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ABSTRACT

The production of electricity by a wind turbine at a specific site
depends on many factors. These factors include the wind speed conditions at the
site and the characteristics of the wind turbine generator itself. particularly the
rated cut in and cut out wind speed parameters; it is desirable to select a wind
turbine which is best suited for a particular site in order to obtain the maximum
power benefit at the available low wind velocity. This project proposes the design
of a horizontal axis, three-blade wind turbine system, which can produce
approximately 500 watts at a wind speed of L.5mvs. According to the wind
velocity analysis. thc.paranwtcr specifications are determined for rotor blade
design to extract the maximum output from low wind velocity and gencrator 1s
designed to utilize the rotor power to generate low electric power to meet the
requirements in rural arcas. The control system is designed to monitor and control
the variation in the generator output. It used to charge battery tor utility purposes.
The main objective is to obtain constant power output for variable wind speed.
Distributed small wind energy systems enhance the reliability and power quality
of the power grid, reduce peak power demands, increase in-state electricity
generation, diversity the state’s energy supply portfolio, and make the electricity

supply market more competitive by promoting consumer.
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INTRODUCTION
According 1o our president Dr. A.P.J. Abdul Kalam’s speech * by 2030 India

should achicve energy independence although unseen. WIND is thc most powerful
natural force and Wind energy i1s onc of the best forins of non-conventional energy
sourcc...”. His inspirational spcech motivated us to do a project in the arca of wind
Cnergy.

Since the wind power generation has been established based on clectric motor
technology, 1t is expected as natural energy power generating system of which the
practical application is most regarded promising. Besides the conventional rencwable
power generation such as hydro and pumping storage, wind power generation has been
considered as the most cost effective with developing potential. For wind speed
exceedingl.5m/s, the wind turbine can generate power and the rated outpul power is
obtained for wind speed above 8m/s. The increase of unit size and enhancement of
performance it higher leading factor and reliability have made wind power gencration
more attractive and its unit gencration cost becomes very competitive as compared o
traditional fossil generation.

The main aim of the project is to design and fabricate an efficient conirol pancl
for low power wind turbine and to obtain a constant voltage with constant frequency at
the output. The wind turbine converts the kinetic energy presented in the wind into
mechanical energy, which drives the permanent magnet synchronous generator through
gearbox. The PMSG input AC voltage is rectified using diode bridge rectifier and the
voltage is boosted up by a Boost chopper. Then this voltage is inverted by a PWM
inverter. To obtain the required output, the control circuit is designed, simulated using

MATLAR, and implemented in the Hardware.

(o)
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2.1 INTRODUCTION

Wind power is converted into electricity by a wind turbine. In a typical, modern,
large-scale wind turbine, the kinctic encrgy in the wind (the energy of moving air
molecules) is converted to rotational motion by the rotor — typically a threce-bladed
assembly at the front of the wind turbine. The rotor turns a shaft, which transfers the
motion into the nacelle (the large housing at the top of a wind turbine tower).Inside the
nacelle; the slowly rotating shaft enters a gearbox that greatly increases the rotational
shaft speed. The output (high-speed) shaft is connected to a generator that converts the

rotational movement into electricity at medium voltage (a few hundred volts).

The clectricity flows down heavy clectric cables inside the tower to a transformer.,
which increases the voltage ol the electric power to the distribution voltage (a few
thousand volts). (Higher voltage clectricity flows more castly through electric lines,
generating less heat and fewer power losses.) The distribution-voltage power flows

through underground lines to a collection point where the power may be combined with

other turbines.

In many cases, the electricity is sent to nearby farms, residences and towns where
it is used. Otherwise, the distribution-voltage power is sent to a substation where the
voltage 1s increased dramatically to transmission-voltage power (a tew hundred thousand
volts) and sent through very tall transmission lines many miles to distant cities and

factories.



St T o

Fig. 1.1 Wind Power Generation Sctup
The wind gencrator consists of the following parts,

1. Tower

[

. Shaft inside the Nacelle

. Gear Box

LW

4. Generator
5. Voltage Regulation
6

. Distribution System
2.2  SMALL WIND TURBINE
Improved airfoil designs for maximum ecfficiency at low wind speed, high
efficiency direct drive permanent magnet alternators, improved governing methods and
highly sophisticated controls and inverters now allow homeowners to interface directly

with utility companics or design oft-grid systems. These systems are increasing encrgy

Ln



independence, competing with current energy prices and reducing  environmental
impacts. Small (or residential) wind energy systems typically generate just enough power
to meet the demands of a home, farm, or small business. They range from 400 watts o |
kW (or} more, and typically consist of a single turbine, while commercial wind farms
consist of dozens (or) cven hundreds of MW scale turbines. Low power wind generators
powered lights, radios and kitchen appliances of modern urban life. In this new century,
small wind turbines are an attractive investment for residents in rural arcas looking for
relief from high-energy costs. Small turbines also contribute a larger public benefit by
reducing demand on utility systems now supplied primarily by centralized fossil fuel
plants. In recent years, this system has left electricity customers vulnerable to
power shortage and sharp price increases.
2.3 VARIABLE SPEED TURBINE

The variable speed operation enhances the low-pass characteristics of the whole
system. The relatively high frequency variations of the produced active power in the
constant speed operation have been completely eliminated in the variable speed
operation. This contributes to the improvement of the produced power quality, an issue
particularly important when the wind turbines are connected to weak electrical systems.
The mechanical stresses of the wind turbine are also significantly reduced. A significant
attenuation of the variability of the electromagnetic torque and the produced active power
is achieved in the variable speed mode of operation, compared to the constant speed
operation of the same WT. Through the variable speed mode of operation an increasc of
the energy production is achieved, the accurate assessment of which requircs a more
extensive investigation.

