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ABSTRACT

Hybrid Wind and Solar generation shows higher availability of energy. This Project
shows Autonomous Hybrid Renewable energy System for Smart grid application.

This project proposed a simulation of hybrid PV-Wind generator and battery system. The
PV generator, Wind generator and battery are connected to the different loads through DC bus
bar and inverter. The PV generator, wind generator are modeled, MPPT algorithm for Solar and
Wind are simulated using MATLAB SIMULINK. The control strategy with PV, Wind generator
and battery is proposed to meet the power demnand efficiently.

This project presents a simulation of autonomous system for a hybrid PV-wind generator
system connected to the DC bus. The dc voltage is inverted and used for loads .An Optimum
dispatch controller are proposed to meet the power demand. If power generation of PV and Wind
is greater than load, the surplus power stored in battery. If power generation of PV and Wind less
than the load, remaining power taken from battery. Suppose the battery at low charging state, it
cannot supplies the power, due to that battery is tripped, and also load is tripped. The simulation
process illustrated the voltages in the different components of the system with one input
conditions of solar radiation, wind speed and temperature. By using renewable energy sources

the power demand is compensated and environmental is clean by lower usage of fossil fuels
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CHAPTER 1

1. INTRODUCTION

1.1 INTRODUCTION OF HYBRID RENEWABLE SYSTEM

Smart Grid Energy Systems (SGES) is recently increasing, particularly onsite generation.
This interest is because larger power plants are economically unfeasible in many regions due to
increasing system and fuel costs, and more strict environmental regulations. In addition, recent
technological advances in small generators, Power Electronics, and energy storage devices have

provided a new opportunity for distributed energy resources at the distribution level.

Solar and wind energies, among other renewable energy sources, are the most available
and distributed in all over the world. Applications with photovoltaic (PV) and wind have been
increasing significantly due to the rapid growth of power electronic techniques. Generally, PV
power and wind power are complementary since sunny days are usually calm and strong winds
often occur on cloudy days or in night time. The hybrid PV-wind power system therefore has
higher availability to deliver continuous power and results in a better utilization of power
conversion and control equipment than either of the individual sources. Battery is used as a
backup power. Every major component of the system is modeled, and then the control strategies
are applied to the system. Fig. 2.1 shows a simple diagram of the different components of the
hybrid system connected to the smart grid. The PV and Wind generator 1s controlled by a
DC/DC boost converter, where the duty ratio is used as the control means to track the maximum
power point. The power generated from the PV generator and wind is supplied to the DC bus
bar, where a grid connected inverter is used to supply the total generated power to the load. The
wind generator consists of a wind turbine directly driving a permanent magnet synchronous
generator (PMSG) with a power clectronic system that connects the wind turbine generator to the
grid. The power electronic interface consists of an uncontrolled rectifier, a boost DC/DC

converter and the grid inverter that is shared with the PV, wind generator and battery.



1.2 OBJECTIVES OF THE PROJECT

The objective of the project is designing the Optimal dispatch controller, implements
hybrid renewable system. The load power is balanced by renewable sources and battery. Here
two renewable sources like solar and wind is implemented. To track the maximum power from

solar and wind, MPPT controller is designed.
1.3 ORGANIZATION OF THESIS

This gives an overall outline of the project report.
CHAPTER 1

It describes the general introduction for Hybrid system and Smart grid.
CHAPTER 2

It describes the Smart grid and benefits in Hybrid Renewable system.
CHAPTER 3

It describes the Components and modeling of Hybrid Renewable energy system.
CHAPTER 4

It describes the optimal dispatch controller and MPPT controllers.
CHAPTER 3

It includes the introduction MATLAB (simulink), simulation details of individual block and

simulation results of the system.
CHAPTER 6

It includes the proposed system model and description of all components used in the

hardware. It shows the schematic diagram of the hardware and output waveforms and test results.
CHAPTER 7

It gives the conclusion and recommendations for the future work.
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CHAPTER 2
SMART GRID

2.1 INTRODUCTION OF SMART GRID

Most of the world’s electricity delivery system or “grid” was built when energy was
relatively mmexpensive. While minor upgrades have been made to meet increasing demand, the
grid still operates the way it did almost 100 years ago-—energy flows over the grid from central

power plants to consumers, and reliability is ensured by maintaining excess capacity.

The result is an inefficient and environmentally wasteful system that is a major emitter of
greenhouse gases, consumer of fossil fuels, and not well suited to distributed, renewable solar
and wind energy sources. In addition, the grid may not have sufficient capacity to meet future

demand.

Several trends have combined to increase awareness of these problems, including greater
recognition of climate change, commitments to reduce carbon emissions, rising fuel costs, and

technology innovation. In addition, recent studies support a call for change:
» Power generation causes 25.9 percent of global carbon (CO,) emissions.

* CO; emissions from electricity use will grow faster than those from all other sectors through

2050

* Increase distributed solar and wind power generation to increase the electrical supply without

additional greenhouse gas emissions

+ Use plug-in hybrid electric vehicles (PHEVs) to generate and consume electric power

intelligently
* Sequester (scrub and store) the carbon from coal plant emissions

+ Use demand management to improve energy efficiency and reduce overall electricity

consumption

« Monitor and controf the energy grid in near-real time to improve reliability and utilization,

reduce blackouts, and postpone costly new upgrades



« Rooftop solar panels need to notify backup power generators within seconds that approaching

clouds will reduce output.
» The grid needs to notify PHEVs about the best time to recharge their batterics.

« Utility companies need to communicate with and control appliances such as refrigerators and

air conditioners during periods of peak electricity demand.

» Factory operators must know the cost of clectric power every few minutes to manage their

energy use economically.

« Homeowners need to become smart buyers and consumers of electricity by knowing when to

adjust thermostats to optimize energy costs.

Unfortunately, these activities cannot be achieved with the current energy grid. Today’s
electric infrastructure simply cannot coordinate and control all the systems that will be attached

to it.

A new, more intelligent electric system, or “Smart Grid,” is required that combines
information technology (IT) with renewable energy to significantly improve how electricity is
generated, delivered, and consumed. A Smart Grid provides utility companies with near-real-
time information to manage the entire clectrical grid as an integrated system, actively sensing
and responding to changes in power demand, supply, costs, and emissions—from rooftop solar

panels on homes, to remote, unmanned wind farms, to energy-intensive factories.



Fig 2.1 Smart grid structure

2.2 COMPONENTS OF A SMART GRID

A Smart Grid comprises three major components:
1) demand management,
2) distributed electricity generation, and

3) transmission and distribution grid management.

2.2.1 DEMAND MANAGEMENT:
Reducing Electricity Consumption in Homes, Offices, and Factories

Demand management works to reduce electricily consumption in homes, offices, and
factories by continually monitoring electricity consumption and actively managing how

appliances consume energy. It consists of demand-response programs, smart meters and



variable electricity pricing, smart buildings with smart appliances, and energy dashboards.
Combined, these innovations allow utility companies and consumers to manage and respond to

the variances in electricity demand more effectively.

* Demand response—During periods of peak energy use, utility companies send electronic
alerts asking consumers to reduce their energy consumption by turning off non-essential
appliances. When the Smart Grid 1s fully developed, alert signals will be automatically sent to

appliances, eliminating the need for manual intervention.

If enough consumers comply with this approach, the reduction in power consumption
could be enough to keep a typical utility company from building an additional power plant—
the most expensive asset utility companies operate.4 To increase the number of consumers who

comply, utility companies may offer cash payments or reduce consumers’ electric bills.

* Smart meters and variable pricing—Today’s electricity prices on the wholesale market are
volatile because they are determined by supply and demand, as well as by situations that
depend on generation capacity, fuel prices, weather conditions, and demand fluctuations over
time. On average, off-peak prices at night are 50 percent less than prices during the day.

During demand peaks, prices can be many times greater than those of off-peak periods.

