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Abstract

During the course of designing and developmentywvere successfully able to
complete our section of the project. The focuswfmroject was to design a 1/12 scale model of
a sustainable transport system that would be abilert automatically. The goal of this project is
to develop a personal rapid transit (PRT) systenchvban be used in most urban locations. The
system will provide an alternative means of tramtgiimn for the community. The PRT will
reduce wait time, travel time, and also have atpasimpact on the environment as it will run
completely on solar energy. The project involvesotss groups such as mechanical, civil,
computer and electrical engineers who had to focugarious aspect of the project. As the
electrical engineering group we had to focus ongiésg the power system that would be able
to power the whole system. Our group’s main tasiaivesting and distributing enough solar
power to the 1/12 scale model track to handledhd bf three pods and its control. The second
task given to us is to figure out a way to switclah alternative source of power when the solar
panels are not producing enough energy. Our fasX is to design a third rail system which
works as a transmission line to power all the comemds on the track. The team consists of four
graduating seniors that have implemented theitssltiey learned at San José State University to
come up with a design of the power system and ssb@aéy build and test it. The cost of
developing and testing our prototype is coveredinyteam. Each task is assigned to capable

members who have demonstrated exceptional effigiand drive throughout the project.
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Background:

The increase in population in large urban areasdwasgted in increased traffic on our highways.
The result of this increase in traffic is leadingan increase of pollution into our environment.
With the advances in technology over the past cgniiuis now feasible to create an Automated
Transit Network (ATN). An automated transit netkes a mass transit system comprised of

vehicles and guide ways which exhibit the followtitaracteristics:

1. Automatically controlled vehicles which travel teetr destination without human
intervention.

2. On-demand service. A vehicle arrives when summorader than on a predetermined
schedule.

3. Supervisory safety and availability monitoring. el$tate of each vehicle in the system,
and all of its subsystems are continually and aatarally monitored for state and
optimal function.

4. Non-stop service to the destination. Basicallyassdates stations which are not on the
main line of transit (called offline stations) .

5. A discrete guide way, separate from existing roacgwa

The goal of the project is to have a positive inigacsociety. This will benefit not only
the people of the community, but it will also havpositive impact on the environment.

The other benefits for Solar Powered Vehicles (S&¥)listed below:
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« Because an SPV have few moving parts, repair emsta smaller amount than for
conventional means of transportation.

- Since there is no internal combustion engines, ingahere are no emissions.

« Electric vehicles put out very little noise.

- Additional emissions are not produced by power fglagsince SPV's run only on solar
energy.

- Efficient vehicles have traveled a mile on lessrgp¢han a 100-watt light bulb
consumes in one hour. (For a gasoline-poweredcachieve comparable efficiency, it

would need to get 500 miles per gallon.)

Cost

The cost of the project included purchasing comptor the prototype and the final design.
The team members all contributed to the purchaalinpe component s needed to design the

power system. Some of the equipment such as the gahels was donated to the overall project.

Table 1: The table shows the breakdown of the number andofasaterial needed to build the

power system

description number | cost
PCB 5 115.00
LM338K 3 15.00
Arduino Uno 1 23.00
LED display 1 15.00
Heat sink 1 5.00




San Jose State University

Electrical Engineering Department 6
fan 1 10.00
Capacitors 20 15.00
Diode 5 8.00
LM7812 1 1.00
LM7805 1 1.00
fuse 5 4.00
switch 2 5.00
relay 1 10.00
Current sensor 1 15

The major cost in building the power system ashmseen above was having a external
company make the PCB. The reason why we took ils was because of time constraints and

we needed the final product to look professional.

Team management

Our group consists of four members and each mehdsetheir own way of approaching
to a problem and doing things. Each member had ¢hen vision and idea on how to implement
and complete this project. We knew everybody hhe& bwn ways of doing things and our
main priority was to listen to each other’s idead putting them together into one main idea to
achieve our goal. Each member had to make littleflkompromise to their ideas to achieve the
big goal which was to design the power system e tiOur team developed a timetable that

contains tasks for each week starting from thé Week of the semester till the last week of the
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semester. Starting of each week the tasks werdatiequally between each member and our
goal as a group was to complete the assigned lgstkte due date.