[
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3.1 OBJECTIVE

The main aim of the project is to design and {abricate an efficient control panel
for low power wind turbine and to obtain a constant voltage with constant trequency at
the output. The wind turbine converts the kinetic energy presented in the wind nto
mechanical energy, which drives the permanent magnet synchronous generator through
gearbox. The PMSG input AC voltage is rectified using diode bridge rectificr and the
voltage is boosted up by a Boost chopper. Then this veltage 1s inverted by a PWM
inverter. To obtain the required output, the control circuit is designed, simulated using
MATLAB, and implemented in the Hardware.

3.2 PARAMETERS MONITORED

The control panel is designed to monitor the following parameters,
* Frequency
e  Voltage
e Current
s Speed
34  WIND VELOCITY ANALYSIS

First, we started with analyzing wind velocity in our arca by using our PC
interfaced recordable anemometer. The velocity ol the wind 1s analyzed and found to be
varying with seasons, days and hours. As we know the maximum required wind velocity
to generate the power in the existing system is around 3 m/s, but in our case, we got only

1.0-5.0 m/s wind velocity even in the windy season itself.



Therefore, to overcome this situation we decided 1o design a low power wing turbine Lo
generate electric power satisfactorily with the available low wind velocity (1.5 m/s). The

wind velocity is represented graphically.

) It T | AAERdETynmiE

- PR D T e e e s D-. Ce e e e . . . .

- 5 i

g %4 [y

I.E A i “—ES : lr il

G R S S o ay £24- R

_515 I —" v = v | 3“51 ./"i s T
D D ¥ T T T ‘y\l

FAg 1-Ag HAQ TAD D¥g 25
41 7D 10 Bl 51 51 21 Bil FAg IHAg ®in FAg Dha 2o
HE Cee
Fig. 3.1 July-velocity in m/sec Fig. 3.2 August-velocity in m/sec

3
525 '_‘1.6
% 2 §1.4
212
—_ v
:‘315 E 18 ..
5 1}- 208
20 2061
£
Q
0 w2
>
0
onE B0E GUE FUE ANE 106
e
Fig. 3.3 Scptember-velocity in ni/sec Fig. 3.4 October-velocity in m/sec

9



December [metres per second] y January metres per second

Velocity

0

¢ & 12 16 0 X B

Dec Dec Dec Cec Dec Dec Dec
N T I - I 1 - B 5

Date Date

Fig. 3.5 December-velocity in m/sec Fig. 3.6 January-velocity in m/sec

February metres per second chart march metres per second chart

215 | v

L&} | 1

z |

@ 1 08

-: § a6

05

0 i 133
{-Feb 5-Feb 8-Feb 13-Feb17-Feb 21-Feb G}Mm PMac TR 1M 19Mar Z0Mie 2i-Ma

Date date

Fig. 3.7 February -velocity in m/sec Fig. 3.8 March-velocity in m/sec

3.3.1.1 ANALYSIS

During the investigation of the wind availability and the operation of various
existing systems, it is observed that the maximum wind availability not only depends on

the seasons and hours, but also depends on the windy area.
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4.1 COMPONENTS OF CONTROL PANEL

The basic components of a control panel circuit proposed 1n this project are as
shown in Figure 4.1. Wind Turbine converts wind energy in to rotary mechanical energy.
A mechanical interface consists of step up gear and a suitable coupling transmitter, which
is connected between wind turbine and Permanent Magnet Synchronous Generator

(PMSG). The electric power from generator is connected to local load through power

converters, where output with constant voltage and constant frequency can be obtained.

I R I B R A R T R A N I R T L B R A VI S I R A I A" T T T I L P

BRI

ra

— PMSG

THREE BOOST PWM
— PHASE CHOPPER | INVERTER LOAD
. — — DIODE ;

., GEAR BOX * s

RECTIFIER ! ‘

d

CONTROLLER ‘

L 4

WIND TURBINE

Fig. 4.1 BLOCK DIAGRAM

Where, d -- Duty ratio to contrel Boost chopper circuit



The wind turbine converts the kinetic ¢nergy presented in the wind into
mechanical energy, which drives the permanent magnet synchronous generator through
gearbox. Since the wind is intermittent source of energy, the output voltage and
frequency from generator will vary for different wind velocities. The variable AC power
from the generator is first converted into DC using a diode bridge rectifier. The voltage
across the rectifier terminal is regulated for constant voltage by controlling the duty ratio
of DC/DC converter. The available DC power is fed to the load at the required level of
voltage and frequency by PWM inverter. The output from the PMSG is taken from its
duty ratio d can be calculated. The duty ratio d is used to control the Boost chopper

voltage, to maintain constant output voltage.

4.2 WIND TURBINE

Most of the wind turbine generators use Horizontal axis wind turbine due to
the advantages of ease in design and cheaper in cost for higher power ratings. The
principal components of a modern wind power plant are the tower, the rotor and the
nacelle. The nacelle accommodates the transmission mechanism, generator and the yaw
systems for steering in response to changes in wind directions. The wind turbine consists
of a hub, rotor blades and blade extenders to increase the rotor diameter. Most turbines
have either two or three blades. The rotor blades are made up of reinforced glass fiber
molded on a steel shaft. The generator s what converts the turming motion of a wind
turbine’s blades into electricity. Inside this component, coils of wire arc rotated 1n a

magnetic tield to produce electricity.



