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ABSTRACT

This report is based on the 'Solar Cooling System' project that has been implemented.

The report will give an overview to all the processes and constructions of project

work. The main objective of this project is to provide cooling in the car by using solar

power.

Hot day and high temperature will give uncomfortable situation to most people,

especially when they get into their car after parking for several hours in open space.

The person could not even hoid the steering or sit comfortably on the seat because the

things are already heat up. They also feel hot when they open the window during the

car moving for saving the fuel or the air conditioning is not functioning. In order to

reduce the high temperature, this project will utilize the solar (photovoltaic) energy as

a source to the cooling system in a car. The solar (photovoltaic) energy will charge

the battery instead of activating the system. The battery will be used as a back up

when solarenergy is not sufficient and generates otherelectronic devices in the car. A

thermistor that contains in control unit will be used to sense the temperature

difference. When the temperature has reached to the temperature that has been set, the

cooling system will turn on in order to reduce the temperature inside the carand suck

the hot air out. The research and design stage will be complete during the first

semester and construction stage will be done during the second semester. The

analysis of cooling system to the real application will also be carried out to fulfill the

design requirement instead of improving it.
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CHAPTER 1

INTRODUCTION

1.1 Background of Study

The sun, is a source of practicallyunlimited energy, most of which is wasted but

nevertheless provides with millions of kilowatts of power, to keep warm, and grows all

the food. Nowadays solar power has become one ofthe energy for human life. The

demands for solar power are increasing and still continue.

Solar power is used in two primary forms, which are thermal solar, where the heat of

the sun is used to heat water or another working fluid, which drives turbines or other

machinery to create electricity; and photovoltaic, where electricity is produced directly

from the sun with no moving parts. Photovoltaic panel is the example which produces

electricity directly from the sun.

Photovoltaic power is one of the most promising renewable energy sources in the world.

It's totally non-polluting, safe, has no moving parts to break down, and does not require

much maintenance.

On top of it, photovoltaic power has been used in many applications for daily usage. For

example it has been used for lighting, to run electronic devices and others. As in this

project, it will be utilized to energize the cooling system in a car.

The cooling system in a car will provide a comfortable condition for the passenger in a

car and decrease the high temperature. It is energy free, cheap and cost saving because

the system will straight away use the photovoltaic power.

The solar cooling system ofa car project is more on conceptual design ofelectronic

circuit to provide cooling energized by photovoltaic power. In the first semester, research

and design are implemented. The circuit assemblage, construction of the prototype and

circuit installation in the prototype will be completed in second semester.
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1.2 Problem Statement

People park their cars at the open space which are exposed to the sunlight. From the

study that has been done, it is shown that the temperature inside the car will reach until

40°C and above. The high temperature inside the car will make an uncomfortable

condition to the passengers whenever they get into their car. Because of that, the person

feels uncomfortably to sit in the car even hold the steering of the car. Usually the

temperature inside the car is higher than the temperature outside the car because the car

is fully sealed. The car will absorb the heat and the heat will accumulate. Although there

is an air conditioner, it will only cool inside the car after a few minutes after it was

turned on. In order to overcome these problems, this project will design a temperature

controller circuit that will be used to cool down or reduce the temperature inside the car

to normal room temperature.

Instead of that the system also can be used during the car moving. For energy saving, the

passenger will turn off the air conditioner and open the car window. As the temperature

has reached to the certain amount of temperature that has been set, the system will turn

on. This will provide more cooling inside the car for the benefit of the passenger. If the

cooling is already sufficient, and the temperature already drops from its set point, the

system will automatically off. The passenger also can always turn off the system

manually if the cooling is not needed.

1.3 Objectives

The objectives of this project are:

♦ To study and design a coolingsystemthat utilize the solar energy

♦ To study the battery operation in photovoltaic operation

♦ To constructa prototype of coolingsystem in a car by using solar

♦ To come out with a design which is energy saving and cost effective
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1.4 Scope of Study

Due to constrain in time frame allocated and to ensure this project will be successfully

done; the scope of study for this project will be limited within the following area:

o The photovoltaic system and its operation

o Battery operation in photovoltaic operation(storage)

o Circuit design and its assemblage

o Prototype design and construction

o Analysis on cooling system to the real application

20



CHAPTER 2

LITERATURE AND THEORETICAL REVIEW

2.1 The Photovoltaic System

The solar cooling system of a car will consist of solar photovoltaic (PV) panel, battery as

power storage, a control unit which consists of calibration and output circuit, and the

output which are the fan and temperature display. The solar photovoltaic (PV) panel will

collect the solar energy and convert it to electrical energy - the direct current (DC). The

amount of conversion is depends on the intensity of sunlight. This means that, if the day

is brighter, the more electrical energy will be produced. The dc current will straightaway

energize the cooling system in the car. Instead of energizing the circuit, the photovoltaic

power also charges the battery and stores the excess energy in the battery. The electrical

energy in the battery is used to energize the controlling unit if the photovoltaic power is

not sufficient and also use to generate other electronic devices in the car. Generally the

photovoltaic system consists of a number of subsystems which shown in Figure 1:

1) The solar panel with sun tracking system

2) Batteries (power storage)

3) Control unit, including temperature sensor for temperature difference

measurement

4) The output which provide cooling and monitoring, which are the fan and

temperature display.
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SOLAR (PV) PANEL

BATTERY STORAGE

<J7

CONTROL UNIT

FAN SEVEN SEGMENT DISPLAY

Figure 1 : Cooling System Flow Chart

2.2 Solar Photovoltaic (PV) Panel

ASolar Photovoltaic (PV) isthe most benign method ofpower generation today. The PV

produces absolutely no emission and uses the unlimited resource of the free sunshine as

its fuel. Since sunshine is available everywhere whenever there is a sun, the PV

applications have no boundary. The PV system also has no moving part. Thus the

operation of a PV system is very quiet, clean and requires almost no maintenance.

Today, most PV modules are guaranteed to last between 20 to 30 years. Solar

Photovoltaic (PV) is made of semiconductor material, most commonly silicon. Solar

Photovoltaic (PV) Panel works on the principle of the photovoltaic effect. The

photovoltaic effect is the conversion of sunlight (photon) directly into electricity. This

occurs when the PV cell is exposed to the light (photon) and struck by the sunlight

(photon). The electrical charges are generated and this can be conducted away by

22



electrical conductor as direct current (d.c). The 'freeing' silicon electrons to travel from

the PV cell, through electronic circuitry, to a load. Then they return to the PV cell, where

the silicon recaptures the electron and the process is repeated. The effect of photovoltaic

is shown in figure 2.

Lights

(photons)

Negative Layer

External Circuit

Positive Layer

Figure2 : Principle of Operation

Application

1
Electronic

Circuitry

2.2.1 Solar Photovoltaic Theory

Asolar PV module ismade up ofseveral solar cells. Each solar cell consists oftwo type

semiconductors, which are P typeand N type.

(*blue - electron; red- electron holes)

Figure 3 : Sun strikes the semiconductor
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The operationstarts when sunlight strikes the semiconductors, pairs of electrons(-) and

electron holes (+) are produced.

Figure 4 : Electrons and electron holes attractedto P and N semiconductor

The electrons (-) are attracted to the Ntype semiconductor and the electron holes (+) are
attracted to the Ptype semiconductor. Because the contact surface between the Ntype
and Ptype semiconductor are one way route, once they are attracted tothe

semiconductor they cannot return.

Figure 5 : Electrons overflow

When the Ntype semiconductor has become filled with electrons (-), they overflow into

the conductor and move towards the Ptype semiconductor, causing acurrent to flow and
the energy inthe solar radiation isconverted into electrical energy inthe circuit.

The efficiency of photovoltaic conversion is limited by the relationships between the
photon energies and the energy gap in the semiconductor. Photons in theultra-violet and

visible regions of the solar spectrum have energies greater than the energy gap, so only
part of their energy is converted into electrical energy by the creation of electron-hole

pairs. The excess energy is dissipated as heat. Photons in the near infra-red with

wavelengths 0.7 urn to 1.1 urn have energies only slightly greater than the energy gap, so
most of their energy is converted into electricity. Near infra-red photons with
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wavelengths greater than 1.13 um have energies less than the energy gap and cannot

produce electron-hole pairs, so they cannot contribute to the electrical energy output of

the solar cell. Taking these facts into consideration it is found that anupper limit to the

efficiency of a silicon solar cell is 45%. However, recombination of electrons and holes

before they are completely separated reduces the attainable efficiency still further to
about 20%.

2.2.2 Solar Cell Materials

Syn light

QCover giati 0NtypeSI
© Antireflectlve coating 0 P-type SI
0 Contact grid Q Back contact

Figure 6 : Basic structure of a generic silicon PVcell

Semiconductor? behave partly as insulators and partly asconductors. Atoms ina

semiconductor easily lose one oftheir electrons, allowing another from anearby atom to
replace it. Semiconductors are significant because the flowof electrons can be

controlled. Germanium, copper oxide, and silicon are allmaterials, which can be used to

create semiconductors. Over 95% ofthe solar cells formed globally are made up ofthe
semiconductor, Silicon. Silicon cells are about 10 cm x 10 cm until recently. Aclear

anti-reflection film shields thecellandreduces reflective loss on thecell surface. The

usable voltage from solarcellsdepends on the semiconductor material. Thesemi

conductor silicon creates amounts equalto abouta 0.5Volt.

The conductivity ofasemiconductor is clearly affected by slight amounts ofimpurity.
There are anumerous materials suitable for producing these semi-conducting layers, and
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each has its benefits and drawbacks. There is no one ideal material for all types of cells

and applications. Solar cells have an electrical contact to collect electrons from the

semiconductor. It then moves the electrons to the external load, and then they transfer to

the back of the contact-layer to complete the electrical circuit. On top of the complete

cell is typically a glass cover to seal the cell and to keep the weather out, and an anti

reflective coating to keep the cell from reflecting the lightbackaway from the cell. A

typical solar cell consists of a cover glass, ananti-reflective layer, a front contact to

allowthe electrons to entera circuit, p-layer, n-layer, and then the semiconductor.

2.2.3 Solar Radiation

Solar Radiation in Malaysia

Aheavy rainfall, constantly high temperature and relative humidity characterize the

Malaysian climate. Muchof the precipitation occurs as thunderstorms and the normal

pattern is one ofheavy falls within a short period. Generally, chances ofrain falling in

the afternoon or early evening are high compared with that in the morning. The country
experiences more than 170 rainy days; however, an area may have a greater number of

rainy days and yet receive a lesser amount ofrain ina year than another area with

smaller number ofrainy days but receiving its rain in heavy spells. Ambient temperature
remains uniformly high over the country throughout the year. Average ambient

temperatures are between 26.0 to 32.0 °C. Most locations have arelative humidity of80

- 88%, rising to nearly 90 %in the highland areas, and never falling below 60%.

The monthly average daily solar radiation in Malaysia is 4000 - 5000 Whr/m , with the

monthly average daily sunshine duration ranging from 4hr to 8hr (Sopian and Othman,
1992). It is also estimated that the total solar energy received inayear is 16 times the
Malaysian annual conventional energy requirement.

