CHAPTER 1

INTRODUCTION

1.1 Introduction

Street lighting is an essential public service that provides a safer environment at nighttime to
commuters including pedestrians. Proper use of street lighting can be considered as a protective
method which provides economic and social benefits to the people. There is a shortage of proper
street lighting facilities in many areas in developing countries due to lack of financial resource
The lack of adequate light at night has given rise to poor living conditions and as such, street

crimes, and other mishaps are commonplace.

The electrical energy consumption of street lighting constitutes an important part of total energy
Consumption. Saving energy in street lamps is therefore important for total energy savings. It is
known that street lighting levels are excessive in many cases. For instance, in the case of low traffic
volumes, the lighting levels are excessive and could be reduced so that energy savings c
achieved. On the other hand, in specific situations and for traffic safety reasons, light levels should

be increased even in the case of low traffic volume.

Undoubtedly, excellent street lighting would not only reduce the number of accide¢hésroads,
but they would also help the people with weak eyesight. These are the people whdifiidli

to go outside their houses at nights. Solar urban LED street lighting is one sticmsShlar LED
lights come with rechargeable batteries and are powered by the photovoltdE. Fémese
photovoltaic panels help in charging the batteries in the day time, and thepotheythe LED
lamps to provide optimum light in the nights. Too much lighting can also caobkemps. The
lights can be customized to decrease the risk of accidents. But befogetloat, it is always

important to analyze the location and regular traffic.

Different type of light technology used in lighting design with their luminous efficiency, LED is

consider a promising solution to modern street lighting system due to it is behavidwvanthges
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As emphasized in A part from that, the advantages of LED are likely to réipéaraditional street

lamps such as the incandescent lamp, fluorescent lamp and High pressure Sodium lamp.

The solar LEDs are cost effective, and they are designed to turn on and off autonsstocatiing
to the lighting conditions. The lights are easy to maintain and very effeStiest lighting must
not be ignored because it can lead to fatalities and loss of property asavatig quality street
lights does not only serve the purpose of safety in the urban areas, but they aldougaviengact

on our standard of living. By auto intensity control of street lights we can save a lots of energy.

LED lights are the future of lighting, because of their low energy consumption and long life they
Are fast replacing conventional lights world over Hence we used LEDs to control the intensity of
light. The solar energy is mainly useful in solar street lights, auto solar irrigation system, traffic

junction signal lighting etc.

1.2 Objectives:

1. To reduce the energy as our country faces energy crisis.

2. To compensate the growing energy demand by using renewable energy source as solar.
3. To reduce the energy cost.

4. To light the streets of rural areas where there is so many power cuts occurs.

5. To implement low power consumption, longevity, reliability our product.
1.3 M ethodology:

1. Study about the solar.
2. Study about the theory of auto Intensity control of LED Street light.

3. Construction and performance of circuit.
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1.4 Outline of this Report:

This report consists of five chapter. In first chaptes,discussed introduction and importance of

solar and auto intensity control of LED street light. Whereas in chapter 2, we disouss2on

Design and Construction that have been done. In chapter 3, the discussion will be on functional
details of each equipment which used in our project. Cost analysis and cost camyfarigaVell

Equipped project are discussed in chapter 4. In chapter 5, we discussed advantage, disadvantage
and application of this project. Chapter 6, the discussion will be on the projatts resd

conclusions.

© Daffodil International University



CHAPTER 2

EQUIPMENT’S

2.11R LED (Infrared Light Emitting Diode)

2.1.1 Introduction

An Infrared light emitting diode (IR LED) is a special purpose LED emitting infrared rayginan

700 nm to 1 mm wavelength. Different IR LEDs may produce infrared light of differing
wavelengths, just like different LEDs produce light of different colors. IR LEDs are usually made
of gallium arsenide or aluminum gallium arsenide. In complement with IR receivers, these are

commonly used as sensors.

The appearance of IR LED is same as a common LED. Since the human eye cannot see the infrared
radiations, it is not possible for a person to identify if an IR LED is working. A camera on a cell
phone camera solves this problem. The IR rays from the IR LED in the circuit are shown in the

camera.

2.1.2 Pin Diagram of IR LED

An IR LED is a type of diode or simple semiconductor. Electric current is allowed to flow in only
one direction in diodes. As the current flows, electrons fall from one part of the diode into holes
on another part. In order to fall into these holes, the electrons must shed energy in the form of

photons, which produce light.

