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ABSTACT

This report gives an overview about the solar pump motor that will be design. The main
objective of this project is to design a solar pump motor system for the irrigation in rural

areas,

Usually the water pumping systems for irrigation in rural areas use the animal or human
power source to pump the water. Even though there is electric energy from the suppliers
to operate the pumping system, it will coast highly. This is due to the implementation of
the transmission line needed. Chapter 1 briefly explained the background of study,

problem statement, objective and scope of study.

In the Chapter 2, the report will discuss on the literature review and the theory behind
this project. To design a solar power pump motor the understanding on cach system
components on how it work and basic idea of it are needed. The scopes of study for this
project will include the concept of solar energy, photovoltaic (PV) panel, photovoltaic
(PV) cell storage, operation of direct current (DC) and alternating current (AC), rectifier

and converter and control unit.

There are several methodology used in this project. The major is literature research on
the internet about the present solar pump method. Beside that, the additional reading
related to the solar pump motor design is also made. The Auto CAD also will be used in

the design drawing of the system. All of this will be explained more on the Chapter 3.

I



Several findings have been discovered during the research. It was found that actually
the photovoltaic (PV) cell is consisting of N-type and P-type material as like a
semiconductor device. The AC motor can be used even though the supply from

photovoltaic (PV) cell is direct current (DC). This can be done by using an inverter.

The concept of solar battery storage also has been studied during the research. There

will be more explanation of findings in the Chapter 4.
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CHAPTER 1
INTRODUCTION

1.1  Background of Study

This project is more on the conceptual design of the solar pump motor. In the first
semester the student is only do the research on the project. The implementation of the
project whether in prototype form or real systems will be completed in the second
semester. In this project all the solar pump motor system components will be studied.
The design of the system will include the solar photovoltaic (PV) structure, motor size
and a control unit. The major part focused in the project is designing the circuit
switching that will controlled the operation the system (PV and battery) the load

(motor)

1.2 Problem Statement

Rural areas are always facing the water-pumping problem. In developing countries they
are used extensively to pump water from wells and rivers to villages for domestic
consumption and irrigation of crops. Many methods have been discovered to pump
water with a minimum of effort. Usually the method used is by operating the motor
pumping using electricity. The conventional electric supply from suppliers will cost
highly for the rural area. This is due to the transmission line need to be implemented.

This problem can be solving by solar pump motor system that will be design. The



system is use the solar energy to operate the pump motor where it will save the money

in implementation of transmission line for the rural area.

1.3  Objectives

1. To study and design control unit of solar pump motor system for irrigation in
rural area.

2. To study the concept battery sizing of solar pump motor system.

3. To study and design the basic switching circuit that will evaluate the role of
power conditioning and control elements

4. To study the battery operation in photovoltaic systems.

1.4  Scope of Study

The scope of study of the project will more concentrate on designing concept the solar
system for irrigation in rural areas and designing the switching circuit. To make sure
this project will successfully done the study and deeply understanding on these area are

needed.

» Basic idea of solar energy.

»  Operation of photovoltaic (PV) cell and conversion of solar energy to electric.

» QOperation of the motor, alternating current (AC), direct current (DC), rectifier
and converter.

» Concept of solar energy storage in a battery.



» Concept of control unit as a switching for the solar pump motor.

In the second semester the scope of study for the project has been change a little bit.
The previous scope of study is on the designing the solar system for motor pump. But
after discussion with the supervisor, in the second semester the scope of study for the

project is designing solar system for the lighting.



CHAPTER 2
LITERATURE RIVIEW / THEORY

2.1  Overview of Photovoltaic System

The solar pump motor will designed is consisting of photovoltaic (PV) panel, power
storage (battery), a control unit as a switching part, inverter (DC to AC converter) and
motor. Photovoltaic (PV) panel will collect the solar energy and convert it to the direct
current (DC). This electric energy then is stored in the battery. The electric energy in
the battery is used by controlling a control unit (switching part). Then the direct current
(DC) from battery is converting to alternating current (AC) at the inverter before it will
used to move the motor and drive a pump. This conversion of DC to AC source is
depending on the usage of load. Generally the photovoltaic systems consist of a number

of part or subsystems as shown in Figure 1:

a) The photovoltaic generator with mechanical support and suns tracking system

b} Batteries (storage subsystems)

¢) Power conditioning and control equipment, including provision for
measurement and monitoring

d) The system may contain a supplementary generator or back-up generator to

form a hybrid system
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Figure 1: Photovoltaic System

There are two categories of the systems, grid connected and stand-alone. The type that
usually used in water pumping system is stand-alone. This type is the simplest form of
the latter consists simply of a photovoltaic alone, which supplies DC power to a load
when there is adequate illumination. The systems will usually contain a provision for

energy storage by batteries.

2.2 Phetovoltaic (PV) Cell

Photovoltaic (PV) cell is a semiconductor device that can convert the sunlight direct
current (DC). This is happened when the sunlight strike the photovoltaic surface
(contain of two different material, N — type and P — type) that is will produce the current
(electron). The photovoltaic cell is used in form of array arrangement that consist of

several panel on it. Figure2 shows the arrangement of photovoltaic cell into a panel.