Most places inMalaysia recorded normal solar radiation except the highland areas of

east Perak &southwest Kelantan and Perlis had slightly below normal solar radiation,

where as northeast Sarawak had slightly above normal solar radiation. In Figure 7

shown below, most places in Peninsular Malaysia recorded solar radiation ranging from
14 to 20 MJm"2 per day whereas the whole Sabah &Sarawak recorded 16 MJm'2 to 23
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MJm"2 per day. The lowest solar radiation is between 11 MJm"2 to 14 MJm"2 per day was
recorded over the highland areas ofsoutheast Perak, northwest Pahang & southwest

Kelantan. However, the highest daily solar radiation ofbetween 22 and 23 MJm"2 was

recorded over most parts ofSabah.

Figure 7 : MeanDaily Solar Radiation(MJm )

Ideally, the orientation ofa photovoltaic panel must face south towards the equator, but

Malaysia being close to the equator offers an advantage for innovative architectural

ecstatic andsensible design with varieties oforientations and shading considerations.

Table 1shows theestimates for the annual energy yield from photovoltaic installations

located at the various locations. Asolar photovoltaic installation inMalaysia would

produce energy of about 900 - 1400 kWh/kWp peryear depending onthe locations.

Areas located at the northern and middle part of the Peninsular and the coastal part of

Sabah and Sarawak would yield higher performance. An installation inKuala Lumpur

would yield around 1100 kWh/kWp per year(Alamsyah etal9 2004).
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Locations Penang Ipoh Johore

B a ru

Kuala

Lumpur
Kota Bam

Energy
yield

12S6 1255 1171 1132 1229

Locations Kota

Kinobalu

Kuala

Trengsanu

Kucliing Bandar

Bam Bansi

Kuautan

Energy
yield

1369 1235 1157 1072 1154

Table 1 : Estimates ofAnnual Energy Yield for Various Locations in Malaysia

Solar Radiation Characteristic

A PV module would generate d.c. electricity whenever it isexposed to direct sunshine.

The amount ofpower generated is proportional to the intensity ofthe solar radiation, but

it could be affected by ambient temperature. A100WP solar PV module would produce
100Wd.c. power at Standard Test Condition (STC), i.e. atdirect exposure to 1000W/m2 of

solar radiation with air mass of 1.5AM and the PV cell temperature is at25°C. However,

this ideal condition is difficult to achieve. Intropical climate country such as in

Malaysia, the maximum solar radiation istypically between 800W/m2 to 1000W/m2, but

the ambient temperature could-be as high as 40°C atnoon, resulting ina 60°C PV cell

temperature. Hence, the 100Wp PV would only produce a maximum of80Wdc. power at

times. Graphs below show the relationship between solar radiation and PV power output

(AC) versus time and PV cell temperature with ambient temperature versus time.
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Figure 8 : Graphs for Solar Radiation and PV power output (AC) versus time

V cell temperature
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Figure 9 : Graphs for PV cell temperature and Ambient temperature versus
time
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2.2.4 Solar Panel Construction

The most important material for solar panel production is silicon. At the time being it is

almost the only material used for solar cell mass production. As the most often used

semiconductor material it has some important advantages:

> In nature it can be easily found in largequantities. Siliconoxide forms 1/3 ofthe

Earth's crust.

> It is not poisonous, and it is environment friendly, its waste does not represent

any problems.

> It can be easily melted, handled, and it is fairly easy formed into mono-

crystalline form.

> Its electrical properties with endurance of 125°C allow the use of silicon

semiconductor devices even in the mostharshenvironment and applications.

The solar panel must go through certain process before it can be used. A figure 10show

howthe solarsilicon is madeintoa solarenergy module or solar panel is made:

Silicon Ingot
Grating

,--i

Figure 10 : Solar Panel Construction
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2.-2.5 Solar Cells, Solar Panel and Solar Array

A solar panel or solar module consists of many solar cells. Solar cells capture the sun's

energy and change it to electricity. Inside a solar panel, each cell contains silicon, an

element found in sandthat absorbs sunlight. Theenergy in this absorbed lightproduces a

small electrical current. Metal grids around the solar cells direct the currents into wires

that lead to the power controls. The solar cells are then combined to be solar panel. One

or more solar panels will produce solar array which convert sunlight into clean solar

electricity. PV is short for Photovoltaics, which means electricity from light. The solar

panels need to be located facing the sun and avoiding shade for best results to generate
DC power.

Cell Panel

Array

Figure 11 : Solar cell, modules, panel and array
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2.2.6 TypesofSolar (PV) Cell

There are more than four types of solar cells that normally used today. The different

types of solar cells are because of on how the silicones are made into cells. These are the

general types of solar (PV) cells:

1. Monocrystalline Silicon Cells:

Figure 12 : Monocrystalline SiliconeCell

Made using ceils saw-cut from a single cylindrical crystal of silicon, this is the most

efficient of the photovoltaic (PV) technologies. The principle advantage of
monocrystalline cells are their high efficiencies, typically around 15%, although the

manufacturing process required to produce monocrystalline silicon is complicated,
resulting inslightly higher costs than other technologies.

2. Multicrystalline Silicon Cells

Figure \ 3 : Multicrystalline Silicon Cell

It is made from cells cut from an ingot of melted and recrystallised silicon. In the

manufacturing process, molten silicon iscast into ingots of polycrystalline silicon; these

ingots are then saw-cut into very thin wafers and assembled into complete cells.
Multicrystalline cells are cheaper to produce than monocrystalline ones, due to the

simpler manufacturing process. However, they tend to be slightly less efficient, with

average efficiencies of around 12%., creating a granular texture.
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3. Thick-film Silicon

Figure 14 : Thick-film Silicon

Another multicrystalline technology where the silicon is deposited in a continuous

process onto a base material giving a fine grained, sparkling appearance. Like all

crystalline PV, this is encapsulated in a transparent insulating polymer with a tempered
glass cover andusually bound into a strong aluminium frame.

4. Amorphous Silicon

Figure 15 : Amorphous Silicon

Amorphous silicon cells are composed of silicon atoms in a thin homogenous layer
rather than a crystal structure. Amorphous silicon absorbs light more effectively than
crystalline silicon, so the cells can be thinner. For this reason, amorphous silicon isalso

known as a "thin film" PV technology. Amorphous silicon can be deposited on a wide
range of substrates, both rigid and flexible, which makes it ideal for curved surfaces and

"fold-away" modules. Amorphous cells are, however, less efficient than crystalline
based cells, with typical efficiencies of around 6%, but they are easier and therefore

cheaper to produce. Their low cost makes they ideally suited for many applications
where high efficiency is not required and low cost is important.
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5. Other Thin Films

A number of other promising materials such as cadmium telluride (CdTe), EFG, copper

indium diselenide (CIS), Hybrid Silicon (HIT) are now being used for PV modules. The

attraction of these technologies is that they can be manufactured by relatively

inexpensive industrial processes, certainly in comparison to crystalline silicon

technologies, yet they typically offer higher module efficiencies than amorphous silicon.

New technologies based on the photosynthesis process are not yet on the market.
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2.3 Battery Storage

5 8005

Figure 16 : Yokohama Sealed Lead Acid

The second part inthe subsystem is battery storage. Battery storage is used as a back

up when solar panel doesn't provide sufficient energy to the control unit. Besides, the

battery alsocanbe used to generate otherelectronic devices in the car. Batteries store

the electrical energy generated by the modules during sunny periods, and deliver it
whenever themodules cannot supply power.

Normally, batteries are discharged during the night orcloudy weather. But if the load

exceeds the array output during the day, the batteries can supplement the energy
supplied by the modules. The interval which includes one period ofcharging and one

ofdischarging is described as a "cycle." Ideally, the batteries are recharged to 100%
capacity during the charging phase of each cycle. The batteries must not be

completely discharged duringeachcycle.

No single component in a photovoltaic system is more affected by the size and usage
ofthe load than storage batteries. Ifa charge controller is not included in the system,
oversized loads or excessive Use can drain the batteries charge to the point where
they are damaged and must be replaced. Ifa controller does not stop overcharging,
the batteries can be damaged during times of low orno load usage or long periods of
full sun. For these reasons, battery systems must be sized to match the load. In

addition, different types and brands of batteries have different "voltage set point
windows." This refers to the range ofvoltage the battery has available between afully
discharged and folly charged state. As an example, a battery may have a voltage of14
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volts when fully charged, and 11 when fully discharged. Assume the load will not

operate properly below 12 volts. Therefore, there will be times when this battery

cannot supply enough voltage for the load. The battery's voltage window does not

match that of the load.

There are many types of battery that available in the market. In this project, the

battery that has been used in this project is sealed lead acid from Yokohama.

2.3.1 Performance

The performance of storage batteries is described two ways. These are the amp-hour

capacity, and the depth of cycling.

I) Amp-hour capacity

The first method, the number of amp-hours a battery can deliver, is simply the

number of amps of current it can discharge, multiplied by the number of hours it can

deliver that current. Designers use amp-hour specifications to determine how long the

system will operate without any significant amount of sunlight to recharge the

batteries. This measure of "days of autonomy" is an important part of design
procedures.

Theoretically, a 200 amp-hour battery should be able to deliver either 200 amps for

one hour, 50 amps for 4 hours, 4 amps for 50 hours, orone amp for 200 hours. In this

project, the battery is 1.3 Amp for one hour orI Amp for 1.3 hour. This is not really

the case, since some batteries, such as automotive ones, are designed for short periods
of rapid discharge without damage. However, they are not designed for long time
periods of low discharge. This is why automotive batteries are not appropriate for,
and should not be used in, photovoltaic systems. Other types ofbatteries are designed

for very low rates ofdischarge over long periods of time. These are appropriate for
photovoltaic applications.

Charge and discharge rates

If the battery ischarged ordischarged ata different rate than specified, the available

amp-hour capacity will increase or decrease. Generally, if the battery is discharged at

a slower rate, its capacity will probably be slightly higher. More rapid rates will

generally reduce the available capacity. The rate ofcharge or discharge is defined as
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the total capacity divided by some number. For example, a discharge rate of C/20

means the battery is being discharged at a current equal to l/20th of its total capacity.

In the case of a 400 amp-hour battery, this would mean a discharge rate of 20 amps.

Temperature

Another factor influencing amp-hour capacity is the temperature of the battery and its

surroundings. Batteries are rated for performance at 80°F. Lower temperatures

reduce amp-hour capacity significantly. Higher temperatures result in a slightly

higher capacity, but this will increase water loss and decrease the number of cycles in

the battery life

2) Depth of discharge

Thesecond description of performance is depth of discharge. Thisdescribes how

much ofthe total amp-hour capacity ofthe battery is used during a charge-recharge

cycle. As an example, "shallow cycle" batteries are designed todischarge from 10%

to 25% oftheir total amp-hour capacity during each cycle. In contrast, most "deep

cycle" batteries designed for photovoltaic applications are designed to discharge up to

80% oftheir capacity without damage. Manufacturers ofdeep cycle "Ni cad" batteries

claim their product can be totally discharged without damage. Even deep cycle

batteries are affected by the depth ofdischarge. The deeper the discharge, the smaller

the number ofcharging cycles the battery will last (Figure 17). They are also affected
bythe rate of discharge and their temperature.
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2.3.2 Batteries in series and Parallel

Batteries, like photovoltaic cells, can be connected in series to increase the voltage.

They can be connected in parallel to increase the amp-hour capacity of the battery

system. Interconnected groups of batteries are usually called "battery banks". Figures

below show how the batteries are interconnected.