Pitch angle of a wind turbine is defined as the angle between the rotor axis and
airfoi} chord. Blades are turned or pitched out of the wind to keep the rotor [rom turning

the winds that are too high or too low to produce clectricity. In Stall regulated machines

the pitch angle is fixed at the time of installation whereas in pitch-regulated machine, it

varics for various wind velocitics to maintain the output power constant at rated value.

By the means of a clamping unit, the main shaft of the wind turbine is coupled to

the gearbox. The gear has a hollow shaft that fits over the rear end of the main shaft.
Torque between the two components is transferred by friction between the two.
Transferred torque is dependent upon friction between the main shaft and the hollow
shaft.
The mechanical energy is stepped up by suitable gear transmission, which couples the
rotor and the generator. Gears connect the low speed shaft to the high speed and increase
the rotational speeds from 30 — 40 rpm, to about 900 — 1000 rpm, which is the rotational
speed required by most generators to produce electricity. This mechanical encrgy is
converted into electrical energy using the generator and the power thus generated may be
supplied to the grid or to an isolated load.

A cover protects the components inside the Nacelle. Some nacelles are large
enough for a technician to stand inside while working. Towers are made from tubular
steel or steel lattice. Because wind speed increases with height, taller towers enable

turbines to capture more energy and generate more power.



Anemomester

Yaw driva

Wind Vane

Fig. 4.2 Horizontal Axis Wind turbine

The entire nacelle assembly 1s placed over the tower through a yaw asscibly.
Anemometer on the nacelle top is used to measure the wind speed and transmits wind
speed data to the controller. The wind vane, which is also located on the top of the
nacelle senses the wind direction and communicate with the yaw drive to orient the
turbine properly with respect to the wind. Yaw motor powers the yaw drive. The control
signal from the controller relcases the yaw brakes and the entire nacclle assembly is

oriented towards the maximum wind direction.



Where,

T, - Generator torque

ig = Direct axis current

iy ->Quadrature axis current

Lag. Ly =>Inductance of direct and quadraturc axis
hm —2>Tip speed ratio

T —>Load torque

T, - Turbine torque

| T Jg
.

v
RN
GENERATOR

| \ \\r I\;wg Ks mp} ! | ﬁ ﬁ

o,

[

TURBINE

Fig. 4.3 Generator and Turbine torque interaction

4.3 DIODE RECTIFIER CIRCUITS

The generator is connected with rectifier circuits. The AC power generated
from the generator is converted into DC power through diode bridge rectifier circuits.
Full-Power Converter allows lor simplified, more effective power quality control
functions including harmonics, reactive power and llicker. Acting as a butfer, the
converter protects both the generator and the gearbox from the harmful effects of weak
grid systems.

[6



4.4 BOOST CHOPPER CIRCUIT

The AC power output from the generator is converted mto DC power through
diode rectifier circuit. Generater and rectifier circuits that supply the boost chopper
circuit with clectric power arc replaced by a DC voltage source in the analysis. The
inverter circuit connected with the output of the boost chopper circuit was simulated. The
load resistance is connected with the DC link and it i1s controlled and operated at high
power factor as a current source.

4.5 PWM INVERTER

The converter that changes a dc voltage to an alternating voltage is called an
inverter. For providing adjustable frequency power to industrial applications, three phasc
inverters are more common than single-phasc inverters. [nverters are used in a wide range
of applications, from small switched power supplies for a computer to large clectric
utility applications to transport bulk power. Gating signals for PWM Inverter switches are
generated by Sinusordal Pulse Width Modulation Technique (SPWM). In this SPWM
comparing a Sinusoidal, reference signal with a triangular carrier wave of frequency f,
generates gating signals. The frequency of refcrence signal f; determines the inverter
output frequency f; and its peak amplitude controls the modulation index and then in turn
the rms output voltage. Among all kinds of power converters, the PWM inverter has the
most widespread applications such as power supply, active filter. power factor converter,

and adjustable speed ac servo drives.



4.5.1 HALF BRIDGE INVERTER
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Fig. 4.4 Centre tapped Half Bridge Inverter

4.5.1.1 Cireuit Operation

When transistor T1 1s ON, a voltage Vs/2 will be applied to the load. If the load
draws positive current iy it will flow through T1 and supply encrgy te the load. If the load

current 1 is negative it will flow back through D1 and Return energy to the DC source.

Similarly, if T2 is ON -Vs/2 will be applied to the load. 1f i, is positive, it must
flow through D2 returning energy to the DC source. If the current is negative, it must

flow through T2 supplying energy to the load.



4.5.2 "H" BRIDGE INVERTER

ne LV
Source

Fig. 4.5 "H" Bridge Inverter
4.5.2.1 Circuit Operation
With (our switches [T1, T2, T3, T4]. there are six combinations to be examined.
TI1-T2 ON or T3-T4 ON:
Both create short circuits across the DC sourcc and are invalid.
T1-T4 ON:

Applies- Vs to the load. With j; positive current passes through T1-T4, for 1, negative

the current is through D1-D4.
T2-T3 ON:

Applics- Vs across the load. With iy positive, the current flows through D2-D3 and
returns energy to the DC source. With i; negative, the current flows through T2-T3 and

draws energy from the supply.



T1-T3 ON:

Applics 0 volts across the load. For 1 positive, the path is T1-T3 for ip negative the path

18 D1-T3.
T2-T4 ON:

Applies 0 volts across the load. For iy positive the path is through D2-T4. For 13, negative
the path is T2-D4.