Figure 2: Photovoltaic cells, modules, panels and arrays

2.3 Battery

A battery, which is actually an electric cell, is a device that produces electricity from a
chemical reaction. A battery consists of two or more cells connected in series or
parallel, but the term is generally used for a single cell. A cell consists of a negative
electrode, an electrolyte that conducts ions, a separator, also an ion conductor and a
positive electrode. A solar battery stored the sun's energy that converts to electricity.
The common type of battery used is deep-cycle battery. This battery can discharge more
of their stored energy and can maintaining for long life. The most commonly used deep-
cycle batteries are lead-acid batteries (both sealed and vented) and nickel-cadmium
batteries.

2.4 Control Unit



Control unit is an important part in the solar pump motor for irrigation in rural arcas.
The function of the control unit is to choose the operation whether to charge the solar
battery storage or to use the battery as an electric source to move the pump motor. It can

be design in two ways manually or automatically.



CHAPTER 3
METHDOLOGY / PROJECT WORK

Methodology in this project can be divided into three stages, research, design,
experiment on prototype and implementation of the project. In the first stage, the
research on the each components of the solar pump motor system will be discovered.
This research is conducted through the internet and reading from the book and technical
paper on the solar pump motor present. In the design stage, the drawing of the system
should be come out. This drawing is completed at the end of first semester. Beside the
conceptual design, the experiment on the prototype built also will be conduct. This is
important to understand the concept of solar motor pump will be design. The
experiment on the circuit switching built has been conduct to see whether it can
functional well or not. Beside that the drawing on the conceptual diagram of the solar
system and solar cart are produce. This is done through the study on the book and

internet. Below are the experiment conducted.

3.1  Experiment 1

The circuit is connected to a solar cell. The solar cell is connected to the circuit for 20
minutes to give or store the charge in the capacitor. During this time the LED (as a load
is ON). After 20 minutes, the solar cell connection to the circuit is brake. It is found that
the LED is ON all the time. The LED supposes to turn OFF when the capacitor is fully
discharge in a certain time. The circuit that was built for the first stage is shown in

Figure 3
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Figure 3: Basic idea of arrangement of switching circuit with the solar cell

3.2  Experiment 2

To overcome the problem in the experiment one, the student was connected four solar
cells in serial. The student was assumed that the power produced by one solar cell is not
enough. Before do the connection to the circuit switching, the output produced from the
serial solar cell has been determined. The maximum voltage produced is 33.416 volt
and the maximum current is 21 mA. The connection of solar panel is shown as in Figure
4.
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Figure 4: Connection of serial solar cell

This voltage and current supposedly is enough for the circuit to functional well. Then
this serial solar cell is connected to the switching circuit for 20 minutes to operate the
LED and store the charge in the capacitor. Again after the connection of solar cell is
taken out, the LED is ON without any limit of time. It is supposed to turn OFF with

depending to the concept of discharging the energy from the capacitor.

3.3  Experiment3

In the third experiment, the student was trying and error to trouble shoots the switching
circuit. It is found that the switching circuit is totally depending on the Vec that supply
to the Schmitt trigger. So it is mean that, the source or supply from the capacitor and

10



solar cell is neglect. After presenting these things to the supervisor, he also agrees with
that. So the solution is to find another method in implementing the circuit switching.
Finally after all the design and understanding of each component is finish the actual

solar pump motor will be implemented.

11



CHAPTER 4
RESULTS AND DISCUSSION

4.1 Review of the PV (Photo Voltaic) Solar System Concept.

PV (Photo Voltaic) Solar system is the conversation of solar energy to the electricity

source. Basically the PV solar system consists of:

e PV panel - PV panels produce the electricity from the sunlight.

¢ Power storage - Used to store the energy collected.

o Switching part - function either to run the motor or charge the batteries.

o Inverter — convert the DC (Direct Current) voltage to AC (Alternating Current)
voltage

e Energy conversion (motor) — as a mechanical tool to operate the pump system

The solar energy is collected through the PV (Photo Voltaic) cell. Then the electrically
energy is store in the battery. Controlling the switching part uses the storage energy in
the battery. After that the DC voltage from the battery is converted to the AC voltage.
The AC voltage then is used to generate the motor which is will produce the mechanical
force to spin the motor shaft. The design of Solar Pump System for Irrigation in Rural

Areas is similar to Figure 5 shown.

12
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Figure 5: Design of Solar Pump System for Irrigation in Rural Areas

4.2  Basic Concept of Photovoltaic (PV)

A photovoltaic (PV) array is consists of PV panel which is contain a certain amount of
PV module, and in this PV module there are many of cell. Figure 6 shows the

architecture of the PV array.

13
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Figure 6: Concept Photovoltaic Cell

A photovoltaic (PV) cell is a semiconductor device that can convert sunlight into direct
current (DC) electricity. The cell is built up from ultra - thin layer of phosphorous-
doped (N-type) on the top of a thicker layer of boron-doped (P-type) silicon. Each
material P-type and N-type is made of a millions of atoms. The atom consists of nucleus
(negative charge) and electron (positive charge)., which spin around the nucleus. The
electrons are all attached strongly to atoms. These bonding of atom happen at the top of
surface of the cell, where the P-type and N-type are in contact (P-N junction). At here
the P-N junction creates an electric field. So when the sunlight strikes material (P-type
and N-type), the energy from sun knocks the electron off of the atoms. The current will
produced when the sunlight strike the surface of PV which is the electric field at top

surface provides momentum and direction to light stimulated electrons.
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4.3  Type of Photovoltaic (PV) Cell