Connecting batteries in both series and parallel will increase the voltage and the amp-

hour capacity. The connections and wiring of the batteries plays a large role in how

well the batteries are treated. The quality and method of wiring these systems is very

important to maintain acceptable battery health and lifetime. A large voltage drop in

the system between the battery and the battery charge controller will change how the

battery charge controller operates. This voltage drop, measured during full charging

rates, will reduce the voltage regulation setpoint the battery ischarged to and reduce

the capacityand lifetime of the battery.

PA RAH. El SERIES

SCRItS PARALLEL

Figure 18 : Batteries Connected in Series, Parallel, and Series-Parallel
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2.4 Control Unit

Figure 19 : Control unit circuit

Control Unit is the most important subsystem inthe cooling system. The control unit

will sense the temperature difference in the circuit and starts cooling. The control unit

comprises oftwo parts ofcircuits which are calibration circuit and output circuit.

2.4.1 Calibration circuit

Figure 20 : Calibration Circuit Connection

Calibration circuit is use to sense the temperature difference in the car. Any increment

or decrement of temperature is sense by thermistor which can sense until 300°C. The

thermistor is also one ofa resistor type. When the temperature is high it will give a

41



high resistance and vice versa. The other main component that contains in the circuit

is LM308, precision operational amplifier. This amplifier can be able to measure over

0°C to +70°C temperature ranges. It operates with supply voltages from ± 2V to

±20V andhas sufficient supply rejection to use unregulated supply.

The precision temperature sensor LM335 is also use in the circuit. It is easily

calibrated andcalibrates between -40°C to 100°C. It operated as a twoterminal Zener

and the breakdown voltage is directly proportional to the absolute temperature at

10mV/°K. Besides, the precision voltage reference, LM329 is also included in the

circuit. It is temperature compensate 6.9V Zener reference which provide stability

over time and temperature. Ithas very low dynamic impedance and a wide operating
current range. Theoperating temperature range is between 0°Cto +70°C.

In order to compare the voltage before itwill activate the output, the low power dual

operational amplifiers LM358 are used. These operational amplifiers are use as

comparator. They compare the incoming voltage with the reference voltage. The
output will only activate if the input voltage is the same with reference voltage or
more. The operational amplifier consist of two independent, high gain and can

operated from as single supply over a wide range of voltages which is from 3V to

32°V. All ofthese components that have been used in the circuit are come in chip
sizedpackage except for thermistor.

2.4.2 Output Circuit

Figure 21 : Seven segment display andfan

The output circuit contains ofseven segment display and fans. The seven segment
display is used to display the current car temperature and the temperature that has

been set to activate fan. The circuit contains analog to digital converter, ICL 7107
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which receive the voltage signal in analog form and convert it into digital which can

be display by seven segments. This converter comes in chip sized. The other main

components are buffers, SN7404 which contains six independent gates in a chip and

perform buffer operation before the signal in digital form goes into the seven segment

display.

The second outputs are fans. The 12V fans have two functions. The first fan is use to

blow the air into the car and the other fan will suck the air out. This operation is used

as ventilation andprovides cooling in the car. All of these outputs will activate if

only the signal from calibration circuit is received.
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CHAPTER 3

METHODOLOGY

3.1 Project Work

This final year project, the 'Solar Cooling System ofa Car" will be implemented in

duration oftwo semesters. The project will need several methods in order to complete

the task. Therefore, the project will be divided into a few stages. The distributions of

the main tasks are listed as below:

1. First semester: Literature review / research / data gathering / calculations.

2. Second semester: Design / testing /prototype / installation / analysis.

AH the tasks for this project must be based within the allocated time frame,

which is two semester. For the first semester, the project will be focused on basic

research and principle on car cooling system and circuit design. The concept of the

cooling system and how toprovide cooling by using electronic devices also should be

determined to fulfill the project requirement.

For second semester, the project will be more focused on circuit assemblage,

prototype construction and circuitry installation in the prototype. The project will

continue with detailed analysis of the performance of cooling system which will

include the key elements of project. The ideas from research and all the theories of

the projectwill be apply in this semester.
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Figure 22 : Project FlowChart
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3.2 Literature Review and Research

Literature review and research should be done before doing the project. It is done by

seeking information through books, internet and journals. Literature review and

research provides important and useful knowledge for design stage. The research

included thecooling system that used for caror other application and circuit design.

3.3 Data Gathering

All the relevant information obtained from research for this project are gathered and

revised. The information is important for reference and ideas. It should be used for

later stages.

3.4 Sizing and Calculation

The determination of the component sizes, number of component used and amount of

parameter such as voltage and current that source will be supply and load will use

will be calculated during this stage.

3.5 Design

The model circuit for solar cooling system of a car must be designed first before it

can be constructed. The design software will be used to make the design job easier.

The determination circuit operation and component selection that fulfilled the design

requirement are also done during this stage. Refer to page 31 for circuit schematic

diagram.

5.5.7 Tools, Component and Software

There are several tools and component that needed to be used during

design and installation stage. AH the tools, material and software listed

below are defined alongthe design stages.
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Component / Tools Amount Component / Tools Amount

1. Solar Panel 1 30. 0.1 uF 1

2. Sealed Lead Acid Battery 4 31.0.047uF 1

3. 10k 5 32. 0.22uF 1

4. 102k (1%) I 33.IOOOuF 5

5. 294k (1%) 1 35. 0.01 uF 1

6. 698k (1%) 1 36.lOOpF 1

7. 4.7k 1 37. IN4001 7

8. 100k (1%) 1 38. Thermistor 1

9. 50k 2 39. Fan (12V) 2

10. 1M 4 40. Variable Switch 1

11.24k 1 41. Seven segment display 4

12. 10k (variable) 4 42. L7805 1

13. 5k (variable) 1 43X7915 1

14.330 2 44.L7809 T

15. 150 24 45..L7815 1

\6. 10 5 46 .LED 2

17. 25k (variable) 47. ICL7I07 (A/D converter) 1

18.100k 48. SN 7404 4

19.470k 49. Diode 2

20. LM 335 50. Pin Connector 5

21.LM329B 51. Wire Connector (1 m) 4

22. LM 308 52.CrocodiIe Clip 3

23.LM358 2 53. Car Prototype 1

24. L7805

25. L7905

26. Relay (12V) 2

27.9013 2

28. lOOpF 2

29.0.01uF 2

Table 3 : ListofComponent and Tools
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Software

• Eagle Win Eng. 4.13

MATLAB

3.6 Testing

The model circuit that has been designed will be tested on the normal circuit board

(bread board) to ensure that the circuit will work. If the circuit is not working, the

circuit model will go back to design stage to modified, improvise and check the

errors. The project will only proceed to the next stage if the model circuit isworking.

3.7 Prototype

After the tested model circuit working, the circuit will transfer into the veraboard to

solder. The construction ofcarprototype is also done at this stage. The size of the car

prototype is depends on the solar panel size.

3.8 Installation

When the circuit is already soldered and the car prototype is already constructed, the

installation work is begun. The wiring of the circuit inside the car is done depend on

cararrangement. The solar panel is also putat a suitable place at thecar so that it will

more expose to the sunlight.

3.9 Analysis

The prototype ofcooling system performance will be tested and analyzed back when
the installation is done. The analysis will useMATLAB software

48



CHAPTER 4

RESULT AND DISCUSSION

4.1 The Photovoltaic System Concept

4.L1 Solar panel charging concept

Solar panel charges the battery storage instead of giving supply directly to the control

unit. The battery storage wiil give the supply back to the control unit of if the solar

panel current is not sufficient. The table below shows the tabulation of voltage and

current that will produce by solar panelduringsunny and cloudyday.

Day Voltage Current

Sunny 21V 300mA

Cloudy 17V 100mA

Table 4 : Voltage and current tabulation

From the study that has been done, the averagevoltage and current that the solar

panel can produce during normal sunny day are ±21V and ±300mA. While during

cloudy day the average voltage and current are ± 17V and ± 100mA. The voltage

andcurrent produce aredepends on the type of solar panel. The higher efficiency of

the solar panel, the more voltage and current it will produce. In thisproject, the solar

panel that has been used is Amorphous Silicon. Amorphous Siliconhas a low

efficiency which is between 5% - 8% but low incost. The suitable solar panel that

can be used for this project is Polycrystalline Silicon which has 13%- 15%

efficiency but higher in cost. This means that, one Polycrystalline Silicon solar panel

isequals to three times efficiencies of Amorphous Silicon solar panel
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Calculation

Amount of battery discharge per hour ~ 1.3AH

1. Sunny day:

Solar Charging Current - 300mA

By using formula:

Q = It

t = Q/I

-1.3Ah/ 300mA

« 4 h (hours to charge the battery)

2. Cloudy day

Solar Charging Current = 15mA

By using formula:

Q-It

t = Q/I

t- I.3A/ 100mA

« 13h (hours to charge the battery)

(* resistance is negligible)

The calculation above shows that during normal sunny day, the solar panel can fully

charge the battery up to4 hours. As for cloudy day, the time that take for solar panel

to fully charge the battery is a bit longer, whichabout 13 hours. This is because the

light intensity is low.

4.1.2 Solar panel arrangement and circuit

The solar panel must be connected to the protection circuit before it will connect to

the battery and the control unit. The protection circuit contains a blocking diode

which can prevent the overcharging current flow from solar panel to the battery. The

battery will produce a reverse flow of current to the solar panel especially at night.

This flow will drain power from batteries. The battery will damage if the protection

diode is not included. The arrangement of solar panel, batteries and protection circuit

are shown below:
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Solar Panel

W

Protection

circuit

Figure 23 : Connection to the protection circuit

Figure 24 : Protection circuit schematic

Figure 23 shows the connection between solar panel protection circuit and battery.

Diode is used in the protection circuit to stop the reverse current. Diode will only

allow the current to flow in one direction. In this circuit, diode is connected between

solar panel and batteries for protection. Batteries are then connected to the capacitor

to store the access charge. From capacitors, the wire is connected to the voltage

regulator to produce a stable output to the control unit. Basically, this is how the

source circuit connection to the control unit. The detail circuit connection and

operation ofdiode is shown at Figure 24.
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4.2 Battery Storage

4.2.1 Battery sizing

The battery stores energy from the solar panel enabling the system load to operate

when necessary. Due to the vagaries of the weather, the long periods of below

average must be allowed in order to ensure reliable operation. \n effect this means

that the battery size is calculated to allow for a certain number of days without energy

input, the system autonomy.

Several important points need to be considered:

1. The situation occur which it is not advisable to allow the battery to discharge

to 0% capacity

2. Capacity reduces with temperature

3. The effect of self discharge and charging effect may be significant

4. The battery capacity is a function ofdischarge rate

Typically, the battery can't be discharge below its 30% charge state and allow for a

10% capacity reduction in cloudy day. Thus the suitable batteries choice are sealed

acid that ideal for solar systems. Its have high charge efficiency, low self discharge

and good recovery from high discharge.

4.2.2 Battery supply

Battery needs to supply the control unit when solar panel doesn't provide a sufficient

energy. Table 3 shows the discharge current produce and the period for battery can be

used to supply the current to control unit:

Battery Capacity = 5.0 Ah

Discharge Current (A) Hours battery can be used (h)

1 5

1.25 4

1.67 3

2.5 2

Table 5 : Discharge current and hour for 5.0Ah batteries can be used
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Based on the table above, batteries can supply for 5 hours if its discharge for 1

Ampere. Other than that, the batteriescan only supply for 2 hours if its discharge for

2.5Ampere. This means that, the more current discharge, the shorter hours that battery

can stand.