Despite price fluctuations in wholesale markets, most retail consumers are currently
charged a flat price for electricity regardless of the time of day or actual demand. Consumers,
therefore, have no visibility into when energy is in short supply, and have little incentive to
lower their energy use to reduce their energy bill while helping utility companies meet demand.
To remedy this situation, utility companies are now replacing traditional mechanical ¢lectric
meters with smart meters. These new devices allow utility companies to monitor consumer
usage frequently and, more important, give customers the ability to choose variable-rate
pricing based on the time of day. By seeing the real cost of energy, consumers can respond
accordingly by shifting their energy consumption from high-price to low-price periods. This
process, called “load shifting” or “load shedding,” can have the joint benefit of reducing costs

for typical consumers while lowering demand peaks for utility companies.



2.2.2 DISTRIBUTED ELECTRICITY GENERATION:

Renewable energy using microgeneration devices—Already, some homes and offices
find it cost-effective to produce some Or all of their own electricity using microgeneration
devices—small-scale energy-generation equipment designed for use in homes and offices.
Microgeneration devices primarily include rooftop solar panels, wind turbines, fossil fuel

cogeneration plants, and soon, PHEVs that can generate electricity for sale back to the grid.

These devices are becoming more affordable for residential, commercial, and industrial
customers. Depending on the technology type and operating environment, microgeneration
devices can be cost-competitive compared to conventional generation methods. Even so,
widespread adoption of these technologies will require government incentives, public

awareness campaigns, and further technology development.

When fully developed, a Smart Grid will allow owners of microgeneration devices and
other energy-generation equipment to sell energy back to utility companies for a profit more
easily. When this happens, consumers become an active part of the grid rather than being

separate from it.

Despite the obvious benefits, renewable cnergy generation also provides a unique
challenge: wind and solar power are much more variable than conventional power plants. For
example, when the wind stops blowing or the sky becomes overcast, these systems stop
generating power, creating shortages in the electrical grid. To compensate, utility companies
must be able to anticipate these shortages in time to start up conventional power plants to
temporarily offset the energy deficit. The Smart Grid will integrate weather reports, real-time

output monitoring, and grid-load balancing to respond to this variability proactively.
2.2.3 TRANSMISSION AND DISTRIBUTION GRID MANAGEMENT

Utility companies are turning to IT solutions to monitor and control the electrical grid In
real time. These solutions can prolong the useful life of the existing grid, delaying major
investments needed to upgrade and replace current infrastructurc. Until now, monitoring has
focused only on high-voltage transmission grids. Increasing overall grid rcliability and
utilization, however, will also require enhanced monitoring of medium- and low-voltage

distribution grids.



« Grid monitoring and control—Expensive power outages can be avoided if proper action is
taken immediately to isolate the cause of the outage. Utility companies are installing sensors t0
monitor and control the electrical grid in near-real time (seconds to milliseconds) to detect
faults in time to respond. These monitoring and control systems are being extended from the
point of transmission down to the distribution grid. Grid performance information 1s integrated
into utility companies’ supervisory control and data acquisition {SCADA) systems t0 provide

automatic, near-real-time electronic control of the grid.

« Grid security and surveillance—Many of the assets used to generate and transmit electricity are
vulperable to terrorist attacks and natural disasters. Substations, transformers, and power lines
are being connected to data networks, allowing utility companies to momnitor their security using

live video, tamper sensors, and active monitoring.
BENEFITS OF SMART GRID

1. Reliability — by reducing the cost of interruptions and power quality disturbances and
reducing the probability and consequences of widespread blackouts

2. Economics — by keeping downward prices on electricity prices, reducing the amount paid by
consumers as compared to the “busmess as usual” (BAU) grid, creating new jobs, and
stimulating the our gross domestic product (GDP).

3. Efficiency -— by reducing the cost to produce, deliver, and consume electricity

4. Environmental — by reducing emissions when compared to BAU by enabling a larger

penetration of renewables and improving efficiency of generation, delivery, and consumption

5. Security — by reducing the probability and consequences of manmade attacks and natural

disasters

6. Safety — by reducing injuries and loss of life from grid-related events

10
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CHAPTER 3

COMPONENTS AND MODELING OF THE HYBRID SYSTEM
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3.1. BLOCK DIAGRAM OF HYBRID RENEWABLE SYSTEM:
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Fig 3.1 Block Diagram of Hybrid Renewable Energy System
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From the block diagram describes overview of the project. The Solar array is modeled for
different irradiation and temperature condition. To extracting the maximum power from solar,
the power point tracking controtler is cmployed. Different types of algorithm are present. Here

Perturb and observe method were proposed. The gating signal are generated by PWM technique.



This gating signal given to boost DC to DC converter. This maintains constant dc voltage.
Similar to that Wind turbine is modeled and Permanent Magnet Synchronous (ienerator(PMSG)
is used to convert mechanical energy to electrical energy. A diode rectifier rectifies the ac to dc
voltage. A maximum power point tracking is also used. A battery is used to supply the load when
generation is less than load demand and surplus of power is stored in battery when generation is
greater than load. An inverter is converts dc to ac voltage. A load is connected to AC bus. An
optimum controller is used control of power. That is generation is greater than load the surplus
power stored in battery. If generation is less than load demand , the shortage of power is taken
from battery. Here five different types of load connected to AC bus. Depends upon source power
particular load 1s connected to bus and it is controlled by optimal dispatch controller. Suppose
source power is low, due to load balance , particular load tripped. A measurement system shows

the generation, load power ,Battery condition for Smart grid application.

BENEFITS OF HYBRID RENEWABLE SYSTEM:

The main benefits (advantages) of a hybrid system can be summarized as :

1. The possibility to combine two or more renewable energy sources, based on the natural local
potential of the users.

2. Environmental protection especially m terms of CO, emissions reduction.

3. Low cost — wind energy, and also solar energy can be competitive with nuclear, coal and gas
especially considering possible future cost trends for fossil and nuclear energy.

4. Diversity and security of supply.

5. Rapid deployment - modular and quick to install.

6. Fuel is abundant, free and inexhaustible.

7. Costs are predictable and not influenced by fuel price fluctuations although fluctuations in

the price of batteries will be an influence where these are incorporated.

13



3.2 MODELING OF SOLAR CELL:
3.2. 1. IDEAL PHOTOVOLTAIC CELL

The equivalent circuit of the ideal photovoltaic cell 18,

__________________________________________________________

__________________________

Fig 3.2 Equivalent circuit of pv celt

The basic equation from the theory of semiconductors that mathematically describes the I-V

characteristic of the ideal photovoltaic cell is:
I = Ipv, cell — lo,cell [exp (%) — 1] (1)

Where
Ipv,cell = current generated by the incident light (it is directly proportional to the Sun
irradiation),
To,cell =reverse saturation or leakage current of the diode
g= electron charge (1 6%107°C)
k = Boltzmann constant (1.3806503*107% J/K),
T =Temperature of the p-» junction

a = diode ideality constant, data at[1],[2]

3.2. 2. MODELING THE PHOTOVOLTAIC ARRAY

The basic equation (1) of the elementary photovoltaic cell does not represent the 1-V
characteristic of a practical photovoltaic array. Practical arrays are composed of several
connected photovoltaic cells and the observation of the characteristics at the terminals of the

photovoltaic array requires the inclusion of additional parameters to the basic equation

14



] =1Ipv—lo [exp (1‘;25:) - 1} — V:;S] (2)

where

Ipv = the photovoltaic

Io=saturation currents of the array

Vt = NskT/q =Thermal voltage of the array

Ns cells connected in series.
Cells connected in parallel increase the current and cells connected in series provide greater
output voltages. If the array is composed of Np parallel connections of cells the photovoltaic and
saturation currents may be expressed as: Ipv=Ipv, cel INp, Ip=Ip,cell Np. Rs is the equivalent

series resistance of the array and Rp is the equivalent parallel resistance.