Most of the photovoltaic (PV) cell is made from the silicon (sand). There are four
general type of silicon photovoltaic (PV) cell:

i.  Single-crystal silicon
ii.  Polycrystalline silicon (multicrystal silicon)
iii.  Ribbon silicon

iv.  Amorphous silicon (thin film silicon)

i.  Single-crystal silicon

Most of photovoltaic cells are single-crystal types. To produce it, silicon is purified,
melted, and crystallized into ingots. The ingots are sliced into thin wafers to make
individual cells. The cells have a uniform colour, usually blue or black. Normally, most
of the cell has a slight positive electrical charge. A thin layer at the top has a slight
negative charge. The cell is attached to a base called a backplane. This is usually a layer
of metal used to physically reinforce the cell and to provide an electrical contact at the
bottom. Since the top of the cell must be open to sunlight, a thin grid of metal is applied
to the top instead of a continuous layer. The grid must be thin enough to admit adequate

amounts of sunlight, but wide enough to carry adequate amounts of electrical energy

15



ii.  Polycrystalline silicon

Polycrystalline cells are manufactured and operate in a similar as single-crystal silicon.
The difference is that lower cost silicon is used. This make the efficiency of this PV cell
is slightly lower, but polycrystalline cell manufacturers assert that the cost benefits
outweigh the efficiency losses. The surface of polycrystalline cells has a random pattern

of crystal borders instead of the solid color of single crystal cells

11i.  Ribbon silicon

Ribbon-type photovoltaic cells are made by growing a ribbon from the molten silicon
instead of an ingot. These cells operate the same as single and polycrystalline cells. The
anti-reflective coating used on most ribbon silicon cells gives them a prismatic rainbow

appearance.

iv. Amorphous Silicon or Thin Film Silicon

The three types of silicon above used for photovoltaic cells have a distinct crystal
structure. Amorphous silicon has no structure like that. Amorphous silicon is sometimes
abbreviated “aSi” and is also called thin film silicon. Amorphous silicon units are made
by depositing very thin layers of vaporized silicon in a vacuum onto a support of glass,
plastic, or metal. Amorphous silicon cells are produced in a variety of colors. Since they

can be made in sizes up to several square yards, they are made up in long rectangular

16



“strip cells”. Because the layers of silicon allow some light to pass through, multiple
layers can be deposited. The added layers increase the amount of electricity the
photovoltaic cell can produce. Each layer can be tuned to accept a particular band of
light wavelength, The performance of amorphous silicon cells can drop as much as 15%
upon initial exposure to sunlight. This drop takes around six weeks. The efficiency of
amorphous silicon photovoltaic modules is less than half that of the other three
technologies. This technology has the potential of being much less expensive to

manufacture than crystalline silicon technology.

44  Comparison of the Different Silicon Material

Figure 7 shows typical conversion efficiencies of silicon based PV modules. A lower
efficiency means more PV modules are needed for the same electricity output.
However, for the same electricity output the costs of all of these materials are similar.
Efficiency is a measure of the electrical energy output from the module or system as a

fraction of the light energy (sunlight) input into the module or system.

Typical Amorphous Monocrystalline Polycrystalline
efficiency silicon silicon silicon
module 3-6% 12-15% 10-13%

Source from http://www.solarexpert.com/pvtypes.htm!

Figure7: Comparison of efficiency of three type photovoltaic silicon

17



For the prototype built, type of PV module chooses is amorphous silicon. Even the
efficiency of the module is less compare to the polycrystalline silicon, but the price is

reasonable for the project budgets. So it is decide that to have the amorphous silicon.

4.5  Photovoltaic Arrays Arrangement

The solar panel that will be connected in the system must be connected with the
blocking diode. It is because the system includes a battery storage system where a
reverse flow of current from the batteries through the photovoltaic array can occur at
night. This flow will drain power from the batteries. By using a blocking diode it can
prevent the overcharging current flow from the solar panel to battery that will damage

it. The connection of the blocking diode is shown Figure 8 below.

BLOCRIA
DHIOE

:

¥eit Solar Panel

Figure 8: Connection of blocking diode
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A diode is used to stop this reverse current flow. Diodes are electrical devices, which
only allow current to flow in one direction. Basic operation of diode is shown in Figure

9 below.

CURRENT CAN FLOW THIS DIRECTION

|

— J—

BUT CANNOT FLOW THIS DIRECTION

Figure 9: Basic Operation of a Diode

4.6  Solar Storage Battery

In some applications, such as the use of photovoltaic cells for pumping water for
irrigation, the change in output of the cells through day and night is acceptable since the
power is required only for a few hours in each 24-hour period. For many applications,
however, the solar-cell array should be used together with a battery storage system that

can provide continuous power. During peak sunlight hours, the batteries are charged by

19



the solar cells, which produce more power than is required by the load. During the
night, the batteries discharge to operate the motor for water pumping activity. The use
of diode in the connection of battery with the solar cell is necessary to prevent the
batteries from passing reverse current into the solar cells and a voltage-regulating circuit
is normally provided on larger systems to keep the batteries from being overcharged by
the PV array. There are two types of arrangement, blocking and bypass diode and
bypass and isolation diode. Some voltage regulators will also disconnect the load to

prevent damage if the battery charge gets too low.

Lead-acid batteries specially developed for photovoltaic-system applications are
generally used, but any deep-cycle lead-acid battery may serve if necessary.
Automobile batteries are not highly satisfactory for this application because daily

charge and discharge cycles greatly shorten their useful life.