4 J Control Unit

Control unit is the important part in the cooling system operation. It contains

calibration circuit which provides a signal to the output circuit and the output will

startcooling. Figure 25 shows the schematic diagram of control unit:

*«*

a

4—as

Figure 25 : Control unit circuit diagram
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4.3.1 Circuit operation

The operation of the circuit starts when the sensor (thermistor) senses the temperature

difference between two blocks, which are positive and negative. The precision

operational amplifier (LM308) will measure how fast or slow current flows from

sensor to become an output voltage. The precision temperature sensor (LM 335) will

get the voltage reading and calibrate it. Every output voltage of lOmV for operational

amplifier is equals to 1K° increment. The output from precision operational amplifier

that measures the voltage will be obtained by (LM358) operational amplifiers which

operate as comparators. The output from (LM308) precision operational amplifier

will be an inputto (LM358) comparators. The comparator will compare the voltage.

If the input voltage is the same or more than voltage reference, outputs will high,

relayswill turn on and fan will activate. If input voltage is belowthan voltage

reference, output will low,relay and fan will not activate. The voltage difference

cannot be seen, so display will be connected to show the voltage difference. The

analog to digital converter (ICL7107) will change the analog voltage reading from

output of the selector switch to C° (digital). The ICL7107 will connect with buffer

(SN7404) that will buff the signal to seven segmentdisplay. The temperature

increment and decrement will be seen at the display.

The 32V control unit circuit is using the selector circuit to show the current

temperature (surrounding temperature) and the temperature that have been set to

activate the system. This is how the switch operates:

• There are 3 selector switch to select the temperature that has been set:

1. The first switch is used to display the current temperature

2. The second switch is to show the temperature that has been set to turn

on the blowing fan.

3. The third switch is to show the temperature that has been set to turn

on the sucking fan.

After the temperature have been set by using the variable resistor, the fan will

activated regarding to the temperature that have been set. Say if the second switch

and the third switch are set to 32°C, the blowing and the sucking fan turnon equally.

But the temperature can be set at different value in order to make the fan turn on at

different time. It depends on design requirement.
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4.4 The Cooling System

4.4.1 Features

Sun shield / solar screening fabric glass Solar Panel

Control Unit

Display

Fan

Figure26 : Coolingsystem features

The implementation and construction of cooling system to a car can be modeled as in

the figure 26.At the front sideof thecar, the main component such as control unit,

temperature display and the blowing fen willbe placed. While at the backside of the

car, the sucking fan and the battery storage will beplaced. On the rooftop ofthe car,

the solar panel will bemounted for maximum exposure. The suggested glasses that

can tobeused for this system are sun shield orsolar screening fabric glasses. These

glasses can work as insulator so that the temperature inside the car will keep cooling

even though thetemperature outside is hot. This method ofcooling isknown as

passivecooling.
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4.4.2 System Operation and Comparison

NORMAL SYSTEM

Figure 27 : Normal system

The normal system will suck the outside air and blow inside the car when the intake

control level is set. Usually air intake is selected to save the energy instead of using

air conditioner and during the glass become fogged or the air inside the car becomes

stuffy. Some innovation has been made to the normal system to make the normal

system become more beneficial. There are two designs that have been suggested to be

implemented in the real system.

COOLINGSYSTEM (1st design)

Blowing fan Sucking Fan

Figure 28 : First Design

For the first cooling system design; the air intake control lever is still selected so that

the outside air is introduced and the system will operate more efficiently. Thecooling

system will operate during two conditions. The first condition is during parking
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(static) and the second condition is during the car is moving. For the first condition,

the car is parked. All the windows and doors will be closedand the temperature inside

the car started increasing. If the cooling system is set 32°C to activate, the blowing

fan and the sucking fan will turn on. The outsideair will be sucked in by the blowing

fan and it will blow inside the car. The second fan which is the sucking fan will suck

the hot air inside the car out. As for second condition, the system operates during the

car is moving. In order to save energy and cost, the windows will open by the

passenger and air conditioning is turning off. The warm or hot air will go inside the

car. If the temperature inside the car has reaching the temperature of the system has

set, the both fans will turn on. This will provide more cooling to the passenger and

energy savingbecause the system is straight awayenergize from solar. Basically that

is how the ventilation inside the car operates to provide cooling. Sun shield or solar

screening glasses are use to reflect the sunlight so that the system will not operate at

maximum efficiency and less energy consumption. It also will increase the cooling

temperature inside the car.

mlCOOLING SYSTEM (2PU design)
Blowing fan

Figure 29 :Second Design
Sucking Fan

Another design that can be used in the system is shown as in the figure 29. The

operation of the cooling system is still the same. Blowing fan has been located on the

top of the roof in the car. The reason of putting the fan at the top of the roof is

because the hot air is lighter than the cold air. The blowing fan will blow the hot air to

the bottom of the car and the hot air will be suck out by the sucking fan.
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4.4.3 Analysis

An analysis need to be done to the system so that it can be applied to the real

application. The analysis is basically to calculate thecapacity of heat to be removed

and power that needed by a car to energize the fan. This calculation is important for

battery sizing and to determine the number of fans that are going to use. The capacity

of the heat to be removed and power needed are depending on the car size. There are

two types of car that has been studied. Thefirst car that had been reviewed from

Owner's Manualproton on the specification is Proton Wira 1.3 Lxi 4 door. From the

specifications, the volume of a car is obtained. The volume is calculated in order to

determine on how much powercan be injected into the car in order to cool down the

car.

Item/ Model Proton Wira 1.3 GL

Interior Length (m) 1.825

Interior Width (m) 1.400

Interior Height (m) 1.160

Table 6 : Proton Wira 1.3 Lxi 4 door specification

The volume inside Wira is:

V-l^w^h

By using Matlab:

» 1.825* 1.400* 1.160

ans = 2.996

The approximate volume is « 2.996nr

Interior Length

Interior Width

Figure 30 : Interior Height, Length and Width for Wira
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The second car that has been reviewed on the specification is Perodua Kancil model

660EX, 660EX and 850EZL From here the volume inside the car can be calculated:

Item/ Model Perodua Kancil 660EX, eeOEX^OF.Zi

Interior Length (mm) 1710

Interior Width (mm) 1185

Interior Height (mm) 1170

Table 7 : Perodua Kancil model 660EX, 660EX and 850EZi specification

The volume inside Perodua Kancil is:

y~l*w*h

By using Matlab:

» 1.710* 1.185* 1.170

ans = 2.371

The approximate volume is« 2.371m3

Figure 31 : Interior Height, Length and Width for Kancil

(2.0)

The interior volumes of both cars are measured by neglecting the seats. After the

value of volumes for both cars are obtained, the mass flow rate of air inside the car

must be calculated. To achieve the velocity of hot air, the sweptarea for the hot air to

be removed or blow must be calculated first. The swept area is based on the fan

sizing. Fora biggercar, the bigger fan or more fans are goingto be used to provide

cooling. The value for the sweptarea in calculation below is onlya suggested value

based on the fan measurement and calculation that is going to use inside the car. The
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fan swept area is calculated by using circle formula, nr2. The theory on mass flow

rate is shown in the figure below.

r =Density

V» Velocity

A = Area

Mass Flow Rate = Mass / Time = m

m = r V A

Figure 32 : Mass Flow Rate theory

After the mass flow rate calculation is done, the calculation for heat quantity that

needs to be removed can be implemented. The calculated value of heat quantity is

then converted into power. From here, the amount of power required by a car to

provide coolingcan be obtained. The formulas and examples ofcalculation that have

been use to calculate the approximate quantity of heat, mass and conversion of heat

quantity to power are presented in the next section.
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Quantity of heat

Qh=m*CaHTt-T2) (3.0)

Qh= Quantity of heat inside the car

m - Mass flow rate

Ca = Specific Heat for air

T| - Temperature inside the car

T2=Temperature outside the car

Mass flow rate ofair inside the car

*

m = p *V * A (4.0)

m - Mass flow rate

p = Density of air

V~ Velocity of air

A = Swept area

Velocity of air

V= v

A*t

V^ Velocity of air

v —A volume of mass to be swept out

A = Swept area

t = Time of air flow rate

Power

Conversion of Qh from Calorie to Watt

(5.0)

, ca/*4.18
cat — = watt „ rt,

60 * 60 (6*0)
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CALCULATIONS

Velocity of air

Wira

v = 2.996m3

A = 2.545m2

t = i sec

By using Matlab:

» 2.996/(2.545* 1)

ans-1.1772

The velocity, V * l.I772m/sec

Kancil

v-2.371m3

A-1.539m2

t ~ 1 sec

By using Matlab:

» 2.371/(1.539* 1)

ans= 1.5406

The velocity, V » 1.5406m/sec

Next are the examples of calculations for mass flow rate, quantity of heat and power

which are ranges from 24°C - 28.5°C. The other calculation works are shown in

APPENDIX 1-3. After calculations are done, several graphs are plotted.

Mass flow rate calculations

Wira

V=1.1772m/sec

A - 2.545m2

By using Matlab:

Ti=24°C,

» 1.1917* 1.1772*2.545

ans = 3.5703

The mass flow rate is ~ 3.5703kg /sec
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Mm Flow Rita Mini* T«mpBQture toWra

Tampenttin

Figure 33 : Mass FlowRate versusTemperature for Wira

Kancil

V=1.5406m/sec

A = 1.539m2

By using Matlab:

Tj - 24°C,

» 1.1917* 1.5406* 1.539

ans = 2.8255

The mass flow rate is = 2.8255 kg /sec

Mobs Flow Ftas vnaus Tafnperatura far Kartell

Figure 34 : Mass Flow Rate versus Temperature for Kancil
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Quantity of heat

Wira

Ti=24°C

By using Matlab:

» 3.5703 * 1005.3423 * 8

ans = 2.8715e+004

Heat quantity that needs to be removed is: 28 715 cal

Hesf Quantity«mui TemperatureIKWin

28 2B.5
Tamparataiis

Figure 35 : Heat Quantity versus Temperature for Wira

Kancil

Ti=24°C

By using Matlab:

» 2.8255* 1005.3423*8

ans = 2.2725e+004

Heat quantity that needs to be removed is: 22 725 cal
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Figure 36 : Heat Quantity versus Temperature for Kancil

Power

Wira

Ti = 24°C

By using Matlab:

» (28715 *4.18)/(60* 60)

ans = 33.3413

The amount ofpower needed is: 33.3413 watt

Power uraue TempsMun torWis
n—' r

26 28.5 27
Tsmpantura

Figure 37 : Power versus Temperature for Wira
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Kancil

T,=24°C

By using Matlab:

» (22725 *4.18)/(60* 60)

ans = 26.3863

The amount of power needed is: 26.3863 watt

Powar wsub T«mp*ralui8br KancS

as

24

22

20

1 |

-j \

16

14

12

'I

\! |

| ^k

4 2 5 : S 25 e 2 i 2 5 2 27.S 28 3
Temporatura

Figure 38 : Power versus Temperature for Kancil
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From the results that have been shown above, it can be conclude that the power are

going to be needed for Perodua Kancil is range from II W to 26 W and the power

that are going to be needed for Wira is range from 14 W to 33 W. The outside

temperature is fixed to 32°C because it is the normal room temperature nowadays and

this is where the system starts cooling. The temperatures inside the car are chosen

from 24°C to 28°C because this is where the temperature of cooling that is going to

be maintained.