4.5.3 THREE PHASE INVERTER

The inverter consists of three half-bridge units where the upper and lower
switches are controlled complimentartly. The three-phase voltage source inverter 1s
shown in figure 4.6. As the power device's tum-oft time is longer than its turn-on time,
some dead time must be inserted between the turn-olf of one transistor of the hall-bridge
and turn-on of its complementary device, The output voltage i1s created by a pulse width
modulation {PWM) technique. The 3-phase voltage waves are shifted 120° 1o cach other

and thus a 3-phase motor can be supplied.
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Fig. 4.6 Phase Voltage source inverter
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4.5.3.1 Modes of conduction

A three-phase output can be obtained from a conliguration of six transistors
and six diodes as shown in figure 4.7. Two types of control signals can be apphed to the
transisiors.

s [80%onduction
s [2(°conduction
180-degree conduction:

In this mode, each transistor conducts for 180°. Three transistors remain on af
any instant of time. When S1 is switched on, terminal ¢ is connected to the positive
terminal of the dc input voltage. When S$4 is switched on, terminal « is brought to the
negative terminal of the d¢ source. There are six modes of operation in a cycle with
duration of 60° each. The gating signals are provided such that the switching sequence 1s
612, 123, 234, 345, 456 and 561 as in figure 4.7, The gating signals arc shifted by 60% to

obtain three phase balanced voltages as in figure 4.8.

} . — [ ]
] - D =30
Vdc
Fig. 4.7 Gating signals for 180° conduction

0 18+ 350

Fig. 4.8 Voltage waveform for 180% conduction
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120-degree conduction:

In this mode, each transistor conducts for 120°. Three transistors remain on at any
instant of time. There arc six modes of operation in a cycle with duration of 60° cach.
The gating signals are provided such that the switching sequence 1s 61, 12, 23, 34, 45 and
56 as 1n figure 3.6. There is a dclay of 30° tuming off S1 and tuming on S4. Thus, there
15 no possibility of short circuit of the de supply through one upper and onc lower

transistor. The voltage wavelorm is shown in figure 4.10.

,1 .
3 IL | T ————
" 5 T 1
A | ]
jr"”“'“_'___f___ ____________________ [ . R
vl 33 12C¢ 180 220 ctole 250
Vdc
Fig. 4.9 Gating signals for 120° conduction
61 12 23 33 48 55
e . E ] -
| = Ve |
v : :
Ve | (=¥ ]
ven -—1 o Vcc
0 607 120° 180" 240+ 300 30

Fig 4.10 Voltage waveform for 120° conduction



4.6 PULSE WIDTH MODULATION

Pulse Width Modulation, abbreviated as PWM, 15 a modulation technique that
gencrales variable-width pulses to represent the amplitude of an analog input signal. It 1s
a method of transmitting information on a series of pulses. The dala that is being
transmitted 1s encoded on the width of these pulses 1o control the amount ol power being
sent to a load. In other words, pulse width modulation 1s a medulation technique for
generating variable width pulses to represent the amplitude of an input analog signal or
wave. Using digital pulses, we can create some analog value other than just “high’ and
‘low” signal levels. Many digital systems are powered by a 5-Volt power supply, so by
filtering a signal that has a 50% duty cycle we get an average voltage of 2.5 Volts. Other
duty cycles produce any voltage in the range of 0 to 100% of the ‘high’ voltage,
depending upon the PWM resolution. The duty cyele is defined as the percentage of
digital *high” to digital ‘low” signals present during a PWM period. The PWM resolution
15 defined as the maximum number of pulses that can pack into a PWM period. The
PWM period is an arbitrarily time period in which PWM takes place. It is chosen to give
best results lor our particular use. The figure 4.11 shows the PWM pulse generated by

comparing the saw tooth carrier and a reference signal.

v \. AN AN AN AN AN ANA Y
\/ WARYARVAR VAR VARV VS v
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Fig 4.11 Pulse Width Medulation
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PERMANENT MAGNET SYNCHRONOUS GENERATOR




5.1 lNTRdDUCTION

At the present time and for the near future, generators for wind turbines will
be synchronous generators, permanent magnet synchronous gencrators, and induction
generators, including the squirre]l — cage type and wound rotor type. For small to medium
power wind turbines, permanent magnet generators and squirrel - cage induction
gencrators are often used because of their reliability and cost advantages. Permanent
magnet synchronous generators provide an optimal solution for variable-speed wind
turbines, using either a gearless or single-stage gear configuration. This eliminates the
need for separate base frames, gearboxes, couplings. shaft lines, and pre-assembly of the
nacelle. The output of a permanent magnet synchronous generator can be fed to the
power grid via power converters. This provides a high overall level of elficiency. while
keeping the mechanical structure of the turbine simple.

PM machines fall into a gencralized classification known as “doubly cxcited”
machines, which have two sources of excitation — usually known as armature and the
field (or excitation). In conventional synchronous and DC commutator, machines both of
these excitation sources are electrical windings connected to an external source of
electrical energy. In PM machines, the excitation or field winding is replaced by a
permanent magnet and, of course, no external source of electrical energy is required. In
other respects, a PM machine may be directly comparable to conventionai synchronous
or DC commutator machines and armature windings and magnetic circuit may be
identical in PM machines to those in conventional machines. There is no comparison or

analogy between PM machines and singly excited machines such as the induction motor

o]
Ln



alternatively, hysteresis machines. However, PM machines generally have the structural
simplicity of singly excited machines and are, therefore, often compared with singly
excited machines in terms ol cost, ease of assembly. size and volume,
5.2 PRINCIPLE OF OPERATION

Alternate N and S poles are present in the permanent magnet rotor. when
the rotor 1s rotated in anticlockwise direction by a prime mover, the stator or armaturc
conductors are cut by the magnetic flux of roter poles. Consequently, emf is induced in
the armature conductors due to electromagnetic induction. The induced emf is alternating
since N and S poles of rotor alternately pass the armature conductors. The direction of
induced emf can be found by Fleming’s right hand rule and frequency of the developed

emf.

