

e  Driver circuit

*  Optocoupler

The figure 5.2 shows the experimental setup used in this project. The ac supply 1s
converted to DC voltage with diode rectifier. The rectified voltage is boosted in IBC part and
it stabilized at 24V DC. The stabilization is made with the help of PWM signal generated by
the PIC16F877A microcontroller. The IBC voltage is maintained constant in close loop part
taking the reference voltage at the output of the output of the IBC. Driver circuits are

provided through ICs IRS 2110 for the rectifier. Optocouplers are provided between the
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power circuit and the signal level circuit for isolation. The switching pulses are generated by

the PIC using the SPWM technique.
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Figure 5.2 Schematic diagram of Proposed System
5.2.1 THE POWER SUPPLY UNIT

The AC voltage, typically 230V RMS, is connected to an transformer, which steps
that ac voltage down to the level of the desired AC output. A diode rectifier then provides a
full-wave rectified voltage that is initially filtered by a simple capacitor filter to produce a dc

voltage. This resuiting dc voltage usually has some ripple or ac voltage variation.

A regulator circuit removes the ripples and also remains the same dc value even if the
input dc voltage varies, or the load connected to the output dc voltage changes. This voltage
regulation is usually obtained using one of the popular voltage regulator IC units. The power

circuit diagram 1s shown in figure 5.3
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Figure 5.3 Power Supply Circuit
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5.2.2 PULSE GENERATING CIRCUIT

PIC16F877A microcontroller is used as the pulse generating circuit and Driver circuit
is used to remove the harmonics, buffer and filter the PWM signal. PIC16F877A is a 40 pin;
CMOS flash microcontroller with A/D controller.
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Figure 5.4 Pin configuration of PICI6F877A
High-Performance RISC CPU

. Only 35 single word instructions to learn
. All instructions are 1us (@4MHz) except for program branches which are 2 cycles
. Operating speed: DC - 20MHz clock input.

Peripheral Features

. Two 8-bit timer/counter (TMR0, TMR?2) with 8-bit programmable prescaler.
. 12.5 ns resolution for PWM mode.
. Two Capture/Compare PWM (CCP) Module.

. Brown-out detection circuitry for brown-out Reset (BOR).
Special Micro controller Features

. Power-On Reset
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. Power-up Timer (PWRT) and Oscillator Start-Up Timer (OST)

. Selectable osciliator options.

. Watchdog timer (WDT) with its own on-chip RC oscillator for reliable operation.
. Self-reprogrammable under software control.

. Power saving Sleep mode.

5.2.3 DRIVER CIRCUIT

The system uses two driver circuits. One for IBC gating signal and the other driver
circuit is for the inverter. The inverter requires 6-gatting pulse and that is driven PIC Port B.
The signal from port B is coupled with optocoupler, the reason behind is that optocoupler can
be used in high switching frequency compared to other electronic devices. The switching
frequency used here is 10KHz frequency. Fig 5.5 shows the driver circuit for the 3-phase
inverter. The diagram shown here represents the driver circuit for one switch. A similar
arrangement of driver is connected to port B of PIC microcontroller to drive other 5 switches

1n the inverter.

-12
RB1 330E ]-l

> ] 2

L
=  PCSI7
10K

Figure 5.5 Inverter driver circuit

Optocoupler

Optocoupler is also termed as optoisolator. Optoisolator a device which contains a
optical emitter, such as an LED, neon bulb, or incandescent bulb, and an optical receiving
element, such as a resistor that changes resistance with variations in light intensity, or a
transistor, diode, or other device that conducts differently when in the presence of light.

These devices are used to isolate the control voltage from the controlled circuit.
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. High Direct-Current Transfer Ratio
. Base Lead Provided for Conventional Transistor Biasing
. High-Voltage Electrical Isolation . . .