From all the graphs that have been plotted above, it is shown that the relationship

between power and temperature are inverse relationship. This means that if more

cooling is needed inside the car, the more power that is going to be supplied.
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4.4.4 System Advantages

There are several advantages that can be obtained from the cooling system that has

been improvised. The advantages are:

1. The system will automatically operate as it reached the setting temperature

and also automatically off if it is below than the setting temperature. The

system also can manually off if the cooling temperature is sufficient.

2. The system can be used at both conditions; during the car is stop (parking) and

while the car is moving.

3. The battery that has been charge by the solar panel can be used for other

applications such as energizes the electronic devices instead providing

backups to the control unit.

4. The cooling system is energy saving and cost effective because solar energy

is directly supply to the circuit and charges the battery. The system can be

used everyday life.
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CHAPTER 5

CONCLUSION AND RECOMMENDATION

All of the work is successfully done within the timeframe. The theory and concept of

cooling system of a car has been studied. The system has been designed and a

working prototype is also constructed. The circuit designed is based on the

temperature difference and provides cooling to the car as the sensor sense the

temperature changes. The study on battery charger is also important so that it will

provide a sufficient supply if the solar panel supply is not affordable. The system is

energy and cost saving because it is using solar energy which is free from the sun and

can be used everyday life.

Generally this project is completed in two semesters. In the first semester, the project

is more on gaining the ideas by studying the literature review, doing research and data

gathering. After alt the data has been obtained and gathered, some calculation is done

before designing the system. As for second semester, the project is more focused on

designing, construction of the prototype, the circuit installation and analysis. This is

where all the theories and ideas are implemented. The project has enhanced the

student's knowledge especially in solar energy and cooling system. The

implementation of this project has exposed the student in learning to design and

handle the circuit and car prototypes by using software or hardware tools.

As for recommendations, it is recommended that this system is applied to the real life

application. This is because the system is applicable and beneficial. In order to make

the system more efficient, a high quality solar panel can be use to generate more

electricity and energize other devices instead of the controlling unit. Fans can be

replaced by Peltier thermoelectric cooling module to provide more cooling inside

the car. Further research and study will contribute to the successfulness of this

project.
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APPENDIX 1-3: Matlab source code for analysis calculations

Mass flow rate calculations w.r.t. temperature

Kancil

V = l.5406m/sec

A = L539m2

By using Matlab:

Ti = 24.5°C

» 1.1897* L5406* 1.539

ans = 2.8208

T, - 25°C

» 1.1877* 1.5406* 1.539

ans = 2.8160

Ti = 25.5°C

» 1.1857* 1.5406* 1.539

ans = 2.8113

T,= 26°C

» LI837* L5406* 1.539

ans = 2.8065

T, - 26.5°C

» 1.1817* L5406* 1.539

ans = 2.8018

T, - 27°C

» 1.1798* 1.5406* L539

ans = 2.7973

T, - 27.5°C

» 1.1778* 1.5406* 1.539

ans = 2.7925

T, = 28°C

» 1.1758* L5406* 1.539

ans - 2.7878

Ti = 28.5°C

» 1.1739* 1.5406* 1.539

ans = 2.7833

75



Wira

V= 1.1772m/sec

A - 2.545m2

By using Matlab:

T,=24.5°C

» 1.1897* 1.1772*2.545

ans = 3.5643

T, = 25°C

» 1.1877* 1.1772*2.545

ans - 3.5583

Ti-25.5°C

» 1.1857* 1.1772*2.545

ans-3.5523

Ti - 26°C

» 1.1837* 1.1772*2.545

ans = 3.5463

Ti = 26.5°C

» 1.1817* 1.1772*2.545

ans = 3.5403

Ti - 27°C

» 1.1798* 1.1772*2.545

ans = 3.5347

Ti - 27.5°C

» 1.1778* 1.1772*2.545

ans = 3.5287

Ti=28°C

» 1.1758* 1.1772*2.545

ans = 3.5227

Ti - 28.5°C

» 1.1739* 1.1772*2.545

ans = 3.5170
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Quantity of heat

Kancil

By using Matlab:

T, = 24.5°C

» 2.8208* 1005.3611 * 7.5

ans= 2.1269e+004

T,= 25°C

» 2.8160* 1005.3801 *7

ans= L9818e+004

Ti = 25.5°C

» 2.8113* 1005.3993*6.5

ans=1.8372e+004

T] =26°C

» 2.8065* 1005.4189*6

ans= t.6930e+004

Ti = 26.5°C

» 2.8018* 1005.4387*5.5

ans- I.5494e+004

T{ = 27°C

» 2.7973* 1005.4588*5

ans = 1.4063e+004

T, = 27.5°C

» 2.7925* 1005.4791 * 4.5

ans - I.2635e+004

T,= 28°C

» 2.7878* 1005.4997*4

ans=L1213e+004

T, = 28.5

» 2.7833* 1005.5205*3.5

ans = 9.7953e+003
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Wira

By using Matlab:

T, = 24.5°C

» 3.5643* 1005.3611 * 7.5

ans = 2.6876e+004

Ti=25°C

» 3.5583* 1005.3801 *7

ans = 2.5042e+004

Ti-25.5°C

» 3.5523* 1005.3993*6.5

ans- 2.3215e+00426°C

T, - 26°C

» 3.5463* 1005.4189*6

ans = 2.1393e+004

T, = 26.5°C

» 3.5403* 1005.4387*5.5

ans=1.9578e+004

Ti = 27°C

» 3.5347* 1005.4588*5

ans= 1.7770e-K)04

T,=27.5°C

» 3.5287* 1005.4791 * 4.5

ans=l.5966e+004

T, = 28°C

» 3.5227* 1005.4997*4

ans=1.4168e+004

T, = 28.5°C

» 3.5170* 1005.5205*3.5

ans=1.2377e+004
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Power

Kancil

By using Matlab

T, = 24°C

»(22725*4.18)/(60*60)

ans = 26.3863

T[ = 24.5°C

»(21269 *4.I8)/(60* 60)

ans = 24.6957

Ti = 25°C

»(19818 *4.18)/(60* 60)

ans = 23.0109

Ti = 25.5°C

» (18372 *4.18)/(60* 60)

ans = 2l.33l9

T, = 26°C

»(16930 *4.18)/(60* 60)

ans =19.6576

Ti=26.5°C

»(15494 *4.18)/(60* 60)

ans =17.9903

Ti = 27°C

»(14063 *4.18)/(60* 60)

ans =16.3287

T, - 27.5°C

»(12635 *4.18)/(60* 60)

ans =14.6706

Ti = 28°C

»(11213*4.18)/(60*60)

ans =13.0195

T, = 28.5

»(9795*4.18)/(60*60)

ans =11.3731
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Wira

By using Matlab:

T|=24.5°C

»(26876 *4.18)/(60* 60)

ans-31.2060

T,=25°C

»(25042*4.18)/(60*60)

ans = 29.0765

T, = 25.5°C

»(23215 *4.18)/(60* 60)

ans = 26.9552

Ti - 26°C

»(21393 *4.18)/(60*60)

ans-24.8396

T, = 26.5°C

»(l9578*4.18)/(60*60)

ans = 22.7322

Ti = 27°C

» (17770 * 4.18)7(60 * 60)

ans - 20.6329

T!=27.5°C

»(15966 *4.18)/(60* 60)

ans-18.5383

T,=28°C

» (14168 *4.18)/(60* 60)

ans =16.4506

T, = 28.5°C

» (12377 *4.I8)/(60* 60)

ans =14.3711
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Matlab source code for Mass Flow Rate graphs

Kancil

x = [24 24.5 25 25.5 26 26.5 27 27.5 28 28.5];

y = [2.8255 2.8208 2.8160 2.8113 2.8065 2.8018 2.7973 2.7925 2.7878 2.7833];

plot(x,y)

title ('Mass Flow Rate versus Temperature for Kancil');

xlabel('Temperature');

ylabel('Mass Flow Rate');

grid

Wira

x = [24 24.5 25 25.5 26 26.5 27 27.5 28 28.5];

y = [3.5703 3.5643 3.5583 3.5523 3.5463 3.5403 3.5347 3.5287 3.5227 3.5170];

plot(x,y)

title ('Mass FlowRate versus Temperature for Wira');

xlabel(Temperature');

ylabeI('Mass Flow Rate');

grid

Matlab source code for Heat Quantity Rate graphs

Kancil

» x = [24 24.5 25 25.5 26 26.5 27 27.5 28 28.5];

»y-[22725 21269 19818 18372 16930 15494 14063 12635 112139795];

» plot(x,y)

»title ('Heat Quantity versus Temperature for Kancil');

» xlabel(Temperature');

» yIabel('Heat Quantity');

» grid

Wira

» x = [24 24.5 25 25.5 26 26.5 27 27.5 28 28.5];

» y = [28715 26876 25042 23215 21393 19578 17770 15966 14168 12377];

» plot(x,y)

»title ('Heat Quantity versus Temperature for Wira');

» xlabel('Temperature');

» ylabel('Heat Quantity');

»grid



Matlab source code for Power Rate graphs

Kanci I

» x = [24 24.5 25 25.5 26 26.5 27 27.5 28 28.5];

» y = [26.3863 24.6957 23.0109 21.3319 19.6576 17.9903 16.3287 14.6706 13.0195
11.3731];

» plot(x,y)

» title ('Power versus Temperature for Kancil');

» xlabel(Temperature');

» ylabel('Power');

» grid

Wira

» x = [24 24.5 25 25.5 26 26.5 27 27.5 28 28.5];

» y = [33.3413 31.2060 29.0765 26.9552 24.8396 22.7322 20.6329 18.5383 16.4506
14.3711];

» plot(x,y)

» title ('Powerversus Temperature for Wira');

» xlabel(Temperature');

» ylabel('Power');

» grid
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APPENDIX 1-4: DM7404 - Hex Buffers with High Voltage Open-Collector

Outputs
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sonably expected tc result r- a sonlfi:3.nt injurytc t-e
user.

Acrit:a component in any conponent o' a life support
device cr systen w-ose failure to pe^crn :a- be rea-
sonaby expected to cause the faiure of the li^e suc-port
deviceor system, or tc affect ts sa'ety or effectiveness.

www.fairctiildsemi.corn

www fa rc-ildseni.corr
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APPENDIX 1-5: 31/2 Digit, LCD/LED Display, A/D Converters

Intersil

Data Sheet

31/2 Digit, LCD/LED Display, A/D
Converters

The Intersil ICL71CSand ICL71C7are nign performance, tow
pO'Asr. 31,'2 digit A/D converters. Included areseven
seamen: decoders, display drivers, a reference, and a clock.
The ICL71 OS is designed to interface with a liquid crystal
display (LCD)and includes a multiplexed Itad-plane drive;
the ICL7107 will directly crive an instrument size light
emitting diode (LED) display.