- ; : T TR
7 - - T LRI R TR PP Y TR T8 -

1A

P W]

vV [V]
Fig 3.3 1-V and P-V characteristics for PV cell

The equation originates the I-V curve, where three remarkable points are highlighted: short
circuit (0, Isc), maximum power point (Vmp, Imp) and open-circuit (Voc, 0).. In a three-diode
model is proposed to include the influence of effects which are not considered by the previous
models. For simplicity the single-diode model. This model offers a good compromise between
simplicity and accuracy and has been used by several authors in previous works, sometimes with
simplifications but always with the basic structure composed of a current source and a parallei

diode . The simplicity of the single-diode model is usea.

15



vV V Vv

Fig 3.4 Characteristics of I-V curve of PV cell.Net current I composed of light generated

current lpv and diode current 1d

Manufacturers of photovoltaic arrays, instead of the 1-V equation, provide only a few
experimental data about electrical and thermal characteristics. Unfortupately some of the
parameters required for adjusting photovoltaic array models cannot be found in the
manufacturer’s data sheets, such as the light-generated or photovoliaic current, the series and
shunt resistances, the diode ideality constant, the diode reverse saturation current, and the band
gap energy of the semiconductor. All photovoltaic array datasheets bring basically the following
information: the nominal open-circuit voltage Voc.n , the nominal short-circuit current Isc,n, the
voltage at the maximum power point Vmp, the current at the maximum power point Imp, the
open-circuit voltage/temperature coefficient Ky , the short-circuit current/temperature
coefficient K; , and the maximum experimental peak output power Pmax,e. This information is
always provided with reference to the nominal or standard test conditions (STC) of temperature

and solar irradiation. Some manufacturers provide 1-V curves for several irradiation and
temperature conditions. These curves make easier the adjustment and the validation of the
desired matbematical 1-V equation. Basically this is all the information one can get from

datasheets of photovoltaic arrays.

Electric generators are generally classified as current or voltage sources. The practical
photovoltaic device presents an hybrid behavior, which may be of current or voltage source
depending on the operating point, as shown in Fig. 3.3. The practical photovoltaic device has a
series resistance Rs whose influence is stronger when the device operates in the voltage source
region and a parallel resistance Rp with stronger influence in the current source region of
operation. The Rs resistance is the sum of several structural resistances of the device [3]. The R,

resistance exists mainly due to the leakage current of the p-n junction and depends on the

16



fabrication method of the photovoltaic cell. The value of Rp is generally high The value of Rs 1s

very low and sometimes this parameter is neglected.

The I-V characteristic of the photovoltaic device shown in Fig. 3.2 depends on the
internal characteristics of the device (Rs, Rp) and on external influences such as irradiation level
and temperature. The amount of incident light directly affects the generation of charge carriers
and consequently the current gencrated by the device. The light-generated current (Ipv) of the
elementary cells, without the influence of the series and parallel resistances, 1s difficult to
determine. Datasheets only inform the nominal short-circuit current (Isc,n), which is the
maximum current available at the terminals of the practical device. The assumption Isc = Ipv 1s
generally used in photovoltaic models because in practical devices the series resistance is low
and the parallel resistance is high. The light generated current of the photovoltaic cell depends
linearly on the solar irradiation and is also influenced by the temperature according to the
following equation ,(being T and Tn the actual and nominal temperatures [K]), G [W/m2] is the

irradiation on the device surface, and Gn is the nominal irradiation.
Ipv = (Ipv,n + KtAT) EG: (3

The diode saturation current 10 and its dependence on the temperature may be expressed by

o= Ion (1:1_9)3 exp [EE = - %)] €]

ak \TC
where Eg is the bandgap energy of the semiconductor (Eg = 1.12 eV for the polycrystalline S1 at

25 °C {4}, [6]), and Io,n 15 the nominal saturation current:

iz
Io,n= _"_"Vn_:'n_._ (5)
BXp \3\’1:.11—'[“1

with Vt.n being the thermal voltage of Ns series-connected cells at the nominal temperature Tn.
The saturation current lo of the photovoltaic cells that compose the device depend on the
saturation current density of the semiconductor (Jo, generally given in [A/cm2]) and on the
effective area of the cells. The current density Jy depends on the intrinsic characteristics of the
photovoltaic cell, which depend on several physical parameters such as the coefficient of

diffusion of electrons in the semiconductor, the lifetime of minority carriers, the intrinsic carrier

17



density. This kind of information is not usually available for commercial photovoltaic arrays. In
this paper the nominal saturation current [g,n is indirectly obtained from the experimental data
through Io equation, which is obtained by evaluating I equation at the nominal open-circuit

condition, with V = Voc,n, I =0, and Ipv = Isc,n.

The value of the diode constant a may be arbitrarily chosen. Many authors discuss ways
to estimate the correct valie of this constant [7], [8]. Usually a(1 to 1.5) and the choice depends
on other parameters of the I-V model. Some values for a are found in based on empirical
analysis. As reference says, there are different opinions about the best way to choose a. Because
a expresses the degree of ideality of the diode and it is totally empirical, any initial vatue of a can
be chosen in order to adjust the model. The value of a can be later modified in order to improve
the model fitting if necessary. This constant affects the curvature of the I-V characteristic and

varying a can slightly improve the model accuracy.

3.3 MODELING OF WIND ENERGY
3.3.1. MECHANICAL POWER EXTRACTION FROM THE WIND

The blades of a wind turbine extract the energy flow from moving air, which then
converts this energy to rotational energy and delivers it via a mechanical drive unit to the rotor of
an electric generator. The kinetic energy in air of an object of mass m moving with speed v 1

equal to:

E =%mV2 (6)

The power in the moving air, if we assume constant wind velocity, is

dE _ 1.2
ol = —= = F=
Pwind el % (7)

where m is the mass flow rate per second. When the air passes across an area A, such as the area

swept by the rotor blades, the power in the air can be estimated:
Pwind = - pAV? (8)

where p is the air density. The air density varies with air pressure and temperature, therefore

¢ = 1.225 kg/m’for the purpose of this thesis.

18



The equation above estimates how much power there is in the wind, but how much of this power
can be extracted from the airstream with an energy converter? the mechanical energy which the
converter extracts from the airflow will be equal to the power difference of the air strcam before
and after the converter:

Pmech = 2pA,V,® — ZpA;V;® =2pA,V1® — AV, (9)

where A, and A are the cross-sectional areas before and after the converter, and v 1 and v 2 are
the wind speed before and after the converter. As the airflow passes through the converter the
wind velocity behind the wind energy comverter must decrease and the mass flow remains

unchanged. Therefore,

pViA; = pVoh, (10)
‘Pmech = ZpA, V¥, % = V;? (11)

From the above equation we can see that the maximum mechanical power occurs when vz 1s
zero. If v, equals zero, the air was brought to a complete stop by the converter, which 1s not
physically possible. If the outflow velocity behind the converter is zero, then the inflow velocity
must be zero, which implies that there is no flow through the converter. Therefore, the
mechanical power extracted from the air stream must be expressed from another equation. Using
the law of conservation of momentum, the force exerted by the wind onto the converter is:

F=mV,—V, (12)
and the extracted mechanical power 1s:

Pmech = Fv! = mv, —v,v! (13)
By comparing equation 2.4 and 2.8 we will be able to obtain the relationship for the flow
velocity v
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Thus the velocity of the airflow through the converter is equal to the average of v1 and v2. The
mechanical power output of the converter can then be expressed as:

1 + e
Pmech = :L-pAVf — V5V, =V,
(15)

if comparing this mechanical power output with the power in the air stream that flows through
the same cross-sectional area A, the ratio between the mechanical power extracted by the
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converter and the power contained in the air stream that passes through the same area is called
the “power coefficient” ¢, and can be represented as follows