It is necessary to modulate the emission from IR diode to use it in electronic application to prevent
spurious triggering. Modulation makes the signal from IR LED stand out above the noise. Infrared

diodes have a package that is opaque to visible light but transparent to infrared. The massive use
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of IR LEDs in remote controls and safety alarm systems has drastically reduced the piiRing of
diodes in the market.

Figure: 2.1.1 IR LED (Infrared Light Emitting Diode)

2.1.3 IR sensor

An IR sensor is a device that detects IR radiation falling on it. Proximity sensors (used in
touchscreen phones and edge avoiding robots), contrast sensors (used in line following robots) and
obstruction counters/sensors (used for counting goods and in burglar alarms) are some applications

involving IR sensors.

2.1.4 Principle of Working

An IR sensor consists of two parts, the emitter circuit and the receiver circuit. This is
collectively known as a photo-coupler or an optocoupler. The emitter is an IR LED and th&rdetec
is an IR photodiode. The IR photodiode is sensitive to the IR light emitted by an IR LED. The
photodiode’s resistance and output voltage change in proportion to the IR light received. This is
the underlying working principle of the IR sensor. The type of incidence can be direct incidence
or indirect incidence. In direct incidence, the IR LED is placed in front of a photodiode with no

obstacle in between. In indirect incidence, both the diodes are placed side by side with an opaque
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object in front of the sensor. The light from the IR LED hits the opaque surface and reflects back

to the photodiode.

. Reflected IR Light

 Riight

Figure:1.4working principle of IR LED

2.2 Photodiode:

2.2.1 Introduction

A photodiode is one type of light detector, used to convert the light into current or voltage based
on the mode of operation of the device. It comprises of optical filters, built-in lenses and also
surface areas. These diodes have a slow response time when the surface area of the photodiode
increases. Photodiodes are alike to regular semiconductor diodes, but that they may be either
visible to let light reach the delicate part of the device. Several diodes intended for tigeasxac

a photodiode will also use a PIN junction somewhat than the usual PN junction.
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Figure: 2.2.1 Photodiode

2.2.2 Typesof Photodiode

Although there are numerous types of photodiode available in the market and They All works on
the same basic principles, though some are improved by other effects. The working of different
types of photodiodes work in a slightly different way, but the basic operation of these diodes
remains the same. The types of the photodiodes can be classified based on its construction and

functions as follows.

PN Photodiode
Schottky Photo Diode
¢ PIN Photodiode

Avalanche Photodiode
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2.2.3 Working of Photodiode

The working principle of a photodiode is, when a photon of ample energy strikes the diode, it
makes a couple of an electron-hole. This mechanism is also called as the inner photoelectric effect.
If the absorption arises in the depletion region junction, then the carriers are removed from the
junction by the inbuilt electric field of the depletion region. Therefore, holes in the region move
toward the anode, and electrons move toward the cathode, and a photocurrent will be generated.
The entire current through the diode is the sum of the absence of light and the photocurrent. So the

absent current must be reduced to maximize the sensitivity of the device.
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Figure: 2.2.3 PN junction diode

2.2.4 Modes of Operation

The operating modes of the photodiode include three modes, namely Photovoltaic mode,

Photoconductive mode and avalanche diode mode.

Photovoltaic Mode: This mode is also known as zero bias mode, in which a voltage is produced
by the lightened photodiode. It gives a very small dynamic range & non-linear neoésbity

voltage formed.
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Photoconductive Mode: The photodiode used in this photoconductive mode is more usually
reverse biased. The reverse voltage application will increase the depletion layer’s width, which in
turn decreases the response time & the junction capacitance. This mode is too fast and displays

electronic noise.

Avalanche Diode Mode: Avalanche diodes operate in a high reverse bias condition, which
permits multiplication of an avalanche breakdown to each photo-produced electron-hole pair. This

outcome in an internal gain in the photodiode, which slowly increases the device response.
2.2.5 Applications of Photodiode

The applications of photodiodes involve in similar applications of photo detectors like charge-
coupled devices, photoconductors, and photomultiplier tubes.

These diodes are used in consumer electronics devices like smoke detectors, compact disc players,
and televisions and remote controls in VCRs.