The ICL7105 and ICL7107 bring together a combination of

high accuracy, versatility, anc true economy. It features auto-
zero :o less tnan 10:iV, zero drift of less than i iiV?°C; input
bias current of lOpA (Wax), and reliever error of less than
one count. Truedifferential inputs and reference are useful in
a:l systems, but give tne designer an uncommon advantage

wnen measuring load ceiis. strain gauges and ether bridge

type transducers Finally, the true economy of single power
supply operation (1CL7105), enables a high performance

panel meter to be t;u It with the addition of only 10 passive
components and a display.

Ordering Information

PART HO.

TEMP.

RANGE (:C) PACKAGE

PKG.

DWG.*

ICL7105CPL 0 to 70 40 LO PCI? E4D.6

EL7IKCFLZ

:;tbte2;
0 M 70 40 LO PDIF

iPC-'rsej (Mote 3}
E40.6

1CL7IC6CM44 0 tc 70 4-i LC ?<!QF? 044.10x10

!CL7ID7C=L 0 tc 70 40 LC PCIP E4D.6

ICL7107Cr!_Z

(Mate 2)
0 tc 70 40 Ld PCIP

iPfr-'r&e.MMote 3}

E40.6

ICL7107RCPL QIC 70 40 Lor DIP (Motel? E40.6

ICL7irj7RCPLZ

(Mote 2!
0 to 70 40 Ld PDIP

iPb-faeXMotes 1,3}

E40.6

ICL7107SCPL 0W70 40 Ld PDIF

(I-Jotes l, 3)
E40.6

ICL71075CFLZ

(Note 2)
0to70 40 Ld PCIP

tPb-'refM (Motes 1.31
E40.6

ICL7!07CM44 01O70 44L0MQFP 044.10*10

ICL7I07CMWT Ota 70 •HLdMOFPfTape
and Red;

044.10x10

NOTES-

1. "B'in:ic3-.eis««i«rtteifWi«rsedesdi'>'ircundnj»PC:eataufW«r*ae.'S'
indicate! n "an:*! K»ity

2. *:ersilPs-VaepiocL<ns*T«;cy5pe:ii[Pc-frs*maeialsss:,tK>aing
co-TC-KjnM.'flieasaditriKfr'alsa-i: tCC%rr«e:« paMlettrinalionfnish.
w-ic- a'* RoHS wmsiiani wto ssmpWbe withbet- Sn.ab and Pb-fiw
sodernc acsratiens ln»r* P:-Jree crcduas ar*M3l.C3SSifiedatP£-*ree
p*afc •wowteriTperaMresr'r.freetO'-eece*:) fert-lt«« requirements of
P£<J=3ECJSTD-32:C.

i. ab-ftMFOiPsMn6*us«)fcrtliiou5',iioi«w3rtSDia4rprKiMiing3^iy. They
ate nol "»ic*d *v use in Rt'.;« scld?" prwessino app catons.

ICL7106, ICL7107, ICL7107S

October 25, 2004 FN3Q82.5-

Features

• Guaranteed Zero Reading fcr OV input en «H Scales

• True Polarity at Zero for Precise Null Detection

• !:A Typical Input Current

• True Differential Input and Reference, Direct Display Urn

- LCD ICL71G5, LED ICL7107

• Low Noise - Leas Than 15|A-'p.p

• On Chip Clock anc Reference

• Lew Power Dissipation - Typically Less Than 10mW

• Mo Additional Active Circuits Required

• Enhanced Disc-lay Stability

• Fb-Free Available (RoHS Compliant)

CAinor^Tiesesivlces arewifiive:: titXisw.li oiicf-jrje. lWw» srwe-IC -tana in; PrKMt'ei
i-faB-iSTE^Ui.or J2i-"24-7u3 | .ntetsiiij-K c*«.gr: s i rs^istersc rac*nar* C itafsii A.nsrt:as mc

Isavrijitiria-iiAne-eii .-re.ski;. 1C:j. AiiMjib R«s*tv*3
A! ?tr*r t'acena'Kt neitonM ar# r* jcroerp of sreir rt»c*;B-,e o*r«rs
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Pinouts

(MINUS;

ICL7105, ICL7107 (PDIPI
TO3 VIEW

NCL

NCE

TESTE

05C3E

NC-E

OSC2E

OSC !£

v+E

DIE

C!E

bit

ICL7106.ICL7107.ICL7107S

ICL71C7R IPDIP)
FCPYIEVY

esc i FT V JO] V*
CSC 2 FT 5J D1
OSC3 FT 33} CI
TEST TT 5T] ai

REFHI JT Uai 'i!'s;

REF LO FT H P<
C*EF+ LT His:
CrE=- JT 33JET

COMMON rr 37] D2
IN HI [l£ III ca

1.1 LO JjT 30] B2
A-Z [12 29] A2

BUFF FT5 23] F2
INT FT? ?7jE2

V- [15 23} D3
G2(IO'sJ p|

|C3 |j7 g F3 >(lfl0's)

(100'sl Ja3 [ie 23JE3

lG3GI 22] (-300) AB4
aP.'GND [20 5T] PGL

[MINUS]

ICL710S,1CL7107<MQFP|
TOP VIEW

u.
L.
a.

j a
o

O
'J

I

2
<

t
>

' Ji 43 12 41 40 39 33 37 33 35 34
t# 33
2

3

4

S

6

7

9

10

11 23
12 13 14 15 13 17 13 19 20 21 22

Al F1 G1 El D2 C2 B2 A! F2 E2 03

intcri||
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1CL7106. ICL71Q7, ICL7107S

Absolute Maximum Ratings

SuEOy Vct^e

1CL7-27. v'-t: C-JID

A-3'os IreL-t".• = :c;e:Etr-;r npQt (Note 1-
Re'ere.ics I.ioj: VcLise :Eitier Incjt.i
CccklrpU

icl?;:=

Operating Conditions
TeTperctire .Rsr.;e

.. v + tc v-

.. V- to v-

TE5T tc V-

,G\C:cV-

. d=c to rc^c

Thermal Information

Thermal R;oista"ce ~;r.k3. Note 2;

PQ P Package
WGFP package

k'jjxmtm Ju-ction Ternperatjre .
Iv'a.".irm.n Storage Temperature Sance
fv'a*imLm Lead Ten^eratj'e 11-3cer 1-5 lit:

•F/QFF-Less: Tcs Onlyt

. ..i;:'c

:cto-?:3c

NOTE. Dlj-free3DIPs-:3T oe used 'omroLsh r-cewa-.-e solder

processing only. They are not intended '":' lk in Relcw solt»:
cnxesihg appl cations.

CA'JT>0<•:• Zrrfua afcv.-e r>$s± »i"sre-r >n "nisc.VM .•.•ia.'-.Yriw S*riijs'jna/ cjusspe«:a.'?*'>i" Jairaj* ."s Ke a'=<"« 7".*>< ? sitsk on.',- rato; iw o^i.'jr.'.:" s'^.s-

MOTES:

1. ir.rAtvoitases nay exceee-trie supply wtages^^

:. Sji .smeesursa win tne component mounted cm a lew effective dermal eend-jct-.-ir/tast board in free air, See Tech 3ne( T3273 for 3St3 Is.

Electrical Specifications [Note?i

PARAMETER TEST CONDITIONS Mill TYP MAX UNIT

SYSTEM PERFORMANCE

Zero hsjt .Re&dirg V'im = 0 0V FullScale = 20C'mV" -C00.0 toce.c +000. D Dig'tai
ReoCing

StaoiltyiLa&tDisitjyiCL? 10-35. 'CL7i:7S
OrJyi

Fixed Input Voltage (Mote6) -coo.o tocc: +000.0 Digta!
Resiing

Ratistrevie Reading '•-•',!, -VRE=.vRE.-=100rrv 95&

00

1:0a Dig'tal
Reading

Rollover Eror -'•-''ii-. =-•->j s 20:mV
Drrertceir Reading fcrEquu Posit.ve and Negative
Inputs Near Fu IScale "

~0 2 =1 Cot-nta

Linear ty Full Scale = 200mV or Ful Scale = 2V Ma>imi;rn

Devotion from 5est Straight Line Fit (Note 51
-

7D.Z rl CotntD

Ocmrnorj W&£& Rejection Rat-o ••/.-,_, =1V,V,N =0V,Full Scale = 200mV (Note5} SO itV.-V

Moiss V'iN = O'V, FullScale = 20DmV
(Peak-To-PeakVa ue NotExceeded SS^cfTrrei

-

15 LlV

Leakage Current Input V,N-C(lSoteEj -

1 10 PA

Zero Reading Grft V,j.,= ", C°CTo zrA: (Note5)
-

0.2 t LlV^

Scale Factor Tencerature Coefficient VlN=199nV. 0cCTc70cC,
;&•::. Ref. Opp-nr.;t°Cj (Note 5!

-
1

5

ppir;°C

Enc Power Suraly Character V+ Sjsply
Current

V\K = D(Does Not r.dLKie LEDCurrentfor ICL710T)
-

;.: 1.& niA

En<l Power Supply Character V-Supply Currant ICL7!07Or,iy
-

o.s T.S mA

COMMON P.r, Analog Common Voltage 25kf! Between Coniron and
Positive Supply (With Respect to + Supply)

2.* 3-.C 3.2

V

Temperarjre Coe^icient of Analog Coirmcn 25kfi Between Comircn and

Positive Supply (With Respect io + Supply)
-

•30
-

pprr.^C

DISPLAY DRIVER ICL7I06 ONLY

Peak-To-Pea-t Sejrrent Drive Voltage
Peak-To-Pea* Backoane Drive Vatage

V- = to"v'- = 9V!Notei» 4 5.5 5 'v

inters| I



APPENDIX 1-6: KTC 9013 - NPN Transistor

SEMICONDUCTOR
THCUNICAL DATA

(il'NFIiAl, I'liRI'OSK AH'l.ll.'ATlON

S\M It 11INC, AIVLR'ATION.

I-'KATUHKS

• I'.sfdk'nl h - l,m'_';;fU'.

• ('j.iriipli-n^-iicii'y !;• K'l £T'Ui^

MAXIMUM KATINJI.S Chi-liS ')

CIIAHACTLItlSTK" ^YMIiOI uatini, IN1T

i'.'nlkvii.r I'.iV Viikjim- V, >::• m V

Cnlkvior-l-jiiiiiLT Volume V, „, !«) V

l-JJliLlfl-i'il'-L* Yiilumc V-r,. _-, V

Cnlkvtur CuiTi-nt I; fjOti m A

Kmiiti'i- Cunvnt ll, -7iii;i mA

('••lln-lor E'i5V."tT Di:-.si;:i![ii')n !\ li'i." mW

J':irit-linr." 'iVn"iiK-i".'tliii(- "i"i I..D i"

Sln-":iHt- '1"• -ri-[x*i11:• 111- U.i-j/i' '!'•-,. ii-";.- l;:) r

KTC9013
i:i'l I \XI.\I I'l.WARVN I H.WNISMIH

4

, 1
|

!#a.