Cp = Peech 1ispalvr-vatiivisv
p Pwind 1}"213-&‘}3

(16)

the power coefficient can also be express in terms of the velocity ratio v 1/ v 2:

__ Pmech __ _ V_E 2
CP = oimnd 1/2 ~1 (v1)

|1Tv1 (17

If we plot equation (2.12) we will see that the maximum ideal power coefficient Cp happens

when v,vo=13 (see Fig. 3.4), therefore Cp becomes
Cp=16/27=0.593

This was first derived by A. Betz, and it is called the “Betz factor” or “Betz limit” [9].
This value is the maximum theoretical value of the power coefficient, therefore, the maximum
theoretical efficiency that a wind energy converter can have is 59.3%. It is good to mention that
this value of the power coefficient was obtained for an ideal, frictionless flow converter. In real
cases, the wind turbine will always have a smaller maximum power coefficient than the Betz
factor; this is due to many aerodynamic losses that depend on the rotor design and construction
(number of blades, weight, stiffness, etc). The power coefficient and the efficiency of a wind
turbine system are different. The efficiency of a wind turbine includes the loss in the mechanical
transmission, electrical generation, converter loss, etc., where as the power coefficient 1s the
efficiency of converting the power in the wind into mechanical energy in the rotor shaft. The
power coefficient is usually given as a function of the tip speed ratio

A and the blade pitch angle . The pitch angle is the angle between the plane of rotation and the

blade cross-section chord. The tip speed ratio of a wind turbine is defined as

1=u =R (18)

V1 Wl

Where u is the tangential velocity of the blade pitch, @ is the angular velocity of the rotor,
R is the rotor radius in meters, and v1 is the wind spced. The graph of the power coefficient
versus the tip speed ratio is given in Fig.3. 4. This graph is a key element in the characterization

of wind energy converters [10].
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3.3.2. ROTOR POWER CHARACTERISTICS

The wind power mainly depends on geographic and weather conditions and varies from
time-to-time. Therefore it is necessary to construct a system that can generate maximum power
for all operating conditions. Recently, permanent magnet synchronous generator (PMSG) 15 used
for wind power Generating system because of its advantages such as better reliability, lower

maintenance, and more efficient

The generator is actually dedicated to a vertical axis wind turbine. Using a diode rectifier
simplifies the structure and reduces system cost (no position sensor and low-cost converter

without control).

The expression of the output power is where:

Pm = : pAV3C
27 (19)

- Pm: Mechanical output power of the turbine (W),

- Cp: Performance coefficient of the turbine,

- p: Air density (Kg/m3),

- A: Turbine swept area (m2),

- V: Wind speed (my/s).

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 is varying from time 10 time, the performance coefficient
must be maximized {11},[12]. Therefore, it must be controlled. Its expression 18

CoOuB) = c1{%— C36 — 64) exp (ﬂ“

N

)+ cen (20)

A =tip speed ratio of rotor blade tip speed to wind speed

p=the blade pitch angle

1 _ 1 _ C.235
A_ T A+008:f f% =1 (21)
C1=0.5176 C2=116 C3=0.4 C4=5 C5=21 C6=0.0068
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Fig 3.5 Cp vs lamda characteristics for wind turbine

3.3.3 .PERMANENT MAGNET SYNCHRONOUS GENERATOR MODEL:

Since the power for excitation source is not required for the permanent magnet
synchronous generator, high efficiency is expected. And, since the electromotive force in
proportion to rotational speed is generated, it is possible to take out the generated output in the

easiness. The equivalent circuit and a phasor diagram for one phase are Represented

-2 Ny Ry
SN =

Fig 3.6 Equivalent circuit and phasor diagram for PMSG

When line current of the generator is defined as &Ig the terminal voltage V& g of the
generator 15

Vg=Eg— j¥s=lg— Ra=xlg (22)

where Ra is the winding resistance per phase and Xs 1s the synchronous reactance per
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Eg

Ig = (Re+Ral+iXs (23)
The amplitude of the line current is expressed as
_ tEgl
el = o 24)
The generated output power is
P = 3|Ig||Vg| * cos@ = 3Rg = |Ig|® (24)
= 3Rox___ FE
P =3Rg* (Reg+Ra)?+Xs? (25)

3.4. MODELING OF LEAD-ACID BATTERY:

A lead acid battery in its basic construction is made of more than one electrochemical
cells interconnected in such a way to provide the required voltage and current. Lead acid battery
1s constructed of two electrodes , the positive one consists of lead dioxide PbO, and the negative
consists of pure lead (Pb). The empty space between the two electrodes is filled with diluted
sulphuric acid ( H2SO, ). The voltage of the battery depends on cell temperature and the density

of the acid solution, also its density changes with temperature and charge state.

The depth of discharge (DOD) is the state of charge of the battery. The relation between
battery voltage and its depth of discharge is almost linear until a cut-off-voltage point is reached.
Operating battery beyond this point will result in increasing the internal resistance of the battery
and may result in damaging of it. A charge controiler (regulator) is used to control operation of
battery within its design limits so that not to exceed its cut-off point, also not to excced
overcharge himit. A lead acid battery loses some of its capacity due to internal chemical reaction.
This phenomenon is called self of discharge (SOD) of the battery and it increases with increasing
in battery temperature. Providing batteries with lead grid or lead-calcium grid will minimize its
SOD [13] . Long life-time, cycling stability rate and capability of standing very deep discharge
are the main design points shall be taken into account when choose a battery for certain

application.
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3.4.1. LEAD ACID BATTERY RATING AND MODEL

Battery rating is commonly specified in terms of its Ampere-hour (Ah) or Watt-hour
(Wh) capacity. The ampere-hour capacity of a battery is the quantity of discharge current
available for a specified length of time at a certain temperature and discharge rate. High
discharge current would result in reduction of the battery capacity and will decrease its life time.
The ampere-hour efficiency of a battery (nAh) is the ratio of amount of total Ampere-hours the
battery provides during discharge to that required to charge it back to its original condition. The
battery efficiency can be specified as Watt-hour efficiency (nWh) , its definition is in the same
manner as nAh. nWh has values lower than nAh because the variation in voltage is taken into

account [13].

When the power generated from the renewable system (wind and PV in the case under
study) exceeds the load requirement, energy is stored in the battery. A minimum storage level is
specified for a battery so that should not be exceeded it. This level is a function of battery DOD
so that

Emin = EBN = (1 — DOD) (26)

where
Emin: minimum allowable capacity of the battery bank,
EBN: is the nominal capacity of battery bank,
DOD : is the depth of discharge.

Energy stored in the battery at any time during charging mode can be expressed ,

B, (D) = By (t — 1) * (B (8) + E,.{) — B (1)/nV ) =nWh 27)

Energy stored in the battery at any time during discharging mode can be expressed ,

By () = By (t— 1) = (1 = 0) = B2 = (£,.() — E,u(0))) (28)

ELl o

24



where Eb(t) and Eb(t-1): are the charge capacity of battery bank at the time t and (t-1)
respectively,

o : 1s hourly self discharge rate,

EW(t) : is the energy from wind turbine during the time interval,

EPV(t) : is the energy from PV system during the time interval,

EL(t) : is the load requirement during the time interval,

nv and nwh : are the efficiency of inverter and battery bank respectively as stated before.

The Battery block implements a generic model parameterized to represent most popular types of

rechargeable batteries.