In other consumer devices like clock radios, camera light meters, and street lights, photoconductors
are more frequently used rather than photodiodes.

Photodiodes are frequently used for exact measurement of the intensity of light in science &
industry. Generally, they have an enhanced, more linear response than photoconductors.
Photodiodes are also widely used in numerous medical applications like instruments to analyze
samples, detectors for computed tomography and also used in blood gas monitors.

These diodes are much faster & more complex than normal PN junction diodes and hence are

frequently used for lighting regulation and in optical communications.

2.3 Resistor

2.3.1 Introduction

Resistor is electrical or electronic components which resist the flow of current across the resistor
device. The resistance to current flow results in a voltage drop acrassitter device. Resistors

are used extensively throughout electrical and electronic circuits.
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Resistor devices may provide a fixed, variable, or adjustable value of resistanastaidj
resistors are refers to as rheostats, or potentiometers. Resistor values are exp@used tine
electric resistance unit. Resistors are incorporated within an electrical or elecitmnts create a
known voltage drop or current to voltage relationship.

2.3.2 Symbol of Resistor

Resistor is a 2 terminal passive device. The symbol is given below.

R

Fig 2.3.2: Symbol of resistor

2.3.3Working of Resistor

The working of a resistor can be explained with the similarity of water flowing thraygpe.
Consider a pipe through which water is allowed to flow. If the diameter of the pipe is reduced, the

water flow will be reduced.

If the force of the water is increased by increasing the pressure, then the enebbgydrgtiipated
as heat. There will also be an enormous difference in pressure in the head and tail ergipenf the
In this example, the force applied to the water is similar to the curreninfothirough the

resistance. The pressure applied can be resembled to the voltage.
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2.3.4 Color Code of Resistor

Elacl:
Erown

Eed

Wiolet

Gray

White
Told 01 +5%
silver 001 +10%4

Hone 2004

2.3.5Typesof resistors

The most commonly used resistors all look the same. They look like a small wornolerdc

stripes on the side. There are many types of resistors available.
1. Wire-wound Resistors

Consist of a cylindrical core which is wrapped or wound with wire. The cylindrical core is
typically made from a ceramic, plastic, or fiberglass core material. The wire is a tgsestdnce
wire, such as nickel chromium. Wire wound resistors are a type of power resistor and are.accurate

Wire wound resistors are available as fixed, or adjustable to be used as a rheostat or potentiometer.
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Typical applications for wire wound resistors include device requiring high current handling

capability, heat dissipation and resistance stability and accuracy.

2. Carbon Film Resistors

A general class description for cylindrical resistors made by depositing a carbon thesurface

of a center core insulator.
3. Thin Film Resistors

A type of surface-mount film resistor with a relatively thin resistive elemsgdsured in angstroms
(millionths of an inch). Thin film resistors are made by sputtering (also kremvmacuum
deposition) a resistive material, such as nickel chromium or tantalum nitridehergorface of a
substrate.

4. Thick Film Resistor

Specially built surface-mount film resistor that carries high power fopdhiesize. For thick film
resistors, a ruthenium oxide film or metal glaze film is applied using traditional screen-printing

technology. These resistor film can be excellent high-voltage or high-power devices.
5. Carbon Composition Resistors

A type of resistor that consists of a clay, alumina, and carbon mixture that has been blended and

pressurized into a resistive core and then covered with a molded outer insulating core.
6. Metal Film Resistors

This type of resistor is made by coating with nickel chromium [NiCr]. The process of making this

resistor is similar to that of thin film resistors. The difference will be in the compounds used.
7. Fixed Resistors

A fixed resistor is one in which the value of its resistance cannot change.

8. Non-Linear Resistors

A non-linear resistor is a resistor that has resistances that vary significantly with applied voltage,

Temperature or light. Types of non-linear resistors are varistors, thermistors and photo resistors.
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2.3.6 Uses of Resistors

Though resistors can cause wastage of electricity, it has a lot of advantages andaspicatir

dalily life.

e Resistance is one of the main ingredient in the working of a light bulb. When electricity
passes through the filament of the bulb, it burns bright as it turns extremely hot due to its
smaller size. Though this mechanism wastes a lot of electricity, we are forced to use it to
obtain light. The light used nowadays are highly efficient than the atdandescent

lamps.

e The similar filament working is the main ingredient in the working of some of our usual
household stuffs like electric kettles, electric radiators, electric showers, coffee makers,

toasters, and so on.

e The application of variable resistance is also helpful to us. Our TV’s, radios, loud speakers

and so on work on this principle.