. 1.5-kV, or 3.55-kV Rating
. Plastic Dual-In-Line Package
. High-Speed Switching:

IBC Driver circuit

Figure 5.7 IBC Driver Circuit

The drniver circuit for IBC is shown in figure 5.6. the driver circuit consist of

MOSFET switched that drive the signal from PIC microcontroller to the IBC.
S5.3HARDWARE TESTING AND RESULTS

The fabricated hardware model is as shown in fig.5.7. The output waveforms of the
rectifier, boost and the inverter are shown in the figures 5.8, 5.9 and 5.10 respectively. An
average value of 11.7 V DC is obtained in the rectifier. The rectified DC is boosted in the
IBC and maintained at 24V DC. The controlled DC voltage is converted to three phase AC in

the inverter and connected to load.
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Figure 5.8 Hardware Photocopy

Figure 5.9 Rectifier Voltage
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Figure 5.1 IBC Voltage level

Figure 5.11 Inverter line-line Voltage CHAPTER 6




CONCLUSION AND FUTURESCOPE

Thus the designed and implemented power converter with Interleaved Boost Circuit
for an autonomous three phase wind self-excited induction generator (SEIG) feeding various
isolated loads is tested. From the above simulated results, it can concluded that, even at low
wind speed and low power generation the required voltage can be obtained at the output. The
main advantage of the system is that the minimum wind speed required for the power
generation can be reduced and generator power ratings can be reduced. The gear mechanism
between the turbine and the shaft can be reduced and the generator can be enabled to work in
wide speed range. The displayed output is taken when the wind speed 1s 7m/s. At this speed
the generator generates 160V AC and this voltage is boosted in the IBC to 220V DC which is
the required voltage level. Steady-state results under various loads show that the designed
control system for IG can maintain at desired levels. The simulated results of output voltage
validate the required performance of the proposed control scheme. Thus the voltage obtained
at the output is regulated with the IBC and inverter block.

Further to reduce harmonic current flowing from the SEIG, an adequate designed
filter for the studied system should be installed between the output of the SEIG and the bridge

rectifier.
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APPENDIX I

ARCHITECTURE OF PIC 16F877
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Pin Configuration Of PIC16F877A
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TIMER2 BLOCK DIAGRAM

Sers flag .
bit TMR2IF l TR 1

Reset

Postscaler

1:1 1o 9:%8

EQ

4

T20UTPS:

T20UTPSED

TMR2 reg

11, 14, 1h

Prescaler Fasci

Comparazor

FRZreg

}2

TRCKPE1:
T2CKPSD

CAPTURE MODE OPERATION BLOCK DIAGRAM

Prescaler
«1,418

RCZCCP
Pin

Set fag b COFPHF
ffﬁmep)

COMPARE MODE OPERATION BLOCK DIAGRAM

Specia: Event Trigger

Dd<tHa

RCHCCHM

Setflag bi CCP1IF
{PIR1=2>)

]
R

N Duéput

Logic

Bip
TRIEC<2>
Ourpuz Enabl

FEATURES OF PIC

DC - 200 ns instruction cycle

v V V ¥V ¥V V¥V VY

maich

le  CCPICOM<ED>
Wode Select

High-performance RISC CPU

Only 35 single word instructions to learn
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Operating speed: DC - 20 MHz clock input

Up to 368 x 8 bytes of Data Memory (RAM)
Up to 256 x 8 bytes of EEPROM data memory

CCPRIH|CCPRIL

Up to 8K x 14 words of Flash Program Memory,



¥V V V¥V ¥V ¥V V ¥V ¥V V ¥ VvV V V¥V VY Y ¥

Interrupt capability (up to 14 internal/external)
Eight level deep hardware stack
Direct, indirect, and relative addressing modes
Power-on Reset (POR)
Power-up Timer (PWRT) and Oscillator Start-up Timer (OST)
Watchdog Timer (WDT) with its own on-chip RC Oscillator for reliable operation
Programmable code-protection
Power saving SLEEP mode
Selectable oscillator options
In-Circuit Serial Programming (ICSP) via two pins
Only single 5V source needed for programming capability
In-Circuit Debugging via two pins
Wide operating voltage range: 2.5V to 5.5V
High Sink/Source Current: 25 mA
Commercial and Industrial temperature ranges
Low-power consumption:< 2 mA typical @ 5V, 4 MHz,20mA typical @ 3V, 32 kHz
< ImA typical standby current
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APPENDIX II

PIC PROGRAMMING
#include<pic.h>
__CONFIG(0X20E4);
__CONFIG(0X3FFF);

unsigned int REFFLINPUT1,REFF2,INPUT2;

unsigned char count;

delay(void);
delayl({void);

void main()