Salient pole
machine

C ;
-7 \\\ -~ . e Stﬂfﬁr

/‘/ ’\qrinding




1120 120 120

Fig. 5.2 Generated Voltage waveforms generated at the stator terminals

When the rotor is rotated, a three-phase voltage is induced in the armature
winding. The magnitude of the induced emf depends upon the speed of rotation and the
magnetic flux linkages of the permanent magnet. The magnitude of emf in cach phasc of
the armature winding 1s the same. However, they differ in phase by 120 clectrical as
shown in waveforms in Figure 5.2

The per phasc equivalent circuit of permanent magnet synchronous generator can

be given by the Figure 5.3.

Ia Ra Xs
== A, .
E n.,l w1

Fig 5.3 Equivalent circuit of PMSG
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Generated cmf / phase E= Vi+ fa {Ra+)Xs)
=Vdtlazs e (5.2)

Where, Zs= \[R(IZ + X2
53 MATHEMATICAL ANALYSIS

5.3.1 PERMANENT MAGNENT SYNCHRONOUS GENERATOR

The wind turbine driven PMSG can be represented in the rotor reference frame

V,=~Rs+Ld)l, ~o L, +0, A, (5.3)

r H

V,==R.+LgM, v+ L I, (5.4)

g

The above equations (2.10) and (2.11) are derived assuming that the g-axis is
aligned with the stator terminal voltage phasor (i.e., V=0). The expression for the

clectromagnetic (EM) torque in the rotor is represented as,

fﬁz[z]([i)[(l,d P N ) L — (5.5)

The relationship between the angular frequency of the stator voltage ()

and the mechanical angular velocity of the rotor {®,,) may be expressed as

w0, = %L(:J,,,G _________ (5.6)
P

=3:f—(7}n e 7 T u— (5.7)

])9 =q0,. (5.8)

Similarly, torque developed by the turbine T, and the input to the generator

T 1s expressed as,
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54 DIODE BRIDGE RECTIFIERS
A thrce-phase diode bridse rectifier converts the AC output voltage [rom the
generator terminal, which 1s variable in magnitude and in frequency, in to DC.
The average output voltage of the three-phase diode rectifier is
Ve=Q3*Vy/ 2 e (5.10)
The average load current ol the three-phase diode rectifier
loe=Voe/Re, e (5.11)
The RMS value of load current of the three-phase diode rectifier is

lrms = Vrms "IRL --------- (5 I 2)

5.5 BOOST CHOPPER
The conversion of fixed DC voltage to an adjustable DC output voltage, using
semiconductor devices, can be carried out by the use of DC — DC converters or chopper

circuits. The output voltage for Chopper is,

Vo=Vs(T/(T-Ton)) (5.13)
Vo=(Vsi{l-ky (5.14)
Where,

K -2 Duty ratio of the chopper

Vo, Vs = outpul and input voltage of the boost chopper

56 PWMINVERTER

In this project, Gating signals for PWM Inverter switches are gencrated by
Sinusoidal Pulse Width Modulation Technique (SPWM). In this SPWM, gating signals
are generated by comparing a Sinusoidal reference signal with a triangular carrier wave
of frequency fe. The frequency of reference signal f; determines the inverter output
frequency f and its peak amplitude controls the modulation index and then in tumn the

rms output voltage Vo,.



The switches in each leg are never both on or olf simultancously; therctore. the
voltages Van, Vbn, and Ven fluctuate between the input voltage (Vi) and zero. By
controlling the switches in this manner, the line-line inverter output voltages are AC, with
a fundamental frequency corresponding to the frequency of the sinusoidal control voltage
{reference signal frequency). [n most instances, the magnitude of the triangle wave is
held fixed. The amplitude of the inverter output voltages is therefore controlled by
adjusting the amplitude of the sinusoidal control voltages. The ratio of the amplitude of
the sinusoidal waveforms relative to the amplitude of the triangle wave is the amplitude
modulation ratio.

The rms output voltage can be varied by varying the modulation index M. It
can be obscrved that the area of each pulse corresponds approximately to the area under
the sine wave between the adjacent midpoints of off periods on the gating signals. [ d,, is

the width of m™ pulse and p is the number of pulse, then the rms output voltage can be

found by,
I
2l 5 3
Vae =Vil D220 (5.15)
m=l 7

This type of modulation eliminates all harmonics less than or equal to 2p-1.