UK minnERBBr

A «.n x«

a us m

s a.re ul

n *»

s 1J»

r <jtr

fl Baa

H feM

l*ttb&M

I aw ma

I> IB

> MtUii
I LOO

i. aniBCTOH

TO-92

{LKC.'TUICAL CHAKACTKliiSTICS iTn^iV

CUAKACTriUSTIC SVMItOI. 'IKS • CONDITION! \ll\. tyi\ MAX IN!T

( nllivioi Ci.il off Ciim-iu 1, v,-. vu:-:r.v. i:-n H.l M

Ijniiu-r Cm -off CiiiTL-nl 1 |;. v.,-ay. 1 =1) U.1 M

IK.' Cunrni (i.'iin IhtiN'iu-: v,i-iv. I =5:)mA i;i 2\'>

(.rilUvrcfi:m!Hi-r
Vlk..„ 1. -liKlmA. ln=lUmA -

D.I l!,l!:~ Y

lii^i-Ksnilli-r Vuli;ii;e V,„ L. llKJ:nA. V,.. IV - D.K 1.11 V

Tr:itisiuon l-'u-tiiit-Mt-y 1 V, , (A . 1 'JifcltA. ! ICOAIII;! Ll'i Mil/

C'lillix'Mr Ouiiiul C;ip;ii;it."iiiiT C.j, V,,: liV. 1 II, f" lMlb 7.0 Ml-

i;;:||S -IfHi. H:MI-'_Vi. I=iTt*-"_> It.

<m. :".. II Kcvision Nu : 0
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APPENDIX 1-7: L7900 AC Series - 2% Negative Voltage Regulators

L7900AC
SERIES

2% NEGATIVE VOLTAGE REGULATORS

B OUTPUT CURRENT TO I.5A

. OUTPUT VOLTAGES OF -5; -5.2; -6; -8; -12:
-15: -IS; -20; -22: -24V

. THERMAL OVERLOAD PROTECTION

. SHORT CIRCUIT PROTECTION
> OUTPUT TRANSITION SOA PROTECTION

DESCRIPTION

The L7900AC series of three-terminal negative
regulators is available in TO-220 and D-PAK
packages and several fixed output voltages.
These" regulators can provide local on-card
regulation, eliminating the distribution problems
associated with single point regulation;
furthermore, having the same voltage option as
the L7800A positive standard series, they are
particularly suited for split power supplies. In
addition, the -5.2V is also available for ECL
system. Ifadequate heat sinking is provided, they
can deliver over 1.5A output current.
Although designed primarily as fixed voltage
regulators, these devices can be used with
external components to obtain adjustable voltages
and currents.

SCHEMATIC DIAGRAM

August 2003

90

1/15



L7900AC SERIES

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter1 Value Unit

DC Input vo!:age for vr = -5 to -18V

forVn = -20.-24V -40

Output Curren: Internally Limited

Power Dissipation Internally Limited

'Kg
Storage Temperature Range -65 to 150

0(o 125

CC

Operating JunctionTemperature Range
Abscise V3..jnum Ratings are tr.ose values beyond *hich damage k the device rray occur. Functional operation under these condition is
not implied.

THERMAL DATA

Symbol Parameter

FU Thermal Resistance Junction-case

Rthi-airhj-amb
Thermal Resistance Junction-ambient

CONNECTION DIAGRAM (top view)

TO-220

ORDERING CODES

-J OUTPUT

~J INPUT

:i GROUND

D2PAK TO-220 Unit

Max SC.'W

Max 62. JQVV

OUTPUT

INPUT

GND

PC!1970

D^PAK

TYPE TO-220 D2PAK (/) OUTPUT VOLTAGE

L7905AC L7905ACV L7905ACD2T -5V

L7952AC L7952ACV L7952ACD2T -5.2 V

L7S06AC L7906ACV L7906ACD2T -6V

L7S08AC L7906ACV L7908ACD2T -8V

L7912AC L7912ACV L7912ACD2T -12V

L79I5AC L7915ACV L7915ACD2T -15V

L79I8AC L791BACV L7918ACD2T -18V

L7920AC L7920ACV L7920ACD2T -20 V

L7922AC L7922ACV L7922ACD2T -22 V

L7924AC L7924ACV L7924ACD2T -24 V

c) Available in Taue &Reel withthe suffix "-TR"

2/15
51
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APPENDIX 1-8: L7800 Scries - Positive Voltage Regulators

£jj.
L780C

SERIES

POSITIVE VOLTAGE REGULATORS

. OUTPUT CURRENT TO 1.5A

. OUTPUT VOLTAGES OF 5; 5.2; 6: 8; 8.5; 9;
12; 15; 18; 24V

• THERMAL OVERLOAD PROTECTION

• SHORT CIRCUIT PROTECTION

• OUTPUT TRANSITION SOA PROTECTION

DESCRIPTION

The L7800 series of three-terminal positive
regulators is available in TO-220, TO-220FP.
TO-220FM, TO-3 and D2PAK packages and
several fixed output voltages, making it useful in a
wide range of applications. These regulators can
provide local on-card regulation, eliminating the
distribution problems associated with single point
regulation. Each type employs internal current
limiting, thermal shut-down and safe area
protection, making it essentially indestructible. If
adequate heat sinking is provided, they can
deliver over IA output current. Although designed
primarily as fixed voltage regulators, these
devices can be used with external components to
obtain adjustable voltage and currents.
SCHEMATIC DIAGRAM

WOT

io—

November 2003

nwraa
cnair

CUMEKt
S&0U1ON

OTMHCE
voltage

92

EflHOR

TO-220 TO-220FP

TO-220FM

^
D2PAK

SO*
moitam

nOTECMM

^3?
EiEMBff

TO-3

a

-Ol
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L7800 SERIES

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter'

P:o:

ls:g

'op

DC Input Voltage

Output Current

Power Dissipation

Storage Temperature Range

Operating Junction Temperature
Range

forVn=5to 13V

for v0= 20.24V

for L7800

for L7800C

Value Unit

35

=t{

Internallv Limited

Internally Limited

-65 to 150

-55 to 150

Oto 150
:c

Absolute Vtoxinum Ratings 3re tnose values beyond which damage to the cevice rvay occur. Functional operation under these condition Is
not implied.

THERMAL DATA

Symbol

R,•thj-case

•^tUi-amb

Parameter

Thermal Resistance Junction-case Max

Thermal Resistance Junction-ambient
Max

D2PAK

62.5

SCHEMATIC DIAGRAM

-t& H»

>
mof] Qr3 [Jru

2/30
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CONNECTION DIAGRAM (top view)

O
~i OUTPUT

li GROUND

U INPUT

o

TO-220

o

T37-

GND

j^L

D2PAK

ORDERING CODES

CS0570D

TO-220FM

OUTPUT

INPUT

PC11820

CSDS7CO

TO-220FP

u OUTPUT

D GROUND

"J INPUT

TO-3

L7800 SERIES

-;. OUTPUT

";: GROUND

'-. INPUT

TYPE TO-220 D2PAK (*) TO-220 FP TO-220FM TO-3
OUTPUT

VOLTAGE

L7805 L7805T 5 V

L7305C L7805CV L7805CD2T L78Q5CP L7805CF L7805CT 5 V

L7852C L7852CV L7852CD2T L7852CP L7852CF L7852CT 5.2 V

L7806 L7806T 6 V

L7806C L7806CV L7806CD2T L78Q6CP L7806CF L7806CT 6 V

L7808 L7808T 8 V

L7808C L7808CV L7808CD2T L7808CP L7808CF L7608CT 8 V

L7885C L7885CV L7885CD2T L7885CP L7885CF L7885CT 8.5 V

L7809C L7809CV L7809CD2T L7809CP L7809CF L7809CT 9 V

L7812 L7812T 12V

L7812C L7812CV L7812CD2T L7812CP L7812CF L7812CT 12V

L7815 L78I5T 15 V

L7815C L7815CV L7815CD2T L7815CP L78I5CF L7615CT 15 V

L7818 L7818T 18V

L7818C L7818CV L7818CD2T L7818CP L7818CF L7818CT 18 V

L7820 L7820T 20 V

L7820C L7820CV L7820CD2T L7820CP L7820CF L7820CT 20 V

L7824 L7824T 24 V

L7824C L7824CV L7824CD2T L7824CP L7824CF L7824CT 24 V

i") Available in Tape & Reel with the suffix "-TR"

5i
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APPENDIX 1-9: LM108/LM208/LM308 Operational Amplifiers

d N a t i o n a I S e m i c i> n d u c 1 a r
Dor:om;:'0t M}\}<

LM108/LM208/LM308 Operational Amplifiers

General Description
The LMIO'J soiios art precision, operator a! amplifiers hav
ing specifications a lactor ol ton better lhar ITT amplifiers
OVC-r a -S5"C to - 125nO temperature range.

Tl-c Cc/iccs operate with supply voltages liar -t. 2V to
£20V ans rave sufficient Supply rejector, to use- urtogulal-
os supplies. Although the circuit is interchangeable with ans
uses the same compensation, as the LM101A. an, altorr.ate
compensation scheme can bo uses to make it particularly
insensitivo to powt-r Supply r-oise anc lo ir.ako Supply by
pass capacitors unnecessary.

The low current onor ol the LMIOfJ soncs makes possible
many scsigns that are rot practical with conventional ampli
fiers. In lact, it operates from 10 Mil source resistances.

Compensation Circuits

Standard Compensation Circuit

—VA-

•v,w—<WV-

HI

-Wv-

*w

irtrocxira less erroi than sowcos like the /Dii with 1 0 kit

sources. Integrators with drifts less than iOO jxVVsc-c arc
analog lure delays in excess of one houi can be rr.aso us
ing capacitors no larger than. 1 fif".

The LW13U is gu.arar.lOM irar -55"C to -125*0. tho
LM2M from -25"C to -B5"C. ar.c the LM300 Irom 0"C to

-70"C.

Features
• Maximum, input bias current of 3.0 n.A over temperature

• Ollset cunont loss than 400 pA over temperature

• Supply current of only 300 nA, even in saturation

• Guarantees drift characteristics

-v.%

Alternate* Frequency Compensation

111 KZ

V^

'V,„ —^^~

Vuu'

' 'i3s.'Uw"ill*i S."-d *sW rds »s :'(l-cta'i: k; 1 'C, •Incrivsa raael-Sft ol tower s.to!y :ra»a •»>• a I*:fc< si k-n.

"il^idwr'Jtft »«l tiewmb »-=zrc&A.Oitd lOt.'C,

Feedforward Compensation

5pF

INPUT

1LM///SB 3

?,199S 'WKimi S«rlconau«Of CapaMon Tu.<-*'775B =>H:>-3:wvii5.'=r*iioal<iu S *
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O
00

to
o
03

r~

o
00

O
•D
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O
3
W

>
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N a t ion a I S e m i c o n d u c I o r
December 1i*L;-"i

LM108/LM208/LM308 Operational Amplifiers

General Description
Tro LM10[» series areprecision operational amplifiers hav
ing spocilicator.s a factor of ten bettor than TCT amplifiers
over a -55"Cto -125"C lomporatufo range.

The sovices operate with supply voltages Irom ?-2V to
±20V and rave sufficient supply rejection to use unregulat
ed supplies. Although, the circuit is interchangeable with ans
uses the- same compoitsalior. as the LM101A, an alternate
compensation scheme can be uses to make it particularly
insensitive lo power supply noise and to make supply by

pass capacitors unnecessary.

The low current error ol the LMlO'i series makes possible-
many designs Ihat are not practicalwith conventional ampli
fiers. In lact, it operates from. 10 Mil source resistances.

Compensation Circuits

Standard Compensation Circuit

—-*Afv "0 •MV

•v,„ —WV

Vom

introducing loss error than, scvicos like the /OS wilr 13 kit
sources. Integrators with drills less than 500 jiVYsoc arc
analog time delays in excess of ore hour car be mace us
ing capacitors ro larger than 1 (iF.