During our first team meeting each member expresaiddesire on which aspect of the
project they would like to be involved in. Each Wwekiring our team meetings we all worked
together on building the power supply circuitry amdling the microcontroller that will be used
to monitor the power system. During these meetawgsy member also shared new ideas from
the research they did each week on designing thepsystem. For any reason if any member of
the team missed the team meeting he was contactkgiven update of the meeting. Our main
sources of communication were cell phone text andile Communicating with each other was
the best solution for solving any disagreementiiwibur team members. Attending weekly
team meeting was each member’s first priority taltars project. Also each week one or two
member voluntary agreed to keep in touch and sepribgress of the other engineering groups
involved in this project. This was helpful for agnoup to understand at what pace we should be

working on to keep up with the productivity of tiwaole project.

Skill set

All the members in our group have completed thicaticourses required to graduate
with the B.S in electrical engineering up this goifherefore we all possess some basic
knowledge learned from these courses. Apart fraahitten and Raman who are currently
enrolled in EE134 which is a power system coursag lielped us with this project since we are
dealing with high power circuit. This course at Jase State University provides the knowledge

of power system and power losses faced by high ptraesmission lines. Even though we are
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not dealing with 3 phase voltage involved in trsmission lines, we still need the knowledge

of power losses in system with high currents arithges.

This project also requires knowledge provided iarse such as EE122, and EE124 for
designing circuits to output desire current or &g#. Course that involved designing the control
system for the power system swash EE120, EE13®r C++ or EE124 which involved python
gave us confident and helped us in understandidgwaiting the code required to build the
digital part of the circuitryOther basic skills such as reading and understatadsheets for
components learned during course which involved teddped us when we dealt with component

that we never used in school before.

Design

The design for the power system had to meet aigart@mimum requirements. This requirement
was that it should output a steady 12V, with a mmaxn current of 5A and be able to have two
sources of inputs going into it. The key comporfenthe power supply was the circuitry that
would regulate the input power and the controleysthat would monitor the two sources of
power (the solar panel and power from the gride $mmary of the power system is shown

below in the block diagram.
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Primary Power Power
Monitoring
Source and Control
System
(Solar Panels) (ATmeaa328P

Relay Third Rail

System That
(G2RL-2) Will Power
Secondary The Train

Source (Utility
From The Grid)

Figure 1: the figure above shows the block diagram of thwer system

Control Functions:

The controls section of the circuit is designegedorm three main functions: (1) monitor
voltage and current being supplied by the solaefzamsing Analog to Digital Conversion, (2)
display voltage and current values from the sotargts in real time on a 16x2 LCD display
module, and (3) output a signal that triggers ayrswitch when there is sufficient power
provided by the solar panels. For these functioasiose to use Atmel's ATmega328P low
powered microcontroller chip, along with the Ardaiildno R3 microcontroller based board to
communicate with it. Figure 2 shows the chip’s pames and diagram, along with their

corresponding Arduino functions.
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Arduino function
#]1 PCS (ADCS/'SCUPCINTI) analog input §
2] PCA (ADCASDAPCINTIZ) analog input 4
=] PCI (ADCIPCINT11) analog Input 3
#1] PC2 (ADC2PCINT10) analeg input 2
2] PC1 (ADCVWPCINTS) analog input 1

Arduino function
reset (PCINT14/RESET) PCaL]
digital pin 0 (RX) (PCINT18RXD) PDOLC]2
digital pin 1 (TX) (PCINT17/TXD) POD1
digital pin 2 (PCINT18ANTO) PD2]«
digital pin 3 (PWM)  (PCINT1G/AOC2BINT1) POAC]s

digital pin 4 (PCINT20/XCKITO) PD4 e a1 PCO (ADCOPCINTSE) analog input 0
vCce veooy 2] GND GND
GND GND[] ] AREF analog reference
crystal (PCINTE/XTALVTOSCY) PBSL)s =] AVCC VCC

w]] PBS (SCK/PCINTS) digital pin 13
wl] PB4 (MISQ/PCINT4) digital pin 12
1] PB3 (MOSKOC2A/PCINTS) digital pin 11 (PWM)
1] PB2 (SS/OC1BPCINTZ)  digital pin 10 (PWM)
1] PB1 (OC1APCINT1) digital pin 9 (PWM)

crystal (PCINTZ/XTAL2TOSC2) PET ™
digital pin 5 (PWM) {PCINT21/0C0RT) PDS[C]n
digital pin 6 (PWM)  (PCINT22/0CO0AAING) PDS]w
digital pin 7 (PCINTZ3/AINT) POT [}
digital pin 8 (PCINTOCLKQACP1) PBOL]