Where, V,. 2 R MS OQutput Voltage
Vin =2 Input Voltage

dy, > width of m™ pulse



CHAPTER-6

PIC CONTROL UNIT




6.1 PIC CONTROLLER -PIC 16F87

It has a High-performance RISC CPU and has an opcrating speed of DC - 20
MHz clock input. It possesses 8K x 14 words of Flash Program Memory, 368 x 8 bytes of
Data Memory (RAM), 256 x 8 bytes of EEPROM data memory. It has interrupt

capability up to 14 intecmal/extemal,

TTLE Ve THY —= [ 1 U 25 [] ~—a= RET:PZD
RATEMD - [ 2 36 [] w—w» RERP3C
RATANT a—a ]2 32 [] =-—e RBS

SADANEVIEF- w— [ 37 [ w—= rE:

- ] = e ] w-—e RB2/PEW
) a— 32 [] m—w =EC
SAT AN T w—e [T 2z - =6
ST ANT - [ 2 = 32 [ -—s ZES T
2 - [] = 2 32 ] w— Iz
PELTT AR e—e [ 12 o 21 -— Il
o mg
T — [ 1 Fo) 50 [ w—= mLrss=s
33— iz 3 2¢ [J w—w =mp2Egs:
—= 2 oy 22 [] w—w ELS=355°
S R ~J ~7 [] =—n SC4=323%
- [] 1= - 2 [] e—e RCTRECT
- [ 25 [] a—a R2ETHIE
DR D 17 22 ] -—w RCEICD
RI2ECAEC. a—a= [ 15 22 [J = RIHSCLSIE
RLWPSAC -—m [ 12 22 [] =—~ RO 73532
AL PSE --—ee [ 22 21 [] «—» RCIFS57:

Fig. 6.1 Pin Diagram
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6.2 CORE FEATURES
* 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 10 5.5V
» High Sink/Source Current: 25 Ma
*» Low-power consumption:
< 2 mA typical @ 5V, 4 MHz; 20mA typical @ 3V, 32 kHz

< | mA typical standby current

6.3 PERIPHERAL FEATURES
» Timer0: 8-bit timer/counter with 8-bit prescaler
» Timer}: 16-bit timer/counter with prescaler

* Timer2: 8-bit timer/counter with 8-bit period register, prescaler and postscaler



+ Two Capture, Compare, PWM modules: Capture 1s 16-bit, max resolution ts 12.5 ns,
Compare is 16-bif, max resolution is 200 ns, PWM max. Reselution 1s 10-bit

» 10-bit multi-channct Analog-to-Digital converter

* Synchronous Serial Port (SSP) with SPL. {(Master Mode} and 12C. (Master/Slave)

« USART/SCI with 9-bit address detection.

+ Parallel Slave Port (PSP) 8-bits wide, with external RD, WR and CS controls.

Device Program flash Data memory Data EPROM
PIC 161877 8k 368 bytes 256 bytes
Table 6.1 Deviee Configuration
IO ports:

Some pins for these [/O ports are multiplexed with an alternate function for the
peripheral features on the device. In general, when a penipheral is enabled, that pin may
not be used as a gencral-purpose 1O pin.

Memory Organization:

There are three memory blocks in each of the PIC16£877’s. The program memory
and Data Memory have separate buses so that concurrent access can oceur,
Program Memory Organization:

The PIC161877 devices have a 13-bit program counter capable of addressing 8K
*14 words of FLASH program memory. Accessing a location above the physically
implemented address will cause a wraparound.
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6.4

ARCHITECTURE OF PIC 16F877
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The Power-on Resct (PORY and Device Reset Timer (DRTY eluninate the need for
external Resct circuitry. INTRC Internal Oscillator mode is provided, thercby preserving
the limiled number of I/O available. Power-Saving Sleep mode, Watchdog Timer and
code protection features improve system cost, power and reliability. These devices are
available in cost-effective Flash, which i1s suitable for preduction in any volume. The
customer can take full advantage of Microchip’s price leadership in Flash programmable
microcontrollers, while benefiting from the Flash programmable flexibility. In addition,
PIC’s are supported by a full-featured macro assembler, a software simulator, an in-
circuit debugger, a ‘C’ compiler, a low-cost development programmer and a full featured
programmer. The Flash technology makes customizing application programs (transmitter
codes, appliance settings, receiver Irequencics, ete.) extremely fast and convenicnt. The
small footprint packages, lor through hole or surface mounting, make these
microcontrollers well suited for applications with space limitations.

Data Memory Organization

The data memory is partitioned into multiple banks, which contain the General
Purpose Registers and the special functions Registers. Bits RP1 (STATUS<6) and RPO
{STATYUS<5>) are the bank selected bits. Each bank extends up to 7Fh (1238 bytes).
The lower locations of each bank are reserved for the Special Function Registers, Above
the Special Function Registers are General Purpose Registers, implemented as static
RAM. All implemented banks contain special function registers. Some frequently used
special function registers from onc bank may be mirrored in another bank for code

reduction and quicker access.



6.5 PIC MICROCONTROLLER CODING

Wi PIC progran:
include<icd.h>
long i,i1,d0,d1,d2,d3,d4.d5,3,51;
void main()
{ TRISB=0X00;
TRISD=0X00;
TRISA=0XFF;
ADCONI1=0X02;
T2CON=0XF4;
PR2=0x1f:
GIE=1;
PEIE=1,
led_init(};
print_line(" PWM PULSES ",0x80);
print_line(" "0xC0);
start:  s=take adc(0);
sl=s;
if(s1>25 && s1<30)
{ CCPRIL=250; :
if(s1>50 && s1<75)
{ CCPR11 =240, ;
{175 && s1<100)
{ CCPRI1L=230; :
it{s1=100 && s1<1253)

{  CCPRIL=220; }
if(s1>125 && 51<150)
{  CCPRIL=210; :
if(s1>150 && s1<175)

{  CCPRIL=200: !
if(s1>175 && s1<200)