A solar-cell array with battery provides direct current (DC). The amount of energy can
store in solar battery called capacity. The capacity is measured in ampere — hour (Ah).
In order to understand the ampere-hour (Ah) concept, let’s take the example of 100Ah
of a battery. At here the battery can stand for 100 hour if it is discharge 1 ampere. The
battery also can supply discharge current 4 amperes'in 25 hours. So the more current
discharge, the time for battery to stand is reduced. Figure 10 show the discharge current

produce and the period for battery can stand.

20



Battery Capacity = 100 Ah

Discharge Current {ampere) |Period of battery can stand (hours)
1 100
4 25
10 10
20 5

Figure 10: Discharged current and period of 100 Ah batteries can stand

4.7  Solar Power System Sizing

Before determine to buy the component of solar water pumping system the calculation
on the system sizing is done. The calculation involves are the battery sizing and
autonomy back up that refer to the solar panel size that will be buy. The motor water
pump used is 12V, 5.4A. For the model of water pumping will be built the operation of

water pumping is half hour. So that the total current is:
Water Pump
Total current needed = 5.4A x 2 Hour
=27 AH
For the charging rate, it is assume that the energy that will be getting from sunlight is 5
hour after considering the cloudy case. So for safe side 5 hours of the sunlight is
assumed.

So that the charging rate:

Charge Rate = 2.7 Amps / 5 hours sunlight

21



=0.54 Amps/ Hr

I Unit Amorphous Solar Panel 18.7 W = 1.2 Amps / Hr (Charge Rate)
Solar Battery 7.6AH — 70% (usable) = 5.32 Amps
Autonomy (back-up) = 1.9 hours

48  Power Conditioning / Control Unit

Control unit or power conditioning unit is an important part in the solar pump motor for
irrigation in rural areas. The function of the control unit is to choose the operation
whether to charge the solar battery storage or to use the battery as an electric source to

move the pump motor.

The regulation approach used is known as series regulation. Figure 11 shows a block

diagram of standalone PV system including a series charge regulator element.

22
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Figure 11: PV system including a series charge regulator

The battery has a recommended voltage window between the low (V) and high
(Vmax) where it operates at rated capacity and efficiency. If the battery is forced to
operate outside of this window, it maybe damaged or operates incorrectly. The series

charge regulator prevents the battery from working out of this voltage window.

Basically the way of charge regulator works is by opening the load when the battery
reaches Vi, and connecting the load circuit when the battery has been recharged
enough so that its oufput voltage recovers. On the other hand, the charge regulator
disconnects the battery from the PV array when full charged is achieved. This mean the
battery voltage reaches Vi and reset the connection as soon as the battery has been

discharged enough.

23



The series of regulation can be easily implemented using standard electromechanical

controlled switches or relays as shown in Figure 12,

Relay | /

PV modules _

Relay 2 /

Battery

——

Load

Figure 12: Schematic representation of charge series regulation

Figure 13 illustrates an example for a battery with nominal voltage of 12 V, showing the

desire voltage for switching relays 1 and 2. In this case the battery voltage window

operation is limited by Viyax = 13.9 Vand Vpin =11 V.

Relay 2
Battery-PV panel Battery-load
CLOSED OPEN OPEN CLOSED
PV module PV module Load disconnected Load connected
connected disconnected
Vit =128V Viax = 139V Vmin=11V Vi =12V

Figure 13: State of switches
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Using two comparators with the hysteresis loop shown in Figure 14 can make the signal

controlling the relay switching.

Vo Yo A
Relay 1on Relay 2 on
> +——p
» F s
Relay 2 off
¢ Relayl off
L » 4+ >
i2.8 139 11 12
Vhattery (V} Vhattery (V)

Figure 14: Hysteresis loops for the two comparator

By the same nature as series regulation, the only power losses at the relay, which are
small compared to the losses resistor and transistor used in parallel regulation. The
balance of energy suffers to some extend because part of energy generated by the PV

models is lost when the input to the battery is switch is open.

4.9  Designing Stages

Instead of using two relays as shown in Figure 14, the SPDT (Single Pole Double
Throw) switch can be used. The block diagram of this simplification is shown in Figure

15.

25
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Figure 15: Schematic representation of charge series regulation with SPDT

The detail design of the basic control unit is shown in Figure 16.
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Figure 16: Basic idea of control unit switching
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In this design stage, the rechargeable battery used is 12 V. So the circuit built will

monitor the 12 V batteries. When the battery’s voltage drops below 10.5 V, the battery

26



will change its connection to the charger (solar cell). When the battery voltage reaches
13.5V, the battery will disconnect from the charger (solar cell). Therefore, Vi1 = 10.5
and Vyr = 13.5. In this design, the —V supply voltage is used for Vi and it is assume
equals to -15.0 V. This voltage is gathered from +15V supply. Its value than converted
to -15V for —Vsat by using voltage regulator 7906. The £V, = £13 V. So that the

parameter for Vi and V; resistor mR and resistor nR are calculated as below.