The equivalent circuit of the battery is shown below:

.0 .
E=E,—K-— + Aexp(—B-if) .
Q—it it
Internal
Resistance
e
E
Cantrolied
voltage Vbatt
source
—o-

Fig 3.7 Equivalent circuit of Battery

where, E = No load voltage (V)

E, = Constant voltage (V)

K = Polarization voltage (V)

Q) = Battery capacity (Ah)

A = Exponential voltage (V)

B = Exponential capacity (AhY"

All the parameters of the equivalent circuit can be modified 10 represent a particular
battery type, based on its discharge characteristics. A typical discharge curve is composed of

three sections:
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Fig 3.8 Discharging characteristics of Battery

The first section represents the exponential voltage drop when the battery is fully
charged. The width of this region depends on the battery type. The second section represents the
charge that can be extracted from the battery until the voltage drops below the battery nomnal
voltage. Finally, the third section represents the total discharge of the battery, when the voltage
drops rapidly. When the battery current is negative, the battery will recharge following a charge

characteristics

Mominal Charge Characteristic for a charge current

T T T T T T T T
' B : . . N N '

Full Charge Voltage

Nominal Voltage

L A S S S
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
State-Of-Charge (SOC)

Fig 3.9 Charging characteristics of Battery
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3.5. DC-DC BOOST CONVERTER

The Boost converter can be implemented in MPPT system where the output voltage of

the system is required to be higher than the input.
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Fig 3.10 DC-DC Boost Converter Circuit
¥ Gate pulse from MPPT Controller
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Fig 3.11 Waveform of Boost converter circuit
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3.6. SINGLE PHASE BRIDGE INVERTER

A single phase full bridge inverter is used, the gate pulses are generated from pwm

generator. [n pwm generator, sinusoidal pulse width modulation is used

,;z’lc ST_JJ}D]_ S KDy

Fig. 3.12.Single Phase inverter circuit
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Fig. 3.13.Single Phase inverter Gating Signai
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CHAPTER 4

HYBRID SYSTEM CONTROL
4.1. OPTIMUM DISPATCH CONTROLLER:

The optimum dispatch controller controls the flow of power. The input of
controller is solar current, wind generator current, Load current, battery current and battery SOC
(state of charge). The total current (solar and wind) is greater than load current, tha takes the
current and remaining Stores the battery. If SOC of battery greater than 0.8 the battery
disconnected otherwise it stores the current. If total current is less than generated current
shortage of current supplies by battery when SOC is greater than 0.3. 1f battery SOC reaches 03

the battery should be disconnected and also some amount of load is tripped.

r,——-[lnpui: load current; SOC; P‘u’!windj

1.Lood takes the
neacded curent.

2. Chaorging of 1he
bottery tokas

1-battary
discohnectec?
Jocd takes all

sOC = 03 &8
Copa == ! lood

the currerit.

=

Dischaomging of
the koathary

v

The oo Con
not toke any

Boitany shovikd (=]

i 1
dizconnect=d. curmrznt!

Disonnrzot kottery
frorn b

Fig 4.1 Flow Chart of Optimal dispatch Controller

30



4.2 MPPT CONTROLLER
Maximum power point tracking (MPPT) controllers are proposed to make the wind and
the PV generators work in the maximum power mode that increases the energy captured from the

wind speed and the solar radiation.

4.2.1, MPPT FOR PV GENERATOR

The PV generator is a DC source, with its output characteristics depending on the solar
radiation temperature and the load condition. To maximize the output power of the PV generator,
4 maximum power point tracking controlier is implemented in the system. The controller
proposed by measuring only the current in the output of the DC/DC converter. Due to the
constant DC bus bar voltage in the output of the boost converter" the Power can be maximized
by maximizing the boost Converter output current. This method is simple and suitable for this

application [14]

4.2.2. MPPT FOR WIND GENERATOR

The wind generator is an AC source of power, with its characteristics nonlinearly
changing with wind speed and load condition. An MPPT controller is also implemented to
maximize the output power of the wind generator. The DC/DC boost converter is used to
maximize the power by measuring the DC output voltage of the rectifier (Vboosew) at the input
of the boost converter and according to the curve fitting of the power. against voltage (Pmpp-
Vmmp) characteristics; the maximum power is obtained. A block diagram showing the

maximum power point tracking control loop is shown in Fig. 5 [15].

Ru ocor
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N ot Vel o arier | Y
e A 1 : converier | Yk
] b a
1'_,,.,_,,_..—-.'-—‘ IR e et

B

Fig.4.2. Circuit diagram for wind generator connected to DC bus
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Fig. 4.3.MPPT control loop
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CHAPTER 5

SIMULATION MODELS AND RSULTS

5.1 MATLAB

The name MATLAB stands for matrix laboratory. MATLAB is a high-performance
language for technical computing. It Integrates computation, visualization, and programming in
an easy-to-use environment where problems and solutions are expressed in familiar
mathematical notation. In this project the modelling and simulation of the proposed system Is

done using MATLAB (using simulink and power system block set tool boxes).
5.1.1.SIMULINK

Simulink is a software package for modeling, simulating, and analyzing non linear dynamical
systems. It is a graphical mouse-driven program that allows somebody to model a system by
drawing a block diagram on the screen and manipulating it dynamically. Simulink is 2 platform
for multi domain simulation and Model-Based Design for dynamic systems. It provides an
interactive graphical environment and a customizable set of block libraries, and can be extended

for specialized applications.
5.1.2.POWER SYSTEM BLOCK SET

The Power System Block set allows scientists and engineers 10 build models that simulate power
systems. The block set uses the Simulink environment, allowing a model to be built using click
and drag procedures. Not only can the circuit topology be drawn rapidly, but also the analysis of
the circuit can include its interactions with mechanical, thermal, control, and other disciplines.
SimPowerSystems extends Simulink with tools for modelling and simulating basic electrical
circuits and detailed electrical power systems. These tools let you model the generation,
transmission, distribution, and consumption of electrical power, as well as 1ts conversion into
mechanical power. Sim Power Systems is well suited to the development of complex, self-
contained power systems, such as those m automobiles, aircraft, manufacturing plants, and

power utility applications
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5.2 SIMULATION MODEL
5.2.1 MAIN CIRCUIT

The proposed system sipmulation circuit is shown in fig 5.1. From this circuit solar and
wind is two major sources and battery is storage device. The total system was simulated for
6kW. The MPPT was implemented for both solar and wind, this is due to track the maximum
power. MPPT controller takes the current is reference. The gate signal generated by MPPT
controller and this gate pulses given to boost converter. Solar and wind connected to dc bus and
also battery too connected. A single phase bridge inverter converts dc to ac. Here we use five

different type of load. A controller decides which sources available and optimal use of sources

powergul
screte,
= 5g-0%

Fig 5.1Simulation Circuit



5.2.2 MPPT CONTROLLER CIRCUIT

52. Here pi controller is used, it process the error

The control block is shown in fig
ut current. A gate pulse 1

ated by comparing reference current with outp

signal. The error is gener
boost converter.

generated and given to

Disaste
Pl Controtler

Discrate-Tima Fulse
WSO Ganeraterd

Fig 5.2 MPPT Control block

5.2.3 SINGLE PHASE LOAD

_Phase Series RLC Load block implements a Single-phase balanced load.

The Single

parallel, each load have a different resistive vales.

Five different resistive loads connected in

—NNN

Series RLC Branch

Fig 5.3 Resistive Load
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SPECIFICATION

Table 1. Specitication

S.NO DEVICE RATING
I Solar panel voltage(maximum) 200V
2 Wind generator voltage(maximum) 200V
3 Lead-Acid Battery 200v,2Ah,50%(SOC)
4 Pi controller Kp=0.1, Ki=}
5 Dc bus voltage 200v
6 Load resistance 100Gohm, 100ohm, 100hm,
500hm, 100hm,
7 Carrier frequency 1080Hz
8 Sampling frequency IKHz
9 Boost circuit
Boost inductor 1H
Boost Capacitor 10uF
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5.3 SIMULATION RESULTS
5.3.1 LOAD PROFILE

The load profile is shown in Fig 5 4. Here five different loads are connected.
I.oad current for different time interval is shown in Table 2.