{  CCPRIL=190; !
if(s1>200 && $1<225)
{  CCPRIL=180;
if(s1>225 && $1<250)
{  CCPRIL=170; L
if(s1>250 && $1<275)
{  CCPRIL=160;
if(s1>275 && s1<300)

[

-

{  CCPRIL=150; )
if(s1>300 && s1<325)
{  CCPRIL=140; :
if(s1>325 && s1<350)
{  CCPRIL=130; )
if(s1>350 && s1<375)
{  CCPRIL=120; !

il(s1>375 && s1<450)
¢ CCPRIL=110; ;



H{s1=450 && s1<475)

i CCPRIL=100:
H(s1=500 && s1<525)
{ CCPRIL=90;
(51525 && s1<550)
{ CCPRIL=80;
f(51>550 && s1<573)
{  CCPRIL=70;
{s1575 && s1=600)
{ CCPRI1L.=60;
{51600 && s1<625)
{ CCPRIL=30;
if(s1=625 && s1<6350)
i  CCPRIL=45;
if(s1=650 && s1<673)
{ CCPRIL=40;,
ifisl>675 && s1<700)
{ CCPRIL=35;
if(s1=725 && s1<750)
{ CCPR1L=30;
if(s1>750 && s1<775)
1 CCPRI11=25;
if(s1=775 && 51<800)
§ CCPRIL=20;
if{s1=800 && 51<825)
{ CCPRIL=15;
(51850 && s1<875)
{ CCPRIL=10;
if(s1=875 && 51<900)
{ CCPRIL=5;
i=sl;

d2=i/100;

1=1Y (:100;

d1=i/10;

d0=1%10;

led command(0xc0);
lcd_data(d2+0x30);
led data(d1+0x30);
led data(dCH0x30);
11=CCPRIL;
d5=11/100;
i1=11%100;

d4=11/10;

d3=i1%10;
led_command(OxcDY;
led_data{d3+0x30);
led data{d4+0x30);
led_data{d3+0x30);

coto start;

t
}

[——
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CHAPTER -7

SIMULATIONS




7.1

SIMULATION MODEL OF OVERALL BLOCK DIAGRAM
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Fig. 7.1 Overall Simulation model of Wind Electric System.

This model is simulated for various wind velocities, analysis is done, and a constant
voltage at the output has been obtained.
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7.2 SIMULINK DIAGRAM FOR WIND TURBINE
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Fig. 7.2 Simulation Model Of The Wind Turbine.
The small wind turbine model has been simuluted as used as a subsystem in the
overall wind electric system. The input given to this sub system is the wind spced and
possesses a feedback input of generator speed. The output of this system is the torque,

which n turn 18 fed to the

<=
+ oul
GpevIT= Tty
+in Series h
eries RLC Brang Gicdaz

Fazallel RLC Zranch
‘Ej GBT1 |
- -I

generalor input.

Qutl

Subgystem

Fig. 7.3 Simulation Model Of The Booster chopper
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7.3 SIMULATION RESULTS

The simulati

300

on results are shown in Figures 8.3 to 8.8 for the wind velocity of 6 m/s
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Fig. 7.4 Boost Chopper Output Voltage Curve
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Fig. 7.5 PWM Inverter Qutput Voltage

7.4 POWER UTILISATION

There arc two types of system:

s Battery based
e Dbattery-less grid tie.

For a battery-based system, you will require:

A Turbine that captures and converts energy from the wind

Panels — Captures and converts energy from wind

Support Structure — Mounts the turbine in airflow {the higher the better)
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Batteries - Stores the gencerated energy as low voltage DC.

Charge Control Unit ~ Prevents the batteries from becoming over or undercharged

Inverter — Converts the low voltage electricity to 230V 50Hz alternating current.

An inverter is not always required as low voltage lighting and appliances can be
uscd. These will operate directly from the battery bank. This type of system has the
advantage of independence trom the grid. This is especially important in remote or rural
areas where no mains electricity is available. Another advantage of this type of system is

that you can still run your lights when there is a grid failure (power cut).

A battery-less grid tie system 1s much more ellicient in terms of energy and costs
less to install. However, the grid tic inverter must be connected to 4 mains supply and

will only operate whilst the grid is online.

7.5 FUTURE ENHANCEMENTS

® Blade Twisting mechanism.

® Changing the direction of wind turbine according to the direction of flow of
wind.

® Rotor breaking mechanism.

® Design of anti-vibration system to prevent vibrations from the turbine from being
transmitted to the building.

® Design of quietest turbines to low TSR (Tip Speed Ratio) rotor blades.
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CHAPTER 8

CONCLUSION




CONCLUSION

The control unit for the low power wind turbine is modeled using
MATLAB/SIMULINK toel and analyzed for various wind speeds. The hardware is
[abricated and tested for various wind velocities. As the wind velocity increases, duc to
this PMSG output voltage also increases. Then PMSG output voltage is converted into
DC through Diode bridge rectifier and rectified output is given to the Step up chopper in
order to boost up the voltage. Step up chopper produces constant DC voltage irrespective
of wind velocities. The constant DC voltage from the Step up chopper is given to the
input of Sinusoidal Pulse Width Modulated (SPWM) inverter to obtain an AC output
voltage of constant amplitude with constant frequency. Then output {from the PMSG is
used to control the duty ratio of the chopper to obtain constant veltage. The simulated
circuit was analyzed for various wind velocities [from to ] and it produced a constant
output of There by Constant output voltage with constant frequency is obtained from the
proposed Wind Electric System MATLAB/SIMULINK model. Since a constant voltage
is obtaincd as output, the system can be directly connected to the loads o could also be

used in charging batteries.
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APPENDICES