2.4 Capacitor

2.4.1 Introduction

The capacitor is a passive component and it stores the electrical energy into an electrical field. The
effect of the capacitor is known as a capacitance. It is made up of twoahosemrs and separated

by the dielectric material. If the plates are connected to the power, then the plates dediula
electric charge. One plate accumulates the positive charge and another plateahesuiimel

negative charge. The electric symbol of the capacitor is shown below.
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Fig 2.4.1: Capacitor Symbol

2.4.2 Different Types of Capacitors

1. Electrolytic Capacitor:

Generally, the electrolyte capacitors are used when the large capacitoavaltegsuired. The thin
metal film layer is used for one electrode and for the second electrode (cathode) asdmi-li
electrolyte solution which is in jelly or paste is used. The dielectric plate is a thin layer of oxide, it
is developed electrochemically in production with the thickness of the film and it is less than the

ten microns.

Fig 2.4.2:Electrolytic Capacitor

This insulating layer is very thin, it is possible to make capacitors with avahge of capacitance
for a physical size, which is in small and the distance between the two plateg ssnedl. The
types of capacitors in the majority of electrolytic are polarized, which is DC eakagpplied to

the capacitor terminal and they must be correct polarity. If the positive to the positive terminal and
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the negative to the negative terminal as an incorrect polarization will break the igsobdtie

layer and there will be permanent damage.
2. Mica Capacitor:

This capacitor is a group of natural minerals and the silver mica capacitors use thiecdi€lezre

are two types of mica capacitors which are clamped capacitors & silver mict@agzamped

mica capacitors are considered as an obsolete because of their inferior charactesisilver

mica capacitors are prepared by sandwiching mica sheet coated with metal on both dhies and
assembly is then encased in epoxy to protect the environment. The mica capacitors are used in the
design calls for stable, reliable capacitor of relatively small.

N\

Fig 2.4.3:Mica Capacitor

The mica capacitors are the low loss capacitors, used at high frequencies and th ¢apacy
stable chemically, electrically, and mechanically, because of its specific crysstiiucture
binding & it is a typically layered structure. The most common used are Muscovite and phlogopite
mica. The Muscovite mica is better in the electrical properties and the othehd&ica high-

temperature resistance.
3. Paper Capacitor:

The construction of paper capacitor is between the two tin foil sheet and they are semarated fr

the paper, or, oiled paper & thin waxed. The sandwich of the thin foils @edsghen rolled into
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the cylindrical shape and then it is enclosed into the plastic capsule. The two thin foils of the pape

capacitors attach to the external load.

Fig 2.4.4: Paper Capacitor

In the initial stage if the capacitors the paper was used in between the two foils of tlter;deac
these days the other materials like plastics are used, therefore it is called as a paiper. ddpEa
capacitance range of the paper capacitor is from 0.001 to 2.000micrasar &tk voltage is very
high which is up to 2000V.

4. Film Capacitor:

The film capacitors are also capacitors and they use a thin plastic as the di€leefilm capacitor
is prepared extremely thin using the sophisticated film drawing process. If therfimmigactured,
it may be metalized depend on the properties of a capacitor. To protect from the environmental

factor, the electrodes are added and they are assembled.

Fig2.45: Film Capacitor
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There are different types of film capacitors are available like polyester film, medafiim,

polypropylene film, PTE film and polystyrene film.
5. Non-Polarized Capacitors:

The non-polarized capacitors are classified into two types plastic foil capacitiveasttier one is
the electrolytic non-polarized capacitor.

Fig2.4.6: Non-Polarized Capacitors

The examples are the speaker crossover filters and power factor correction netwueke Itwo

applications, a large AC voltage signal is applied across the capacitor.
6. Ceramic Capacitor:

The ceramic capacitors are the capacitors and use the ceramic material agre didle ceramics
are one of the first materials to use in the production of capacitors as an insulator.

Protective Coating
Dielectric — Ceramic Disc
Electrode

Connecting Wire

Zig.7. Ceramic Capacitor
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There are many geometries are used in the ceramic capacitors and some of thencexaamic
tubular capacitor, barrier layer capacitors are obsolete because of thepasasatic effects or
electrical characteristics. The two common types of ceramic capacitors are mutidegeric
capacitor (MLCC) and ceramic disc capacitor.