Table 2. Load profile

DURATION LOAD CURRENT
0S to 808 30A
80S to 1208 19A
1208 to 1605 4A
160S to 1905 3A
190S to 2005 2A J

Load Current {Amps|

Time [Sec}

Fig 5.4 Load Profile
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5.3.2 LOAD CURRENT

The current flows in load is shown in fig 5.5.At starting full load is connected to source.
But current from Solar and Wind is low so that controller switches the battery to supply the extra
current. So three sources connected to load. After 80s to 120s, total load 1s 19A. Here also
current supplied to load by three sources. After 120s to 160s load is reduced to 4A. this supplied
by solar source because that sources is enough to supply. So that wind source is tripped.
Similarly 3A and 2A load is supplied by solar only.

Load Current (Amps)

Yime [Sec)

Fig 5.5 Load Current
5.3.3 COMPARISION OF LOAD CURRENT WITH LOAD PROFILE

Here load current and load profile is compared and shown in fig 5.6. The line shows the
load profile and shaded portion represents the load current. Initially three sources supplies the
current that is solar, wind and battery. Initially battery is 40% charged condition. At 115s battery
charge condition reaches the 30%, due to low charge battery was tripped. So the particular load

also tripped.
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Fig 5.6 Comparison of Load current with Load profile

5.3.4 BATERY STATUS

The battery discharging characteristics is shown in fig 5.7. Initially battery was
discharging after 115s battery reaches 30% charge state. So the controller trips the battery.

%S00

Time (Sec)

Fig 5.7 Battery SOC Status
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CHAPTER 6

HARDWARE IMPLEMENTATION OF HYBRID SYSTEM

6.1 BLOCK DIAGRAM OF HYBRID SYSTEM

12v
Wind Power 24V
Source+ Boost N Current Single phase
Rectifier {DC Converter 24 7| Sensing Circuit bridge inverter - — 3
Source) Yy oa
. T »
|
Yoltage voltage | -
sensing sensing |
circuit circuit |
T ; I
! r | Trip Control
VLTI I —IL ________ : Circuit
T I T x
12v | I
ol
|
Solar Power Bo0st 24V j |l |
Source {DC ' '
Converter | Py
Source) I b
¥ : : h 4 +
Voltage Voitage b=
SEnsing sensing
circuit circuit | Microcontroller
T | T
| _ . DIIIIDTOTTIoTICCCTTCh PICIGEETIA

—
24y

Fig 6.1Hardware Block diagram

The prototype of the proposed system has single phase step down diode rectifier, single
phase three level inverter, soft-switching module and micro controller (PICI6F877A) with 5V

power supply. These parts are explained with schematic diagram in following sections.
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FATTERY ¥TORADE

Fig 6.2 Schematic diagram of Hybrid system

6.1.1 RECTIFIER PART OF HYBRID SYSTEM

The rectifier block contains a step down transformer, which step downs the input voltage

220V to 12V. In addition, the step downed voltage is rectified to DC. This is done by
k is 12V DC. The schematic of

from
uncontrolled single phase diode rectifier. The output of this bloc

rectifier is shown in the fig.6.2.

184007

‘_____———J, " P " 4-51-
Lv4007 ) _L _\_ _[_ ,.—l:
13V ACSUPPLY ( HATOT - F . muy{m In.m
\ l = - ~ GND

I 7

Fig 6.3 Schematic of Power circuit
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6.1.2 INVERTER PART OF HYBRID SYSTEM

The single phase three level inverter is used in this part. Here four MOSFETs are used n
the bridge. These power switches are driven by the gate pulse generated by micro controiler
(PIC16F877A). The inverter bridge is isolated from the gating circuit by the opto-coupler. The
resistive load is connected across the load side of the inverter. The schematic of single phase

inverter is shown in the Fig.6.4.

INPUT

Fig 6.4 Schematic of single phase mverter

ADVANTAGES OF MOSFET

e MOSFETs provide much better system reliability.

e MOSFET are fast switching devices permit much higher switching frequencies and there
by the efficiency 1s increased.

e MOSFETs have better temperature stability.

e Overload and peak current handling capacity is high.

e MOSEETS have low leakage current.

e MOSFETs are able to operate in hazardous radiation environments.
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Fig 6.5 Schematic of driving circuit

6.1.3 MICROCONTROLLER FOR HYBRID SYSTEM

The gate pulse for the inverter switches and the switches in soft-switching module is
generated by PIC16F877A controller. This micro controller circuit works in 5V power supply.
So separate step down rectifier unit is made for the controller. The details about PIC16F877A 1s
given in APPENDIX II. This controller is isolated from the main circuits by means of opto-

coupler. The schematic of micro controller circuit is shown in Fig.6.6.
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Fig 6.6 Schematic of micro controller circuit
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6.2 PHOTOGRAPH OF HARDWARE

Fig 6.7 Photo copy of Hardware

The hardware block diagram is shown in Fig 6.7. It has two battery sources for solar, wind with

rectifier. Each have a 12V energy and also variable sources.
the boost converter used for both sources. Dc bus voltage is 24V and Battery potential

To maintain constant output voltage

at dc bus,
is 24V connected to dc bus. A single phase bridge inverter converts dc to square wave ac signal.

Three different types of resistive load connected ac bus. The PIC 16F877A controller controls

the power demand. The system is continuously monitored by computer.
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6.3 HARDWARE RESULTS

6.3.1 BATTERY CONDITION

Fig 6.8 Battery charging waveform

6.3.2 PWM PULSES

FALCON
[

Fig 6.9 PWM Pulse for Boost converter
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Fig 6.10 PWM Pulse for Inverter

6.3.4 AC BUS VOLTAGE

Fig 6.11 AC bus voltage
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CHAPTER 7

CONCLUSION AND FUTURE SCOPE

7.1 CONCLUSION

This project shows that a simulation for a hybrid PV-wind generator system and
Battery connected to the DC bus. The de voltage is inverted and used for different load. An
Optimal controller was designed to meet power demand and MPPT for solar and wind also
designed. The different components of the system were modeled and the control strategies for
the different parts of the system were proposed. The simulation process illustrated the voltages in
the different components of the system with one input conditions of solar radiation, wind speed
and temperature. The measurement of voltages are used as a data for smart grid application. By
using renewable energy sources the power demand is compensated and environmental is clean

by lower usage of fossil fuels.
7.2 FUTURE SCOPE

The system proposed to modify the control strategies and implements more number of
renewable energy sources. It can be modify the system optimize and reduced total cost. The data
from the sources sent to smart grid controllers. The data can be collected by Smart Meters from

houses and industries.
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OPTIMAL DISPATCH CONTROLLER
function [Ls,b] = fen(si,wi,li,Btsoc)
% This block supports the Embedded MATLAB subset.
% See the help menu for details.
ti=si+wi;%ti means total current
1=0;
b=0;
s=0;
if t>li
x=ti-11;
b=1; %load takes required current and battery CHARGING
1=1;
if Btsoc>=0.8
b=0; %battery should be disconnected(b=0)
else
b=1:%charging of battery
I=1:%load 15 connected
end
else if ti<li
if Btsoc>0.3
b=1;%connect the battery
I=1;
if Btsoc<0.3
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b=0;%disconnect the battery
1=0:%Particular load is disconnected
else
b=1;%connect the battery
=1;
end
else
1=0;%load cannot take current(l=0)
b=1;
end
else
b=0;%battery disconnected to load
I=1;

end
end
end
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1N4001 - 1N4007

Features

* Low forward vollage drop.

* High surge current capability.