Vu=Vyr-Vir=135V-105V=30V

Ver =(Vur-Vin)=2=(135V+105V)+2=120V

Vetr is the nominal battery voltage. Arbitrarily the resistor R is choosing to be readily

available value of 10 kQ. The Vrchoose -15 V to make the sign of m positive:

m=-(Vir/ Vo) =-(-15/12)=1.25
So that, mR =1.25 x 10 kQ =125 kQ
Forn,
n={+ V= (-Vsa)} + Va=(13 V- (-13V))/3=8.66

So that, R = 86.6 k(2

Figure 17 below show the output wave for V, and Ei.
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.
|

1. 8ing 1.2ms

Time

a) Plot of Vo (Output Voltage of Comparator) and Ei (Battery Voltage) vs. Time from

PSpice simulation

s G(Ua)

b) Plot of Vo (Output Voltage of Comparator) vs. Ei (Battery Voltage) from PSpice

Simulation

Figure 17: Simulation of V, (Output Voltage of Comparator) and Ei (Battery Voltage)
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After successfully built the basic switching control circuit, the circuit was modified to

more functionality of display and the capability. The circuit in Figure 18 below shown

the extended from the basic switching circuit has been design.

1k Qrm

1 F TO SOLAR FPANEL

IMgap) [ ——
-

o UrEET (N

(;
SE Ol Tt

G0k O

_Lyrg
_ oy B
" 2

STORAGE BATTERY

t kOhm

A rannd

R v

T0 PUMP MQTOR

F00kQbin

Figure 18: Extended circuit of basic switching circuit

4.10  Circuit Operation

The circuit designed is shown in Figure 16. When the Ei drops below 10.5 V, V, goes
negative, releasing the relay to its normally closed position. The relay’s normally closed
(NC) contact connects the charger battery £i. Diode D1 protects the transistors against

excessive reverse bias when V, = -Vg,,. When the battery charges to 13.5 V, V, switches
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t0 +Vgat, which turn on the transistor and operates the relay, whose NC contacts open to
disconnect the charger (solar cell). Diode D2 protects both op-amp and transistor

against transients developed by the relay’s magnetic field.

4,11  Overall System of Solar Water Pumping and Conceptual Wiring Design

The solar component used in the model of solar water pumping system is solar panel,
battery and 12 V water pump. The entire component was bought from the Sol Lite
Company Malaysia. After the buying process is completed the component is assembled
and interface with the switching circuit was built. Figure 19 is the illustrated of the solar

water pumping system and its portable cart.

SCHEMATIC PV CIRCUIT DRAWING

! 7 f dos

12V water pump motor
Swich —
Losd Cedpu

a) Schematic PV circuit drawing
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ﬂSﬁlar pang!

™~ Solar stand

Placement of charge controller and
hattery storage

b) Portable solar cart
Figure 19: Schematic PV Circuit Drawing

Before determine to buy the component above the calculation on the system sizing has
been done. The calculation involves are the battery sizing and autonomy back up that

refer to the solar panel size that will be buy. Below is the calculation that has been done.

The conceptual wiring design of the Solar Pump Motor for Irrigation in Rural Areas can
be seen in the Figure 20 and Figure 21. The conceptual design is using 12 V light bulbs

to represent the motor for water pumping.
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Solar Panel

Switching-work base on

battery's level voltage | Dark On Relay
9 f\ o
= = Load
Battery

Figure 20: Wiring Diagram for switching circuit

The concept is as below:

Switching part or controller is base on the battery’s voltage-level hysteresis. The
switch will move to the load when the battery reaches upper threshold voltage, Vyr.
The switch will move back to the solar panel when the voltages reduce until lower

threshold voltage, Vi1

When the switch is connected to the load, the current pass by must depend on the
Dark On Relay, which is consist of LDR (light detector resistor). If the condition of
the process is on the day, the load (light) is not on. Whereas when in the night
condition the load (light) is on.

So that the operation of the load are depends on the voltage-level of battery and the

condition of day.
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4.11.1 First Design

o .0 I » 2
—Y 1 weo &
. W00 Ches —tl 1Y G [
\ ilea &Y B rail_LED

solar cell 42y SA - -

I 3138 Syl
53y a4 2 —
Y iy o

. e ATy

Figure 22: Switching Circuit Using Ls 7414

The first design of switching circuit is shown in the Figure 22. The circuit use LS 7414
to trigger the switch that connected between solar cell and capacitor. In this design the
capacitor is used to represent the battery storage. There are several problems were

encountered in the first design:
e The LED is ON all the time when the connection of solar cell to the circuit is broken

» [is suppose to turn OFF depending on the discharge time of capacitor

e No automatic changer from the solar panel to the storage and to the load
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4.11.2 Second Design

05 by
m
—_L—_U‘_I:I L iy
- — L
[t Load .
{filAe e Jhm P Y l E:
& - D2. A e
LEAFE =
vy ’_ﬁ“: s Ir’;’]:»1 J;!ﬁiﬁ
~ Vo D1 Represent solar sell
[FHras i Comasi™y
iy = Power Supply
:I_ * (Rechargeable battery)

Iigure 23: Second Design of solar switching circuit using LM 741.

The second design is shown in the Figure 23. The circuit use LM 741 to compare the

battery’s voltage level that has been set. The idea of the second design is as below:

® The circuit will monitor 12 V battery storage
® When the battery’s voltage drops below 10.5V

» Vo goes negative and will activate relay normally closed connect the

battery to PV cells (charger)

» D1 used in the design is to protect against excessive reverse bias when
Vo =-Vsat

® When the battery’s voltage reaches 13.5V
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» Vo is equal to +Vsat, This will turn on the transistor and operate the

relay connect to the load

» D2 used in the design is to protect both op-amp & transistor against

transient develop by relay’s collapsing magnetic field

The designing procedure of the second design is shown below:

» The design is based on the curve Vi vs Ei — amount of hysteresis voltage in

comparator

» Designing step:

Determination of VH & Vetr:

VH = VUT - VLT Vetr = (VUT + VLT) / 2
=13.5-10.5 =(13.5+10.5)/2
=3.0V =12.0V

Choose resistor R to be readily available = 10kQ. Choose the Vref = -15V to make sign m
positive:

m = -(Vref / Vetr) =- (-15/12) = 1.25

therefore mR = 1.25 x 10kQ) = 12.5kQ

Find n:
n=[+Vsat—(-Vsat)]/ VH=[13-(-13)] /3 =8.66
therefore, nR = 86.6k 2
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The concept of this design is referred to the general plot of voltage-level detector with

hysteresis shown in Figure 24.