{

TRISC=0;
PORTC=0;

TRISA=0XFF;

ANSEL=0X0F;

ANSELH=0;

ADCON1=0X380;

PR2=99;

T2CON=0X04;

CCP1CON=0X0F;

CCPR1L=25;

CCP2CON=0X0C;
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CCPR2L=75;

while(1)
{

/****************** ADC SCAN **************k***/

ADCON0=0X81; //adc ANO
delay(};

GODONE=1;

while(GODONE);
REFF1=(ADRESH*256)+ADRESL.;

ADCONO0=0X89;  // adc AN1
delay();

GODONE-=I;

while(GODONE);
REFF2=(ADRESH*256)+ADRESL;

/****************** ADC SCAN END ********************,{

/****************** PWM LIMIT ********************/

if(CCPR1L<30)
CCPR1L=30;

if(CCPR1L>85)
CCPR1L=85;

iffCCPR2L<30)
CCPR2L=30;

if(CCPR2L>85)
CCPR2L=85;
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/************** OUTPUT REGULATION*****************‘{

delayl();
if(REFF1>600)
CCPRI1L--;
delay();
if(REFF1<600)
CCPRI1L++;
delayl();

delay1();
if(REFF2>600)
CCPR2L++;
delay();
if(REFF2<600)
CCPR2L-;
delayl();
PORTB=0x42;

while{TMR0<4);
PORTB=0x52;
while(TMR0<22);

PORTB=0x50;
while(TMR0<26);
PORTB=0x30;
while(TMR0<30);

PORTB=0x38;
while(TMR0<48);
PORTB=0x28;
while(TMR0<52);
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PORTB=0x0C;
while(TMR0<56);
PORTB=0x0E;
while(TMR0<74);

PORTEB=0x06;
while(TMR0<78);
TMRO0=0;

PORTB=0x42;
while(TMR0<8);
PORTB=0x52;
while(TMR0<44);

PORTEB=0x50;
while(TMR0<52);
PORTB=0x30;
while(TMR0<60);

PORTB=0x38;
while(TMR0<96);
PORTB=0x28;
while(TMR0<104);

PORTB=0x0C;
while(TMR0<112);
PORTB=0x0E;
while(TMR0<148);

PORTB=0x06;
while(TMR0<156);
TMRO0=0;
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delay()

unsigned int i;

for(i=0;i<100;i++);

3
delay1()
{
unsigned int j;
for(j=0;j<10000;j++);
}
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APPENDIX HI

Bata Sheet No. PD60147 Rev.T

International
IoR Rectifier IR2110{S)/IR2113(S) & (PbF)
HIGH AND LOW SIDE DRIVER

Features Product Summary

* Foating channel designed for boolstra, ration
Fa:y npe‘:aﬁmal 10 1500V or 4600V Vorrser (IR2110) 500V max.
Talerant i negative transient voltage (IR2113) 600V max.
d\Vidt immune

#* Gate drive supply range from 10 to 20V lo+/- 2A 7 2A

#* Undervoltage lockout for both channeis

# 3.3V logic compatitie Vout 10 - 20V
Separate logic supply range from 3.3V to 2DV

# CMOS Schmitt-iriggered inpuis with pull-down %

IO | Doy vecong (o) 10ns e

* Maiched propagation delay for both channels

* Outputs in phase with inpuls Packages

# Also avaitable LEAD-FREE

Description _ *
The IR2110MR2113 are high voltage, high speed power MOSFET and '

[GBT drivers with independent high and low side referenced oudput

channels. Proprietary HVIC and latch immune GMOS technologies | T4lesdPDIP  101ea SOIC
enabke ruggedized monofitic constructon. Logic inputs are compat- IR21101R2113
ible with standard CMOS or LSTTL output, down 1o 3.3V kgic. The
output drivers feature a high pulse current buffer stage designed for minemum driver aross-conduction. Propaga-
tion delays are matched to simplify use in high freguency applications. The floating channet can be used o drive
an N-channel power MOSFET or IGBT in the high side configuration which operates up 1o 50D or 60D woits.