DO-41

CCLO] BAND DENOTES CATRCDE

General Purpose Rectifiers (Glass Passivated)

Absolute Maximum Ratings*

Ty = 25°C unless otherwise noted

Symbol Parameter Value Units
4001 | 4002 | 4003 | 4004 | 4005 | 4006 | 4007
Yeam Peak Repetitive Reverse Voltage 50 100 | 200 | 400 | 600 | 800 [ 1000 v
=g Average Rectified Forward Current, 10 A
375 "lead length @ T, = 75°C )
- Nen-repetitive Peak Forward Surge
Current 30 A
8.3 ms Single Half-Sine-Wave
Teq Storage Temperature Range 550 +175 *C
T, Operating Junction Temperatuse S5t +175 20
*These ratings are limiting vaiues ahove which the ssrviceability of any sericonductor device may be impaired.
Thermal Characteristics
Symbol Parameter Value Units
Pg Power Dissipation 3.0 Wy
Rea Thermal Resistance, Juncticn to Ambient 50 “CAN
Electrical Characteristics - 2scuness oihenise roted
Symbol Parameter Device Units
4001 | 4002 | 4003 | 4004 | 4005 [ 4006 [ 4007
Ve Forward Voltage @ 1.0 A 1.1 Y
e Maximum Full Load Reverse Current, Full 20 uA
Cycle T,=75C
5 Reverse Current @ rated Vi T, = 25°C 50 A
T, = 100°C 240 e
C- Talal Capacitance 15 pF

Vo= 4.0V, F=10MHz
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ARCHITECTURE OF PIC 16F877A

Pin Configuration of PIC16F877A
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TIMER 0 CONTROL REGISTER:

RiN1 RAVAT RAN1 RAV-1 RWHD RA-T RAV-T  RAT
["8PU | NT=0G | Tocs | Tos= | PsA | P82 | Ps1 | Pso |
bi 7 bit G

bit 7: RBPU
bit 6: INTEDG
bit 5: TOCS: TMRO Clock Source Select bit
1 = Transition on TOCKI pin
0 = Internal instruction cycle clock (CLKOUT)
bit 4: TOSE: TMRO Source Edge Select bit
1 = Increment on high-to-low transition on TGCKI pin
0 = Increment on low-to-high transition on TOCKI pin
bit 3: PSA: Prescaler Assignment bit
1 = Prescaler is assigned to the WDT
0 = Prescaler is assigned to the Timer0 module
bit 2-0: PS2 PS1 PS0: Prescaler Rate Select bits

TIMER 0 BLOCK DIAGRAM:

TLKOUT i= Fatasdy JaaBus

Tt Flag B TOF
oy Orvertion

Ptraoy
TRy

!

AWOT Sracis b
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TIMER 1 CONTROL REGISTER:

U-0 U0 R0 RAWED  RAAND RWD  RMED R
I — ] = Frickps1 [T1ckeso[T1osCEN] TTSTRT [mar1cs [ TWR1CH |
bit7 bitd

bit 7-6: Unimplemented: Read as "0’
bit 5-4: TICKPS1: T1CKPS0: Timer] Input Clock Prescale Select bits
11 = 1:8 Prescale value
10 = 1:4 Prescale value
01 = 1:2 Prescale value
00 = 1:1 Prescale value
bit 3: TIOSCEN: Timer] Oscillator Enable Control bit
1 = Oscillator is enabled
0 = Oscillator is shut off (The oscillator inverter is turned off to eliminate power drain)
bit 2: TISYNC: Timerl External Clock Input Synchronization Control bit
TMRICS =]
| = Do not synchronize external clock input
0 = Synchronize external clock mput
TMRICS =0
This bit is ignored. Timer} uses the internal clock when TMRICS = 0.
bit 1: TMR1CS: Timerl Clock Source Select bit
| = External clock from pin RCO/T1OSO/T1CKI (on the rising edge)
0 = Internal clock (FOSC/4)
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bit 0: TMR1ON: Timer] On bit
1 = Enables Timerl

0 = Stops Timer1

TIMER 1 BLOCK DIAGRAM:

Set lag bit
THRYF on
Cuerflow N /-91 Synchrorized
' TMR1 S tlock ‘nput
TMRIL
| MR e
TMRICH _T;
........ on'off (0
| TIOSC | Nl
RCETA0SOMACKI > 1 T
T tima )
| 10SCEN 2.4, A
o ! HS‘-Enabie E?aff = lm
3 ) Oseiator
RCITI0SICCR? : ' Oscill 5 & Co
-------- TICKPS1.TICKPSE
THRICS
TIMER 2 CONTROL REGISTER;
U0  RWO RWO  RWO  RMWD RWI  RWL  RWD
I [routPsalrouTPsa[ToUTPS1 [TOUTRSD| TMR2ON | T2CKPS1| T2CKFST
bit? bicd

bit 7: Unimplemented: Read as (V'
bit 6-3: TOUTPS3: TOUTPSO: Timer2 Output Postscale Select bits
0000 = 1:1 Postscale
0001 = 1:2 Postscale
0010 = 1:3 Postscale
1111 = 1:16 Postscale
bit 2: TMR2ON: Timer2 On bt
1 = Timer2 is on
0 = Timer2 is off
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bit 1-0: T2CKPS1:T2CKPS0: Timer2 Clock Prescale Select bits
00 = Prescaler 1s 1
(1 = Prescaler 1s 4
1x = Prescaler is 16

TIMER2 BLOCK DIAGRAM:

4
Sets flag
bit TMRZIE | iy 2

Reset Prascaler
> 5
TMR2 reg 1, 18, 118 —Foscid
Postscaler /1/2
1 e 148 Eg
i TRCKPETL:
4 T2CKP3D
T2SUTPS3:
T20UTPSH
CCP1CON REGISTER/CCP2CON REGISTER:
Uo U0 RWD RS RWD RAN-C AAN-C RAN-O
[ — T — ] copex | copey | copxma | copxmz | copsmty | CoPwua
bit7 b1l

bit 7-6: Unimplemented: Read as '0'

bit 5-4: CCPxX :CCPxY: PWM Least Significant bits
Capture Mode: Unused
Compare Mode: Unused

PWM Mode:; These bits are the two LSB s of the PWM duty cycle. The eight MSB s are
found in CCPRxL.
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bit 3-0; CCPxM3:CCPxM(: CCPx Mode Select bits
0000 = Capture/Compare/PWM off (resets CCPx module)
0100 = Capture mode, every falling edge
0101 = Capture mode, every rising edge
0110 = Capture mode, every 4th rising edge
0111 = Capture mode, every 16th rising edge
1000 = Compare mode, set output on match (CCPxIF bit is set)
1001 = Compare mode, clear output on match (CCPxIF bit is set)

1010 = Compare mode, generate software interrupt on match (CCPxIF bit 1s set, CCPx

pin is unaffected)

1011 = Compare mode, trigger special event (CCPxIF bit is set, CCPx pin is unaffected);
CCP1 resets TMR1; CCP2 resets TMR1 and starts an A/D conversion (if A/D module is
enabled)

11xx = PWM mode

CAPTURE MODE OPERATION BLOCK DIAGRAM:

N SrRERd &1 l

s

Fin

p + 1, ¢
SHOLEY 223394 | CCERIL
c

CD2CCHed D
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COMPARE MODE OPERATION BLOCK DIAGRAM:

Specia BEuwen: Triggsr

Serdlag by SCP1IF

R
] CCPRIH|CGRRIL
S Vi
. - = — k
f:'x ]7 &SN Qu%'.;:!ut - Com ?ramr
RCZICCP L Logic [ maieh L2
Pirt . - 3
T;H!E:.c;{g} TMRIH | TMRIL
Dutput Enable copiooMests

Mode Selact
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Philips Samiconauctors Proouct spacification
MN-channel enhancement mode IRFZ44HN
TrenchMOS™ transistor

GENERAL DESCRIPTION QUICK REFEREMCE BATA

MchEnrel  eshaneement made | SYMBOL | PARSMETER MEAX, UNIT

standam] lewel fleldaffect powsr

rarsisor in aplasc envelopa usirg | Vi Crar-EoUme woiage =3 W

‘tremch’ iechroiogy. The devica I Drain cum=nt [CC) 48 A

faatires very low orstEte resstanee | B, Total power dsspaton H w

A R 1 Z=ne dodes: T, Juncion tEmpersne it "W

ESZ on up o mr.'”ﬁ?""% I-J:.;ﬂ,,, DeAr-500Me or-sae = e

Interited for use in satthed mode resistanos Wy = 10

Jer BIpelies and generdl purposa
ﬁnmg Applicaions.
PINNING - TG2Z0AB PN CONFIGURATION SYMBOL
P8 DESCRIPTION ] | 2 e won
n‘:q«xo l‘.‘ ; d
1 |gate
2 |daEn
3 |soume
Al |aran