+¥o ] YovsE
et |
| —Ctr =12.0v
0 =] N
A 7 Ei
LT YUT =135V
=10.5¥
-Wsat
-Vo

Figure 24: General plot of voltage-level detector with hysteresis.

4.11.3 Third Design

The third design is to construct the circuit will make a switch that will be activated by
light falling on a sensor. It is a very useful device and can be used in automatism of
solar switching circuit when it combined together. It is very sensitive, fast acting and
reliable. The circuit uses a Light Dependent Resistor (LDR) as a sensor and timer 555 to
amplify the signals from the LDR and drive the relay, which does the switching. The
circuit of the Dark On Relay is shown in Figure 25.
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Figure 25: Dark On Relay Circuit

The dark on relay circuit will be combined with the switching circuit that was

implemented in the first semester. The switching circuit implemented is shown in

Figure 26.

RLY1
12VEPDT

ve M1l

-
|

QL1
ENZEZZ

e
_i'!' v3
= 10V

2

Figure 26: Switching circuit using LM 741
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4.11.4 Fourth Design

Theoretically, the dark on relay circuit will activate the switching circuit when the LDR
(light detector resistance) detect the light. Then the relay will switch to the switching
circuit that will activate the relay to operate the load. This circuit will be tried in the lab
to make sure that it will function properly. The idea of combination circuit with the

switching circuit is illustrated in the Figure 27,

Dark On Relay Circuit
vL

S

: YL
R2 R 12 s{73PDT
500k 40% %% LEDL ——

555 . o1 E@
3 ek x> 1¥4148
rg  Dis
.
3

RL¥2Z
.LZU'EPDE
e i a—
M1
Load
01

I us

= 249V epresent Solar Cell

R7 B4q
lox IW9la

QL
eNezze

l Switching Circuit
Vi v3 Rechargeable Battery

o MV = 1oy

Figure 27: Combination of Dark On Relay Circuit with Switching Circuit
There are several problems facing by this design that has not been solved yet. The

connection of the dark on relay to the switching circuit is not work properly. The

combination of the circuit needs to be looking again.
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4,12 Components of Solar Water Pumping System

Below are the components used in the solar pumping motor model that has been built.

2

a) Water pump motor 12V b) Deep cycle battery

¢) Front panel charged controller SA d) Back panel charged coniroller SA

40



f) Amorphous solar module 18.7W

Figure 28: Solar System Components
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CHAPTER 5
CONCLUSION AND RECOMMENDATION

Most of the work done is follow the schedule. The concept for each part in the solar
pump / lighting system in rural areas has been discovered studied and implement. The
theoretical on voltage hysteresis has been implemented to produce the basic concept of
charge controller for solar switching mechanism. The whole project had been outline
into two-semester plan. The first semester is on intensive reading and research on solar
components part and the previous related project. On the second semester is to build the
basic charge controller and model of solar pumping system for irrigation in rural area.
The project is more on the design of basic switching part (charge controller) for the
solar pumping system. The mathematical procedures on the hysteresis voltage concept

have been shown for design the basic charge controller.

Future work expansion and continuation may be implemented for this project especially
on sensor part. This project may be implemented on the UTP basement. This solar
system will pump out the water if the level is in critical limit. This may be implemented
with interfacing the water level sensor and automatic controller in order to operate the
pump if the level of water achieves the critical limit. This smart system will make sure
the flood in basement can be avoided by using the solar system, which is more portable

and cheap.
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APPENDICES

APPENDIX 1-1: Suggested Milestone for the First Semester of 2 Semester Final Year

Project

APPENDIX 1-2: Suggested Milestone for the Second Semester of 2 Semester

Final Year Project.

APPENDIX 1-3: LM193/LM293/1L.M393/LM2903 Low Power Low Offset Voltage

Dual Comparators

APPENDIX 1-4; Voltage Comparator

APPENDIX 1-5: Basic Comparator Operation
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APPENDIX 1-3: LM193/LM293/1.M393/LM2903 Low Power Low Offset Voltage

Dual Comparators

&National Semiconductor

General Description

The LM193 sefies consists of two independent precision
voltlage comparators with an offsat valtage specification as
law as 2.0 mV max for wo comparators which were de-
signed spedfically 10 operate from a single power supply
over a wide range of voltages. Operation from split power
supplies is also passible and the low power supply current
drain is indepandent of the magnitude of the powsr supply
woltage. These comparators also have a unique charactaris-
tic in that the input common-mode voltage range includes
ground. even though operated from a single power supply
voltage,

Application areas incuda limit comparators, simple anafog to
digital converters: pulse, squarewave and time delay gen-
erators; wide range VOO, MOS clock timers; multivibrators
antd high voltage digital {ogic gates. The L1953 series was
designed 1o directly interface with TTL and CMOS. When
aperated from both gius and minus power supplies, the
Li182 series will directly intedace with MOS logic whare
their low powss drain is a distinet advantags over standard
comparaters.