2.4.3 Uses of Capacitors

Capacitors are used commonly and useful as an electronic componentiodiae circuits and
devices. The capacitor has a long history and usage with more than 250 years agaitbescaga

the oldest electronic component being studied, designed, developed and used. With further
technology, the capacitors are come up with different types based on their factors.

In this article, we are discussing the most popular and most useful types dforap@be capacitor
is a component and it has the ability to store energy in the form of elech@&glecproduces the
electrical difference across its plates and it is like a small rechargeable battery.

2.51C 7805

Voltage sources in a circuit may have fluctuations resulting in not giving fixed voltagetsut
Voltage regulator IC maintains the output voltage at a constant value. 7805 IC, a voltaderregula
integrated circuit (IC) is a member of 78xx series of fixed linear voltage regulator ICsoused t

maintain such fluctuations.

The xx in 78xx indicates the fixed output voltage it provides. 7805 IC provides +5 volksteegu
power supply with provisions to add heat sink as well. Let’s look into some of the basic ratings to

get an overview.
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2.5.178051C Rating

LM7805 PINOUT DIAGRAM

LM7805 1 —{ Lusos}— 3
input I output
2
ground

e Input voltage range 7V- 35V
e Currentrating Ic = 1A
e Output voltage range VMax=5.2V, VMin=4.8V

2.5.2 Pin Detailsof 7805 1C

PIN 1-INPUT

The function of this pin is to give the input voltage. It should be in the range tf 3%V. The
unregulated voltage is given to this pin for regulation. For 7.2V input, maxirffigiercy can be

achieved.
PIN 2-GROUND

The ground is given to this pin. For output and input, this pin is equally neutral (0V).

PIN 3-OUTRJT

This pin is used to take the regulated output. It will be 5V (4.8V-5.2V) the differeneedrethe
input and output voltage appears as heat. The greater the difference between trediopitgput
voltage, the more heat is generated. If too much heat is generated, through high ingeit thalta
regulator can overheat.
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If the regulator does not have a heat sink to dissipate this heat, it can be destcoyeadfunction.
Hence, it is advisable to limit the voltage to a maximum of 2-3 volts higher thantphg woiltage.

So the two options are, design your circuit so that the input voltage going into the regulattads lim
to 2-3 volts above the output regulated voltage or place an appropriate heat sinkgffatieatly

dissipate heat.

2.6 Light Emitting Diode (LED)

2.6.1 Introduction

The lighting emitting diode is a p-n junction diode. It is a specially doped diabmade up of a
special type of semiconductors. When the light emits in the forward biased, thealled as a

light emitting diode.

Epoxy lens/case

Wire bond

Reflective cavity

Semiconductor die

Anvil
Post

} Leadframe

7N\

Flat spot

1ol iy e

Anode f] Cathode

Fig 2.6.1: Light Emitting Diode

2.6.2 Working Principle of LED

The light emitting diode simply, we know as a diode. When the diode is forward hizesedhe
electrons & holes are moving fast across the junction and they are combining tbpnstawoving

one another out.
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Soon after the electrons are moving from the n-type to the p-type siticombines with the holes,
then it disappears. Hence it makes the complete atom & more stable and tivgilitie burst of

energy in the form of a tiny packet or photon of light.

Fig 2.6.2: Working of Light Emitting Diode

The above diagram shows how the light emitting diode works and the step by step process of the

diagram.

e From the diagram, we can observe that the N-type silicon is in red color and it contains the
electrons, they are indicated by the black circles.

e The P- type silicon is in the blue color and it contains holes, they are indicatedddytthe
circles.

e The power supply across the p-n junction makes the diode forward biased and pushing the
electrons from n-type to p-type. Pushing the holes in the opposite direction.

e Electron and holes at the junction are combined.

e The photons are given off as the electrons and holes are recombined.