The LMlO'i is guarantees Irom -SS'-C to -125'"C. th.o
LM20S Itdtt -2*5"Cto -»5"C, ars the LM30L1 from TC to
- 7tTC.

Features
• Maximum input bias current ol 3.0 rA over lompcrature
• Oflscl cunent less than -500 pA over temperature

• Supply current of only 300 fiA. even in saturation

• Guaranteed drift characteristics

-V,s

Alternate' Frequency Compensation

111 M

VA

,Viij __\^_

*— v„

•BartwJth srt'j few^« si fc-awlcai fa 1'C- 'lmct\'?*ri}=cton ol JCwirf *'*p(jf t\<r& ty i l^tv of Isri

"Q&tdvttdli *id jfewrafc *•*CO&Mityi* tcWC,

Feedforward Compensation

Spt-

Jr

IftftlT

OUTPUT

!"'i»5 *«»-* So.'-Kcr-Ouflo.CaCallor, TLW775* **M30V115«'i™alrt'.J S A
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LM108/LM208/LM308 Operational Amplifiers

General Description
The LM10L1 series ate precision operational amplifiers hav
ing specifications a factor of ten bettor than TUT amplifiers
over a ~55°Clo -YZZ'C temperature range.

The sevices opoiato with supply voltages from. .r.2V to
i20V and have sufficientsupply rejection b use- urrosulal
es supplies. Although the circuit is interchangeable with and
uses the same corrpor\sati&n as the LM101A, an alternate
compensation; scheme can be used lo make it particularly
insensitive to power supply noise and to make supply by

pass capacitors unnecessary.

Th.o low curront error of the LMlO'i series makes possible
manydesigns thai art not practicalwithconventional ampli
fiers. In fact it operates Irom, 10 Mil source resistances,

Compensation Circuits

Standard Compensation Circuit

♦—v.

introducing less error than dcv.cos like the /3L: with 10 kli
sources. Integrators wtr. cults loss than SOO ^'vVsoc ans
analog liirc delays in excess of one hour car be mace us

ing capacitas r.o larger thar. 1 ^F.

The LM13B is guarantees from -5-5"G to -12S"0, Ire
LM208 from - 2S"C to -1)5"0. ans the LM30'i frar- 0"C lo

- 70*C.

Features
• Maximum input bias curront of 3.0 n.A over temperature

• Offset current less thar, 400 pA over temperature

• Supply current of a% 300 u.A, even ir> saturation

• Guaranteed drift characteristics

Alternate" Frequency Compensation

Vdu.

•vlu —VW

11J.(.7/54 1 11,-1;//:*> 1

'•Ba'tiwutri *-i<i *swrdy *e pawlwii b l-'C. 'incrores fsjactan at fott^f s<f.$tf no*; fcy a l^tb'sll-^

"BarvlWdti »td *&w rafc are p-foeertuMi* lo 1/C,

Feedforward Compensation

INW

OUTPUT

S'15H SXtXJi SortonOunaQDipOfMo-i TL^'7754 WHSSVIUVlHWiflJ S A
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Typical Applications {Connu^?

Fas! I Summing Amplifier

INPUT —WV

"f J'i-Jl c1 tc rir-jH!^

f1i(J!i l"<!tCW traCte'ict'
gji:. ^u-.-as-.-s ixjt'ji
ti-ivs ia:*iSt' j:!,J -J Eitrrdtuj

Connection Diagrams

INWTS

Metal Can Package

C0MP3

CflMPl

OUTPUT

fif'5 m wirl'.-J jfoti.t sm«j ijvojI

Order Number LM108H, LM108H/8B3.

LM308AH or LM3D8H

Sec NS Package Number HDBC

COMPENSATION 2

1 ii

2
COKPCN5ATI0Kt —

u

_J_
— COM

4
IHPUT Ss,^ 11

— Vt

IHPUT* *.^^ 1 10
— OUT

6 9

7 a

Top View

Order Number LM10B,J/S83

SccNS Packagc Numb VJ14A

\wvitvt w
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OUTPUT

5iuS S;:rai i]j-i:w^1'- JSV'-i

6 - 1C"°

Dual-ln-Line Package

COWP tottri

IWliT"

il;-i.v/!hi (!•

Top View

Order Number LM10BJ-8/B83. LM30BM or LM3QBN

Sec NS Pa ckagc Number JOBA.MOBA or NOSE

Order Number LM10BW/B83

See NS Package Number W10A

•MxiaiaistH p* JVJaS10/taK4



APPENDIX 1-10: LM135/LM235/LM335, LM135A/LM235A/LM335A Precision

Temperature Sensors

November 20CO

National S e m i c o n d u c t o r

LM135/LM235/LM335, LM135A/LM235A/LM335A

Precision Temperature Sensors

General Description
The L'vi 135series are precision, easily-calibrated, integrated
circuittemperature sensors. Operating as a 2-termir.al zener,
the LM135 nas a breakdown voltage directly proportional to
absolute temperature at -HO mV.,!K. 'With less than 1ft dy
namic impedance the device operates over a current range
of 400 uA to 5 n;A with virtually no change in performance.
When calibrated at 25'C tne LM I35 has typically less than
TC error over a IO0=C temperature range. Unlike other
sensors tie LM135 has a linear output.

Applications for the LM135 include a'most any type or tem
perature sensing over a -55'C to +150'C temperature
range. The low impedance and linear output make interfac
ing to readout or control circuitry- especially easy.
The LM135 operates over 3 -55'C to -HsO'C temperature
range wnile the LM235 operates over a -40'C to ~I25*C

Schematic Diagram

>202D National Serrvcondjcior Corewacon DSC05S&8

99

temperature range, the Uv'335 operates from -430 to
*100!C. The LM135/LM235/LM335 are available packaged
in hermetic TO-i'3 transistor packages while the Llv'335 is
also available in plastic TO-S2 packages.

Features
m Directly calibrated in 'Kelv.n
• \'C initial accuracy available

• Operates from 400 uA to 5 mA
• Less than Hi dynamic impedance
• Easily calibrated
• Wide operating temperature range
• 200'C overrange
• Low cost

www.neternal wr



Connection Diagrams

TO-92

Plastic Package

Bottom View

Order Number LM335;

or LM335AZ

See NS Package
Number Z03A

*ww.naeona .com

SO-8

Surface Mount Packoge

1
Ml —

<J S

NC —

i
MC —

*
1 1 ADJ

Order Number LM335M

See NS Package
Number M08A
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TO-46

Metal Can Package'

Bottom View

Order Number LM135H.

LM135H-MIL. LM235H,

LM335H. LM135AH.

LM235AH or LM335AH

See NS Package
Number H03H



Absolute Maximum Ratings (Note 4)
If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

Reverse Current

Forward Current

Storage Temperatui"

TO-46 Package

TO-&2 Package

SO-8 Package

15 mA

10 -A

-60 3 to + I60'C

-60 3 to + IE0X

-65 '3 10 + 150"C

Temperature Accuracy (Note
LM135A.M235. LMI35A.1M235A

Specified Operating Terp Range

Lornmuous Intermittent

(Note 2:

LMI35, LMI35A -55'C to + 150X ;t'j'c to 200'c

LM235. LI/235A -40'C to +I25'C :25C to I50C

LM335. LM335A -40'C to tlOO'C •CO'C to I25'C

Lead Te.^p. (Solcenr.g. 10 seconds;

TO-32 Package 260'C

TO-4G Package 3C0-C

SO-5 Package: 3C0'C

Vapor Phase 60 seconds): 215"C

infrared i'Is seconds"!1 220:C

Parameter Conditions LM135M.M235A LM135<LM235 Units

Min Typ Max Min Typ Max

Operating Output Voltage T- = 25'C, lR = 1 mA ' 2.97 2.98 2 59 2.95 2.96 3.CI \i

Unc3;ibr3ted Temperature Error T- = 25'C, lr = ' mA 0.5 1 I 3 'C

.Uncalibrated Temperature Error 1WH £ T- < TyAX: 1. = 1 mA 1.3 2.7 2 5 !C

Temperature Error with 25X

Calibration

TW:N < Tc < TVAy, U = 1 mA 0.3 1 G.5 1 5 "C

Calibrated Error a: Extended

Temperatures

~*c = Tw.a:< (Intermittent) 2 i. 'C

Non-Linearity 1, = 1 mA C.3 0.5 C.3 1

Temperature Accuracy (Note
LM335, LM335A

Parameter

Operating Output Voltage

Uncolibrated Temperature Error

Uncaiibrated Temperature Error

Temperature Error with 25'C

Calibration

Calibrated Error at Extended

Temperatures

NorvLinearity

Conditions

f- = 25'C, \P = 1 mA

r= = 25'C, I„. = I mA

* Tc ^ tvax- l*. ~ I niA-

Tv,iM <~z± Tvax. I=. - 1 nlA

Tc = Vav (Intermittent)

I. = 1 mA

Electrical Characteristics (Note \\

Min

2.95

LM335A LM335 Units

Typ Max Min Typ Max

2.96 3.01 2.92 2.95 3.C4

0.5

'C

C.3 1.5 C.3 'C

Parameter Conditions

LM135/LM235

LM135A/LM235A

LM335

LM335A Units

Min Typ Max Min Typ Max

Operating Output Voltage

Change with Current

400 pA<l„<5 mA

At Constant Temperature

2.5 10 3 14 mV

Dynamic Impedance l„=! mA 0.5 0.6 a

Output Voltage Temperature

Coefficient

+ 10 + !0 mV/'C

Time Constant Still Air

100 ft/Min Air

Stirred Oil

80

10

1

80

10

1

sec

sec

sec

Time Stability TC=125'C 0.2 0.2 "CAhr

wwn.'.naaonai com
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APPENDIX 1-11: LM2904, LM358/LM358A, LM258/LM258A Dual Operational

Amplifier

FA1RCHILD

SEMICDNOUCTaR,i; www.fairchildsemi.com

LM2904,LM358/LM358A,LM258/
LM258A

Dual Operational Amplifier

Features

• InternallyFrequencyCompensated for Unity Gain
• Large DCVoltage Gain: lOOdB
• WidePowerSupplyRange:

LM258/LM258A, LM358/LM358A: 3V-32V(or=1.5V
-16V)
LM29W : 3V-2CV (or ±1.5V - 13V)

• InputCommonMode Voltage RangeIncludesGround
• LargeOutputVoltage Swing:OVDC to Vcc -1.5VDC
• PowerDrainSuitablefor BatteryOperation.

Internal Block Diagram

0UT1 f\ \

IN1(-)(Y)

IN1(+)(3)-: +

GND 'v4y

©2002Farrchild SemiconductorCorporation

Description

The LM29tHLM358.;LM35BA, LM258&M258A consist of
twoindependent, highgain, internally frequency
compensated operational amplifiers which were designed
specifically to operate from a single powersupply over a
wide range of voltage. Operation from split power supplies
is alsopossible and the low power supply current drain is
independent of themagnitude of tie power supply voltage.
Application areas include transducer amplifier. DCgain
blocks and all the conventional OP-AMP circuits which now

canbe easilyimplemented in singlepowersupply systems.

(f)0UT2

(s)lN2{-)

! "V)lN2(+)

Rev. 1.0.2
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