The EM383 and LM2903 parts are available in National's
inncvadive thin micro SMD package with 8 (12 mil}y large
bumps,

LM193/LM293/LM393/LM2903
Low Power Low Offset Voltage Dual Comparators

August 2002

Advantages

m High precision comparators

Reduced Vgg drift over tamperature
Efiminates need for dual supplies

Allows sensing near grount

Compatible with ali forms of logic

Power drain suitable for battery aperation

Features

® Wide supply
— Veltage range: 2.0V to 38V
— Single or dual supplies: +1.0V to =18V

m Very low supply current drain {0.4 mA) — independent
of supply voliage

u Low input blasing currant: 25 nA

u Low input offset current: 5 NA

w Maximum offset voltage: =3 my

o Input scommon-mede voltage range includes ground

w Differential input voltage range equat to the power
supply voltage

® Low output saturation voltage.: 250 mVY at 4 mA

o Oulput voltage compatible with TTL, DTL, ECL, MOS
and CMOS logic systems

o Available in the 8-Bump (12 mil) micro SMD package

m See AN-1112 for misro SMD considerations

Squarewave Cscillator

FISTOLEE

Nen-lnverting Comparator with Hysleresis

v
Wapp Orer—f > 3
<
>
12 LMI193 p—C Vo
L]
Vi OenAAA +
108
b hd
O5TE0R

£ 2002 National Semiconducter Comporation 08005708

www. national.cam
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Absolute Maximum Ratings ot 1o

It WMilitary/Aerospace specified devices are required,
please contact the National Semiconductor Sales Officel
Distributors for availability and specifications.

LA193/LM 1934

LI2003
Storage Temperaiura Aange
Lead Temiperature

~55°C to +125°C
-40°C 10 +85'C
-65°C to +150°C

CO6ZA/E6EINTVEGZINI/ES HNT

Supply Vultage. V' Y (Solderirg, 10 seconds) +260°C
Difterential Input Voltage {Mote ) 3y Soldaring Information
Input Voltags ~-0.3Y to +38Y Dualn-Line Package
Input Current [V, <-G.3V) iMote 3) 50 mA Soldaring {10 ssconds} 260°0
Power Dissipation (Mote 1} Small Outline Paskage 215°C
Melded DIP TBO mw Vapor Phass (60 ssoonds)
Mtal Can 650 myy Infrared (15 secands) 2200
Smal Outine Package 510 m¥ See AN-450 “Surfaca Mounting Methods and Their Effect
migro SMD Pacakge SE8mMW on Produst Reliability” for ather metheds of saldering
Output Shart-Circuit to Ground surface mount devices.
(MNete 23 Cartinuous £30 rating
Operating Temperatures Hange {1.5 k2 in series with 100 pF) 12300V
LMaga JGto +70°C
L2933 -25'C 1o +85°C
Electrical Characteristics
=8V T, = 25°C. unless otherwise stated)
Parameter Conditions LET193A Unite
Min Typ ke
Input Offzet Voltage {Nots 9} 1.0 2.0 Y
Input Bias Cument Ll or |gf~) with Quipat In Linsar 25 100 nA
Rangs, Yoy = 0¥ (Note &)
Input Cfset Current ILN(+)—\.N{:j|-VGM =0V 3.0 25 i
Input Cornmaon Mods Vi = 30V (Nete G) 0 Vi-1.8 ¥
Voltage Range
Supply Current A =e V=5V 6.4 1 mA
Y =25y 1 25 mé
Valtage Gain R 215 ke, Y'=18Y 50 200 Wimy
Vg = 1V to 11V
Large Bignal Responsa W= TTL Logic Swing, Vgge=1.4¥ 300 rs
Tirne V=5V, Bi=51 k2
Response Tirme WVao=5, R =51 ki1 (Note 7) 1.3 e
Cutput Sink Current Wi=)= 1V, Vi #120, Vo1 5Y 5.0 18 m#A
Saturation Vellage Vil =1= 1V, ¥ +12D, lgnesd mA 250 400 mV
Cutput Leakage Current Vil =1=0, Yial+i=1Y, Vo=5V B A
Electrical Characteristics
(Mr=5Y, T, = 25'C. unlgss otharwise stated)
Parameter Conditions LA93 Lit293, LM393 1 M2903 Units
Min Typ Max |Mir Typ Max [Min Typ Nax
Input Offset Voltage Mote @ 1.0 5D 1.0 5.0 26 70 my
Input Bias Currert L) or Lyl-) with Qutgut In 25 100 25 250 25 280 nA
Linear Bange, Vg, = OV (Note 5)
input Offset Current b Fi=lpgl=] Vop = GY 3025 50 5D 50 B0 na
Input Gamman bMode V4 = 30V iNute 6] 0 Vi—15]| 0 Vi-158] O Ye—15] V
Voltage Range
q wanv. mationat.eom
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LM193/LKI283/LM393/LM2903