2.6.3 Typesof Light Emitting Diodes
There are different types of light emitting diodes present and some of them are mentioned below.

e Gallium Arsenide (GaAsy) infra-red
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e Gallium Arsenide Phosphide (GaAsPded to infra-red, orange

e Aluminium Gallium Arsenide Phosphide (AlGaAsP)high-brightness red, orange-red,
orange, and yellow

e Gallium Phosphide (GaP)red, yellow and green

e Aluminium Gallium Phosphide (AlGaPR)green

e Gallium Nitride (GaN)- green, emerald green

e Gallium Indium Nitride (GalnN})- near ultraviolet, bluish-green and blue

e Silicon Carbide (SiC) blue as a substrate

e Zinc Selenide (ZnSe) blue

e Aluminium Gallium Nitride (AlGaN)- ultraviolet

2.6.4 LED Working Principle

A Led consists of two semiconducting materials p-type material and n-type matedahrigacting
these two types of materials, a p-n junction forms. When p-n junction isrtbbresed, the majority
carriers either electrons or holes start moving across the junction. As shibwriigure above, the

electrons start moving from the n region and the holes start moving from the p region.

When they moved from their regions they start to recombine across the depletion region. Free
electrons will remain in the conduction band of energy level while holes remain ingheevhand

of energy level. The Energy level of the electrons is high than holes because electromeare m
mobile than holes i.e. current conduction due to electrons are more. Duringaimdirestion of
electrons and holes, some portion of energy must be dissipated or emitted in the form of heat and
light.

The phenomenon into which light emitted from the semiconductor under the influencetraf elec
field is known as electroluminescence. Always remember that the majority ofslighdtduced

from the junction nearer to the p-type region. So diode designing is done in such a way that this
area is kept as close to the surface of the device to ensure that the mamnowmt of light is

absorbed.

22
© Daffodil International University



............ g bardd gap
e {forbidden band)

— valence band

Fig 2.6.4: Working Principle of LED

The electrons dissipate energy in different forms depends on the nature of the diode used. Like for
silicon and germanium diodes it dissipates energy in the form of heébragallium phosphide

(GaP) and gallium arsenide phosphide (GaAsP) semiconductors, it dissipates ereargiify
photons. For the emission of different colors different semiconductors are ugglldgghorus for

a red light, gallium phosphide for green light and aluminum indium gallium phosphigelfow

and orange light.

2.6.51-V Characteristicsof LED

There are different types of light emitting diodes are available in the market and there are different
LED characteristics which include the color light, or wavelength radiation, light itytefibe

important characteristic of the LED is color.

In the starting use of LED, there is the only red color. As the use of LED is increased with the help
of the semiconductor process and doing the research on the new metals for LED, the aiftesent ¢

were formed.
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Fig 2.6.5: |-V Characteristics of LED

The following graph shows the approximate curves between the forward voltage and the current

Each curve in the graph indicates the different color.

2.6.6 Advantages of LED lights
Easily controlled and programmed.
Large Life span.

High efficiency.

Low radiated heat.

High levels of brightness and intensity.
High reliability.

Low voltage and current requirements.
Less wiring required.

Low maintenance cost.

Instant lightning.

The intensity of the LED differs with the help of the microcontroller.
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2.7 Relay

2.7.1 Introduction

A relay is an electrically operated switc@urrent flowing through the colil of the relay creates a
magnetic field which attracts a lever and changes the switch contacts. The coil current can be on
or off so relays have two switch positions and most have double throw (changeover) switch

contacts as shown in the diagram.

[

O
T nibtve
I NC

Figure 2.7.1 Circuit symbol of Relays

Relays allow one circuit to switch a second circuit which can be completely separate frost.the fir
For example a low voltage battery circuit can use a relay to switch a 230V AC mains circuit. There
is no electrical connection inside the relay between the two circuits, the link is magnetic and

mechanical.

2.7.2 How Relays Work

Relays are switches that open and close circuits electromechanically or electronidalyg. Re
control one electrical circuit by opening and closing contacts in another circuitagsli@grams

show, when a relay contact is normally open (NO), there is an open contact when tienetay
energized. When a relay contact is Normally Closed (NC), there is a closed contact when the relay
is not energized. In either case, applying electrical current to the contdatbamige their state.

Relays are generally used to switch smaller currents in a control circdbarat usually control

power consuming devices except for small motors and Solenoids that draw low amps. Nonetheless,
relays can "control" larger voltages and amperes by having an amplifyirg béfeause a small

voltage applied to a relays coil can result in a large voltage beingheditay the contacts.
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Protective relays can prevent equipment damage by detecting electrical abnormalities, including
overcurrent, undercurrent, overloads and reverse currents. In addition, relays aideisased

to switch starting coils, heating elements, pilot lights and audible alarms.