LIATING VALUES

Liriting ¥3URS N 3000Mmance Wit the sbeoine Madmum Sysiem 120 134
FrMB0L |PARAMETER CONDITIONS MM MK UNIT
Vi Dralf-souce woitage - - 53 ¥
Vs Drair-gate voitage R, = 2K - 55 v
=W, Gabe-50UrDe voage - - o v
Draln curmesTt { 2C T,.= 25 . 43 A
{ Drain curmen {20 T.= 100 - 35 L3
Ysu Dratr curmen (plase peaEk valR: T = 250 - 152 A
P Totat power dsslzgzon T..=25C - 112 1
Te T Slrage & opecdn] Erperue |- -E£ 17e o

E5D LIMITING VALUE
SYMBOL | PARAMETER SOMHDITIONS M M LENIT
W Eacoeate dsctage ca03ctof [ Human Dody mods - 2 kY

VDNEge. 3! dirs 2100 oF, 1.5 K

THERMAL RESISTANCES
SYMBOE |PaRAMETER COMINTICHS B, Mo HMIT
R Thermal ressaro: LnEor o - - L Ry

TG base
2. Toernal resstaros ingor o T e 3l £ - LS
sroil
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Prilips SeErinoraucin Froauct spefyoaior

N-channel enhancament mode IRFZ44M
TrenchMOS ™ transistor

STATIC CHARACTERISTICS
T80 Wiess GREnslse SPECHTiat

BYMEOL |PARAMETER CONDITIONS MiN. | TYP. | WX | INIT
Vimars | Dr3IM-50MICE DREakiown Wi, = 0 [y = DL25 M EE R _ v
vpliage T =-55'C ) - - W
Vowin | SELE NHREN0N VIHEGR Vo m W b= 1A ar p 3zl | v
T=4iT3C | 1.0 - - W
: T=55C | - - L4
i Zoro qate voiage oran cUReR | Vio= 553N =DV ' - joos| 1L | oA
= - “ Tatmzc | - | - | & | s
L Gate souroe jeakage ouTarl (W =#10W N, = g - 004 i wh
T=17C | - - 2 ] e
W gn | B3R SO breakdown voiage |1, = =1 A & - - )
RS | Crsin-solron oeiE W =10Vl =23 A Sl e | ;2 |
[eSsENCE T =175 - - 22 | mi
DYNAMIC CHARACTERISTICS
T, = 250 uniass othermse specified
SYMEOL |PARAMETER CORDITIONS WeH. | TYPR. | MG | UNIT
T Foraand IEnssoncEnce Vi = 25 kg =25 A £ - - 2
Cut Irpet capacitancs Vo, =DW, = S VIT= L MR - | 13=0)i13m0 ] pF
Cua Oufpest capacitance - 330 ) A ) pf
Cu Feedbadk capachance - 152 | 21E pr
o Total gae charge Vg, = A2 L = S0 AV, = 10V - - 52 | =C
Q, GateLoursa charge - - if | nC
Qu Gabetrain imiler) chame - - 26 |
o Tury-on Seiay ime W, =W, =35 A - £ | 22| 75
o TumrHon 52 ime Wi = 100, B, = 1Dk - 0 7E ]
pA. Tumo™ Selay iime Rescive lad - a2 0 e
< Tum-o 1l < - K 22 s
- IR dEn Inoueisnc: Massad T COME 50ren o6 - 3E - "
=0 1o cerTe of die
- Irtamia dien inoustisnce Meastres rom drain iead £ v - 2£ - nH
from to pentre of 42
- IntaTa SoUme NOLEENCE Measuras Fom source ieed £ Tim - TE - "k
froer packags to sour: tord pad
REVERSE DIDDE LIMITING YALUES AND CHARACTERISTICS
T = 25°C LTiEss CIETNI5 SPECIRAD
SYMBGL |PARAMETER CONDATIONS MM, | TYP. | M | UNIT
1o Comlintouss TEwesE Iraln - - 23 &
sLrTers
Laew Huised TEVENSS O30 SUFEr. - - 152 2
' Ciode Torward votags | =RE LW, =DV - Joa=1 1z W
L2l d i, =2V - 1.2 -
e Fewarse Eoovely Ime ||= el &gl = 100 A S - 7 - 15
2. Rogafes TECCVAY FIHQE A R - GAs - iz
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PIC CONTROLLER PROGRAM
#include<pic.h>
__CONFIG(0X20E4);
__ CONFIG(0X3FFF);
#define S1 RBO
#define S2 RB1
#define S3 RB2
#define S4 RB3
#define SW RB5
unsigned int REFF1,INPUT1,REFF2,INPUTZ;
unsigned char count;
delay(void);
delayl(void);
void main()
{
TRISC=0;
PORTC=0;
TRISB=0;
PORTB=0;
TRISA=0XFF;
RC2=1;
ANSEL=0X0F;
ANSELH=0;

ADCON1=0X80;
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PR2=99;
T2CON=0X04;
CCP1CON=0X0C,
CCPRIL=753;
CCP2CON=0X0C;
CCPR2L=75;
T1CON=0X01;
TMRI1L=0XFO;
TMR1H=0XDg;
GIE=PEIE=TMRIIE=1;
while(1)

{

’I****************** ADC SCAN *****************/

ADCONO0=0X381;

delay();

GODONE=1;

while{ GODONE);
REFF1=(ADRESH*256)+ADRESL;
ADCONO=0X85;

delay();

GODONE=1;

while(GODONE);

?

INPUTI =(ADRESH*256)+ADRESL'

ADCON0=0X39:
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delay();
GODONE=1;
while(GODONE);
REFF2=(ADRESH*256)+ADRESL;
ADCONO0O=0X8D,;
delay();
GODONE=1,
while(GODONE);
INPUT2=(ADRESH*256)+ADRESL;
prscki kR ERRrkRRrk PWM LIMIT fokioskssbistoriork oo

if(INPUT1>410 && INPUT2>410)
{

iff CCPR11.<45)

CCPRI1L=45;
if{CCPR1L>85)

CCPRIL=85;

iffCCPR2L<45)
CCPR2L=45;
if(CCPR2L>85)

CCPRZL=85;
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prrsssrknixnnss QUTPUT REGULATION®#####kaknbsdossons /
if(INPUT1>410 && INPUT2>410)
!
delay!();
if(REFF1>600)
CCPRIL++;
delay();
if{REFF1<605)
CCPRIL--;

delayi();

delayl();

il REFF2>600)
CCPR2LA++,;

delay();

if{REFF2<605)
CCPR2L--;

delay1();

}

HINPUT1>700 && INPUT2>700)
SW=1I;
if{(INPUT1<600)
{

SW=(};
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if(INPUT1<400)

{

SW=0;
CCPRIL=100;
}
}
f(INPUT2<600)
{
SW=0;
ifINPUT2<400)
{
SW=0;
CCPR21.=100;
3
3
}
}
void interrupt isr{)
{
1f(TMR1IF==1)
{
TMRI1IF=0;
TMRI1L=0XFO0;

TMR1H=0XDS;
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count++;

if{count==1)

{
PORTB=0;
S1=1;
S2=1;
}
if(count==2)
{
count=0;
PORTB=0;
S3=1;
S4=1;
}
}
i
delay()
{
unsigned int i;
for(i=0;1<100;1++);
}
delayl()
{

unsigned int j;

for(j=0:j<10000:]++);

-
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