Electrical Char

acteristics (Continued

(M7=5V, T, = 25°C, unless atherwise statedj

Parameter Conditions 13193 Li293, LM393 1.M2503 Unite
Min Typ Max [Min Typ Max |Min Typ WMax
Supply Gurrent Ry = Vrasy 0.4 1 o4 1 04 10 mA
W=agYy i z5 1 25 1 2.8 A
Voltage Gain Rzi5 ke, Vi=15Y 50 200 50 200 25 100 Vimd/
Yo =110 1Y
Large Signal Response |V, =TTL Logic Swing, Vgee=1.4V 300 300 300 ns
Time V=5V, R =5.1 ku
Response Time V=5V, R =51 ks) [Note 7) 1.3 1.3 1.5 us
Onput Sink Current Vil == 10V (#]=0, Vgt BY 60 16 6.0 18 6.0 18 mA
Saturation Vollage Vil=i= 1Y, Vigi#l=0, lgpgesd mA 250 400 250 400 250 400 | mV
Qutput Leakage Currert [ Vil-1=0, Vi +=1V, VozBY 0.1 A 01 nA
Electrical Characteristics
V+ = 5V iNate 4
Parameter Conditions L1934 Units
tkin Typ Max
Input Offset Voltage (Note &} 40 my
Input Offset Curient iy~ it Yioug=0¥ 100 nA
Input Bias Cument hrglH or Ly(= with Qutput in Linear Range, 200 nA
Vo=V [Mots 5)
Input Commen Mode V=30V {Note 63 G V2.0 \
Voltage Rangs
Saturation Voltage Vinl=i= 1V, Vi) =0 lgnesd mA 70 my
Dutput Leakage Current Vin(=)=0, Vingg= 1Y, V=20V 1.0 A
Differential Input Voltage Keap All Vi, 520V (or V-, if Used), (Note &) 36 v
Eiectrical Characteristics
(¥ = 5V {Note 4)
Parameter Conditions LiM1ga LM2¢g3, LM3s3 LM2903 tinits
Min Typ Max |Min Typ Hax |Min Typ WMax
Input Citset Voltage iNote 93 9 9 9 15 my
Input Oftset Current gy~ by Yoa=0¥ 100 150 50 200 nA
Input Bias Currant I} or =} with Qutput in 360 400 200 B0 nA
Linear Range, V=0V
(Note 5)
Input Commen Mot V=30V {Note ) G yr-20] @ 20§ 0 2.0 vV
Yoltage Range
Saturation Voltage Vied=3=1V, Vi(+)=0, 700 700 460 700 my
lanrsd MA
Cutput Leakage Current |V d-)=0, V,Nm:ﬂaﬂ V=204 10 1.0 1.0 pA
Differeniial Input Yoltags | Keep Al Vi, 'se0Y (or V-, if 36 36 36 V
Usgl), {Nate 81

provided tha outpul transistors

arg allowed lo safurate.

Nate 1:- For operafing at high {smperaiungs, ihe LM323 and LM2303 must be derated based cn @ 125°C maximum junction temperature and a fhermal resisiance
of t70'CAN which appliss for the devics soldarad in 2 printed circuil board, oparafing in a st air ambiant. The L1831 83ALMRS3 must bs derated based on
a 150°0 maximurm junclion temiperattre. Tha lav biag dissipation and the "OMN-OFF” characterisiic of the eulpits kesps the chip dissipatiaon vary smatl (P2100 mW),

Nate 2; Shert circuits Iram the oulput Lo ¥* can sause sxsessha hoaling and eveniual destrudlion. Whan considering sho of muits to ground, the maximum ouiput
cument i3 approximataly 20 maindependenl of the magnituds of V*.
Note 4 This input curert will only sxist whaen ihe vollags at any of fha input leads is driven nagative. If is due 1o the coliector-base junction of the input PNP
transistats becoming torward biased and iheraby acting as inpul dicda clamps. In addition 10 this dieda action, there is alse lateral NPN parasitie rangisior action

waywenalional.com
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APPENDIX 1-4: Comparator Operation

The following drawing show the two simplest configurations for voltage comparators.

The diagrams below the circuits give the output results in a graphical form.

For these circuits the REFERENCE voltage is fixed at one-half of the supply voltage
while the INPUT voltage is variable from zero to the supply voltage.

In theory the REFERENCE and INPUT voltages can be anywhere between zero and the
supply voltage but there are practical limitations on the actual range depending on the

particular device used.

BASIC OPERATION OF YOLTAGE COMAPARATORS

@ROB PAISLEY 2002 Conparator Oparation
CIRCUIT - A CIRCUIT-B
Y+ V+ 'y e @ -
Rl é
RY
¥ - REFEREMCE - | ------- V= INPUT - (N
Y- INPUT  weoe g ¥ - DUTPUT ¥ - REFERENCE --: | --eeee- & ¥ - QUTPUT
RY
R2
R1 = R2
oM oV + * L
I 3 F
X B LT e W e r———
1729+ 1724+
oV ov
¥~ INPUT - REFERENCE ¥ - OUTPUT V- [NFUT v - REFERENCE ¥ - OUTRUT
ntipdAhome cogeco caS T rpaislevad Circwit index htmi
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APPENDIX 1-5: Basic Comparator Operation

Basic Comparator Operation

Input Vs. Output Results

1. Current WILL flow through the open collector when the voltage at the PLUS
input is lower than the voltage at the MINUS input.

2. Current WILL NOT flow through the open collector when the voltage at the
PLUS input is higher than the voltage at the MINUS input.

COMPARATOR - OUTPUT RULES

L—+ DUTPUT TRANSISTOR H — QUTPUT TRANSISTOR
15 ON IS OFF
L H
CURRENT WILL CURRENT WiLL
H—A— FLOW L — HOT FLOW

htipdZhemecagecoca/“rpgisleyd/Circuitindex.himl

Input Vs. Output Results
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