2.7.3 Advantages of relays:

1. Relays can switch AC and DC, transistors can only switch DC.

2. Relays can switch higher voltages than standard transistors.

3. Relays are often a better choice for switching large curfebid).

4. Relays can switch many contacts at once.

Disadvantages of relays:

1. Relays are bulkier than transistors for switching small currents.

2. Relays cannot switch rapidly, transistors can switch many times per second.
3. Relays use more power due to the current flowing through their coil.

4. Relays require more current than many ICs can provide, so a low power transistor magdbe need

to switch the current for the relay's coil.

2.8 Battery

2.8.1 Introduction

An electric battery is a device consisting of one or more electrochemical cells with external
connections provided to power electrical devices such as flashlights, smartphones, and electric
cars. When a battery is supplying electric power, its positive terminal is the cathodenagdtitze

terminal is the anode. The terminal marked negative is the source of electrons that when connected

to an external circuit will flow and deliver energy to an external device. When exrybatt
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connected to an external circuit, electrolytes are able to move as ions within, allowing thekhemic
reactions to be completed at the separate terminals and so deliver energy to the externdl circuit. |
is the movement of those ions within the battery which allows current to flow out of the battery to
perform work. Historically the term "battery" specifically referred to a device composed of
multiple cells, however the usage has evolved additionally to include devices composed of a single
cell.

2.8.2 Working principle of battery

Electricity, as you probably already know, is the flow of electrons through a conductivekpath li
a wire. This path is called a circuit.

Batteries have three parts, an anode (-), a cathode (+), and the electrolyte. The cathoodeand a
(the positive and negative sides at either end of a traditional battery) are hooked aletdrial
circuit.

Figure 2.8.2 working principle of battery

The chemical reactions in the battery causes a buildup of electrons at the anode. This results in an
electrical difference between the anode and the cathode. You can think of this difference as an

unstable build-up of the electrons. The electrons wants to rearrange themselves to get rid of this
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difference. But they do this in a certain way. Electrons repel each other and try to go ® a plac

with fewer electrons.

In a battery, the only place to go is to the cathode. But, the electrolyte keeps the electrons from
going straight from the anode to the cathode within the battery. When the circuit is closed (a wire
connects the cathode and the anode) the electrons will be able to get to the cathode. In the picture
above, the electrons go through the wire, lighting the light bulb along the way. This is one way of

describing how electrical potential causes electrons to flow through the circuit.

However, these electrochemical processes change the chemicals in anode and cathode to make
them stop supplying electrons. So there is a limited amount of power available in a battery.

When someone recharge battery, then change the direction of the flow of electrons using another
power source, such as solar panels. The electrochemical processes happen in reverse, and the anode
and cathode are restored to their original state and can again provide full power.

2.8.3 Storeenergy in a battery

A battery for the purposes of this explanation will be a device that can store energy in alchemic

form and convert that stored chemical energy into electrical energy when needed.

Energy cannot be created or destroyed, but it can be saved in various forms. One way to store it is
in the form of chemical energy in a battery. When connected in a circuigyestared in the

battery is released to produce electricity.

In a solar panelSolar panels cannot produce energy at night or during cloudy periods. But
rechargeable batteries can store electricity: the photovoltaic panels charge the bafttgrihdu

day, and this power can be drawn upon in the evening.
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2.9 Solar panel

2.9.1 Introduction

Solar panels are devices that convert light into electricity. They are called "solas' pac&use
most of the time, the most powerful source of light available is the Sun, called Sol by astronomers.

Some scientists call them photovoltamrsich means, basically, "light-electricity.”

Figure 2.9.1 Solar panel

A solar panel is a collection of solar cells. Lots of small solar cells spread over a large area can
work together to provide enough power to be useful. The more light that hits a cell, the more
electricity it produces, so spacecraft are usually designed with solar panels that can always b
pointed at the Sun even as the rest of the body of the spacecraft moves around, much as a tank
turret can be aimed independently of where the tank is going. DS1's solar cells are even more
efficient than regular solar panels made for satellites because they use solar concentrators.