Typical Connection up to SOV or 600V
-l
"
— HO |/ .,_1'—\'- T
——I WK
e . —— b v ' -
oo oD a l
-1
HIN & HIN v, — ° 10
3D = sD — XK _L0AD
LIN & LN v v
. S T—
Vo ® Vi COM 4 i :13; |
Vo "] — LO AN — T
o
(Foeies D Leat ASSIGNIMENES foF COMEC] pin conmguiation), ThisThase degramis) shiow siectricat
connections only. Pl2ase Sefes 0 DAx ADPICation NOES and DesigrTips Ior [IDPEr Circuit boars Iayoul.
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Absolute Maximum Ratings
Absoiute maxanum ratings indicate srstained limits beyond which damage to the device may ccour. All voltage param-
eters are abeolute voltages referencad to COM. The thermal resistance and power dissipation raiings are measured
under boand mounted and stil air conditions. Additional information is shown in Figures 28 through 35,

Symbol Definition Min. Max. Units
Vp High side fioating supply woitage (FR2110) 03 525
(IRZ113) 03 a25
Vg High sice floating supply offset voltage Vg-25 W + 03
VHo High side floating output volkape Vs-0.3 Vo + 0.2
Yec Low side fixed supply wollage a3 25 y
Yip Lows side output voltape 03 Yoo +03
Voo Logic supply voltage 03 Vgg + 26
Vsg Legic supply oifsed woltage Voo -25 Voo + 0.3
Vin Logic input woitage {FBN, LIN & SD) Vss-03 | Vpp+03
digidt | ABowable offset supply voltage bansient {igure 2) — 50 Vins
Pp Package power dissipation @ Ta 5 +25°C {14 jead DIP) — 18 w
{16 jead SOIC} —_— 125
Pri | Thenmai resictance, joction to ambient {14 lead DiP) — 75
{16%ead SOIC} = 100 o
T Jandion termperatre — 150
Tg Storage tempeatse B5 1950 G
T Lead temperabwre {soldering, 10 seoonds) — 300

Recommended Operating Conditions

Fhe inpustfoutput Ingie timing diagram is shown in figure 1. For proper eperation the dewice should be usad within the
recommended conditions. The Vg and Vs oifset ratings are tested with all supplies biased at {5V differential. Typical
ratings at other bias conditions are shown in figures 30 and 37,

Symbol Definition Min. Max. Units

Vg High side floating suppiy absolute voltage Vg + 10 Vg + 20

Vs High side ficating supply offset vollage  {IR2110) Note 1 500

(IR2113) Tote 1 00

Vho High side floating output voliage Vg ¥a
Yoo Low side fixed supply voltage 10 n W
Vio Low side output voltage o vee

Voo Logic supply voltage Ves +3 Vge + 20

Vg Logic supply offset wlage -5 {Not=2) 5

Vin Logic input voltage (HIN, LIN & 5D) Vas Voo

Ta Ambiert temperature Ty 125 °C

Mote 1: Logic operational ior Vs of 4 to +800V. Logee state held for Vg of -4V 10 Vgg. (Please refer to the Design Tip
DTH7-3 Jor more details),
Note 2; When Vpp < 5V, the minirmeam Vss offsat is limited to -Von
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84, 500V, 0.850 Ohm, N-Channel Power Fealures
MOSFET 84, 500V

*

This N-Channal enhancemant mode silicon gate power field
efiact ransistor is an advanced poweor MOSFET designad,
tasted, and guaraniead 1o withstand a specified lovel of » Single Pulss Avatanche Energy Hated
energy in the breakdown avalanche mode of opoeation. All of + S04 is Power Dissipation Lirnited
these powear MOSFETs are designed for applicagions such L !

as switching regulators, swilching convertars, molor drivers, + Nanosecond Switching Speads

+ rps(oNy = 0.8500

relay drivers, and drivers for high powsr bipolar switching = Linear Transior Characteristics
transistors requiring high speed and low gate drive power. . i :
Thosa types can be cperated diractly from integraiod High Input |
circuits. = Rsiated Litarature
Formerly developmental type TA17425. - Tcmnnnm§ggﬁ"w Surface Mount
Ordering Information Symboi
PART NUMBER PACKAGE BRAND o
IRFE40 TO-22048 1RF40
NOTE: When ordering, include the antire par numbed. G
s
Packaging
JEDEC TO-220A8
TOP VIEW
SOURCE
DRAIN
. GATE
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