PIC 16F877 PORT FUNCTIONS:

Table 1: PORT A FUNCTIONS

Name Bit¥ | Buffer |Function
RACIANC D16 TTL  [Iaputioutz s er analeg nput
RATAN1 i1 TTL  jlnputioutzy: er analog input
RAZ:AN2 hi2 TTL | Iaputioutput of analeg input
RAJIAN2VREF |02 TTL [nputfoutpu or analeg input or VREF
RA4TOCK! bitd ST Inputfoutput or exiernal clock input for Tamer0
Ouiput is open drain type
RA5SS/ANA  |bis TTL | Inputioutpu® or slave select input for synchronous seriaf port o7 anaion input

Table 2: PORT B FUNCTIONS

Name Bit# Buffer Function

RBOAINT bitd TTLSTY nzuzoutput zinor excernal interaptinput. Internal so*rare
pregramimable weak pull-up.

RB' bt 1 TTL Inzuzoutput zin. Internal software pregrammable weas sul-up.

RB2 bit2 TIL Insuzioutput oin. Internal software programmable wea< cub-up.

RBIPGM  |bitd TTL IRCU=OUtpUL 2In CF programming pir in L2 mede. irtemal se™wars pro-
grammable weak pa-up.

RB4 bitd TTL npuzoutput pin {w:th interrupi on changes. Internai soiware programmable
weas puli-up.

RB5 bitd TTL input/output pin {with inferrugt on change). Internal software programmable
wea¥ pul-up.

RBE/PGC | bitd TTLST Inzuzioutput oin fwith interract on change) or In-Circuit Debugger pin. Inter-
na’scftware pregrammalye weas pull-up. $2-a: rogramming clocs,

RB7=GL | bit? TTLS T [zuzautplt 3in farhinterrast on change) or In-Circuis Debugaer pin. Inter-
na’ seftware pregrarirab.e wea< pull-up 273 srearamming ata,

Legend: "TL =TTL agui 3T = Schm it 77 gger input

Note o

This Bfferis a Senvit: Trigger inpdt when configured as ne external mgrupe.

20 This buffer is a Schrit: Trigger Hpdt when used in senial programming mads.




Table 3: PORTC FUNCTIONS

Name Bit# |BufferType |Function

RCOTICSOTICK! | 510 |ST Pputiouteys por pin or T merl oscillatar o put™ mert clack input

RCTT108/CCP2 el | ST Iputioutous port pin o~ mert ascillator ot or Captusel inputs
comeare? capub P2 cutpot

RCZICCP m2 13T Mputouts gspors pinar Ssctars L inpatCompars © sutputPys
cupLt

RCISCKSOL be3 | 8T RC3 can aiso se the synehrenous serial clack for botn SPI and 1FC
meodes.

RC4/SDI/SDA bitd ST RC4 can aiso be the SPI Data In (SPI made) or data 1:0 {I°C model.

RCYSDO bhits | ST Inputfoutput pori pin or Synchrenous Serial Pori data output

RCBTRICK sig 18T Inputfoutout port pin or USART Asvachronous Transmii or Synchro-
nous Clock

RCTRXOT sa7 | ST [putouts s pars pin or LSART Asvicaranius Rece ve of Synchro-

Tius Daa

Lagend. ST = Schmitt Trigger aous

Table 4: PORTD FUNCTIONS

Name Bit# Buffer Type Function

RDOPS2D | kit ]TTLN Inputioutput port pin or parallei siave port b0
RD1/PSPI bit! ST/TTLIY Inputioutpt port pin or paralie! stave port bit1
RD2PSPZ | whip STATLY | 'nputioutput port pin or parallel siave port bit2
ROAPSPI L ST nputoutput port pin or parafle! $'ave port b2
RO4PS2S e STTLY nouticuput port in of paralle. s'ave pot b
RBEPS25 s ST nputicuiput port pin ¢ paralla’ s ave part b15
RDEFSP5 g ST rputiouput port pin or paralle: siave port b8
RO7/PSPY hif7 ST ‘nputioutput port pin or paralie’ s'ave pot b7

Legend: ST = Schmitt Trigger input TTL = TTL pu;
Nowe 10 Irpu: bufiers are Schmt Triggers waein /C moce and TTL buffer wagnin Parallel S zee Port foda.
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Table 5: PORTE FUNCTIONS

Name

Bit#

Buffer Type

Function

REC/RD:ANS

biC

aTTTL

Inputioutzus port sin or read control azutin narallel slave part mode or
analog input

M

D= Notaread speraten

0 = Read cperazon. Reads PORTO regsler o chip szizctes,

RE LAVRIANS

bt

ST

Inputoutzu pert pin orwrite conral input n parale slave port mede ¢r
analog ingut;

1 =Not a write gperation

0 =\¥rite operaton. Writes PORTD register (i chip selected)

RE2/CS/ANT

bi2

STTTL

Inputiouteut port pin or chip select centrol :nput in parallel slave port
maode or analog input:

)
n i

Zevice s not selected
0= Sevice s seleced

Legen
hote 1 Irpls

3¢ Trger inpdt TTL =TT mous

Luffes are Sehmt Tragers vastin A2 ~eme 3d TTL buffers wnen in Saralel S ave Pot Sade,

Table 6: DATA MEMORY ORGANISATION

RP1:RPO Banks
00 0
) |
10 2
11 3
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