The solar panels are made of solar cells. A cell is a small disk of a semiconductor like silicon. They
are attached by wire to a circuit. As light strikes the semiconductor, light is converted into
electricity that flows through the circuit. As soon as the light is removed, the solar cell stops

producing.
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2.9.2 Theory and Construction

Photovoltaic modules use light energy (photons) from the Sun to generate electricity through
the photovoltaic effect. The majority of modules use wafer-based crystalline silicon cells or thin
film cells. The structural (load carrying) member of a module can either be the top layer or the
back layer. Cells must also be protected from mechanical damage and moisture. Most modules are
rigid, but semi-flexible ones are available, based on thin-film cells. The cells must be connected
electrically in series, one to another. Externally, most of photovoltaic modules

use MC4connectors type to facilitate easy weatherproof connections to the rest of the system.

Modules electrical connections are made in series to achieve a desired output voltage and/or in
parallel to provide a desired current capability. The conducting wires that take the current off the
modules may contain silver, copper or other non-magnetic conductive transition metals.
Bypass diodes may be incorporated or used externally, in case of partial module shading, to

maximize the output of module sections still illuminated.

Some special solar PV modules include concentrators in which light is focused by lenses or mirrors
onto smaller cells. This enables the use of cells with a high cost per unit area (such as gallium

arsenide) in a cost-effective way.

2.9.3 Working principle of solar panel

A solar concentrator uses lenses, called Fresnel lenses, which take a large area of sunlight and
direct it towards a specific spot by bending the rays of light and focusing them. Some people the
same principle when they use a magnifying lens to focus the Sun's rays on a pile of kindling or

paper to start fires.
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Figure: 2.9.3 working principle of Fresnel lenses

Fresnel lenses are shaped like a dart board, with concentric rings of prisms around a lens that's a
magnifying glass. All of these features let them focus scattered light from the Sun into a tight

beam.

Solar concentrators put one of these lenses on top of every solar cell. This makes much more
focused light come to each solar cell, making the cells vastly more efficient. Concentrators work
best when there is a single source of light and the concentrator can be pointed right aisit. This
ideal in space, where the Sun is a single light source.

The solar concentrators also have the advantage that the solar cells can be spaced farther apart
since light can be focused on each cell. This means fewer solar cells need to be made and the
panels cost less to construct. In addition, engineers can now put thick glass or plastic over the
solar panel to protect it from micrometorites, something they would have a hard time doing if they
had to worry about allowing enough light to reach the solar cells. Fresnel lenses ncav®bed

since Augustin Jean Fresnel invented them in 1822. Theaters use them for spotlights and
lighthouses use them to make their lights visible at greater distances.
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2.9.4 Efficiency

Depending on construction, photovoltaic modules can produce electricity from a range
of frequencies of light, but usually cannot cover the entire solar range. Hence, much of the
incident sunlight energy is wasted by solar modules, and they can give far higher efficiencies if
illuminated with monochromatic light. Therefore, another design concept is to split the light into
different wavelength ranges and direct the beams onto different cells tuned to those ranges. This
has been projected to be capable of raising efficiency by 50%. Scientists from Spectrolab, a
subsidiary of Boeing, have reported development of multi-junction solar cells with an efficiency
of more than 40%, a new world record for solar photovoltaic cells. The Spectrolab scientists also
predict that concentrator solar cells could achieve efficiencies of more than 45% or even 50% in

the future, with theoretical efficiencies being about 58% in cells with more than three junctions.

Efficiencies of solar panel can be calculated by MPP (maximum power point) value of solar panels.
Solar inverters convert the DC powerA€ power by performing MPPT process: solar inverter
samples the output Power (I-V curve) from the solar cell and applies the proper resistance (load)
to solar cells to obtain maximum power. MPP of the solar panel consists of MPP voltage and MPP
current.it is a capacity of the solar panel and the higher value can make higher MPP.
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Table 2: Daily Average of Bright Sunshine Hours at Dhaka City

Month Daily Mean Maximum Minimum
January 8.7 9.9 7.5
February 9.1 10.7 7.7
March 8.8 10.1 7.5
April 8.9 10.2 7.8
May 8.2 9.7 5.7
June 4.9 7.3 3.8
July 5.1 6.7 2.6
August 5.8 7.1 4.1
September 6.0 8.5 4.8
October 7.6 9.2 6.5
November 8.6 9.9 7.0
December 8.9 10.2 7.4
Average 7.