Figure 2. ATmega 328P pin mapping

Analog to Digital Conversion:

Analog to Digital Conversion (ADC) is done by reglian input voltage and assigning that
voltage value to a corresponding numerical values Theans that the microcontroller can read
an analog signal and save it with a digital nuntban can be used later. Figure 3 shows an
example of how this is done using 3-bit ADC. Thadil and blue lines represent the analog
input signal and the saved digital signal, respetti The red points show where data was taken,

notice how at each point the corresponding digitah is rounded to the nearest 3-bit number.
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Figure 3: Analog to digital conversion

The ATmega328P is capable of 10-bit ADC with inpiginals ranging between 0 — 5 Volts. This
allows for a much more accurate reading than tbas3dsed in Figure 2. Instead of 0 — 5 Volts

being represented by a number 0 — 7, it is repteddsy a number 0 — 1023.

Monitoring VVoltage:

The solar panel’s large voltage range of 0 — 323/ptesented a small problem for the
microcontrollers 5 Volt maximum input. The simptdgion here was to use a voltage divider.
Choosing the right resistors we split voltage s #t 32 Volts, we read a corresponding 5 Volts
over the dividers smaller resistor. This AnalodAttalog Conversion allows us to input a
readable analog signal to the ATmega328P, andrdtaiculate the larger voltage we want to

monitor. Figure 4 shows this portion of the corgrakcuit.
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PC4(ADC
Input 22k 281 pes(anc

=—Upes(RESE

=2 AREF

R3

RS
’\/1}(/\/ AYAAY

3.3k

GND

Figure 4: voltage monitoring circuit

Monitoring Current:

To monitor the current running from the solar parelthe track we used a separate chip
designed to do exactly that. It is the ACS714 hir&ensor Board, Figure 5. The diagram in

Figure 6 shows how to connect the sensor to theocoatroller.

Figure 5: ACS714 Current Sensor Board
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Figure 6: Current sensing circuit

The pins labeled i+ IN and i+ OUT are connecteddnes with the positive wire of the solar
panels before the LM338K regulator. The pin lab&D&dil in Figure 6 is the chip’s only data
output, which sends an analog voltage to anotherodthe ATmega328P’ss ADC pins. Just like
when reading voltage, the converted digital nunfimen the ACS715 needs to be recalculated in
order to represent the correct current value. TGSAL5 can read current between -30 Amps and
+30 Amps, corresponding to an output voltage off0\felts. This means that reading 2.5 Volts
from the sensor represents zero current. At lowetitis some accuracy is lost due to the sensor’'s

large range of readable current.

16x2 Character LCD Display Module:

Outputting characters to Microtivity's LCD moduleigure 7) is been made extremely simple by
the Arduino. The Arduino’s programming software @smvith a library called Liquid Crystal.
This library contains basic commands that conveatacters from ASCII to a 4-bit signal that is
sent to the LCD module. With the module connectambading to the provided connection
diagram in Figure 7, it will display the same clwaeas from a keyboard that are typed into the

program’s code.
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microtivita

16x2 Char. LCD

Figure 7: Microtivity Arduino compatible 16x2 Character LaBodule

+5V
Display1
Vee . . L] .
I&I 5| | Ep-
Avee EE—s 1 jj LED+
NFOGF | P87
DBS
IXD/PCINT16) | 2 pBS
IXD/PCINT17) U pRa
yTo/PONTIB) 12k POT <2 pR3 -
1/0C28/INTT) |2 2 pB2
"20/XCK/T@) F—x A £l pe1
'2170C0B/T1) Hx | pB@
/0CBAZANG) 2 EJE
SCINT23/ANT) H2 2R -
4 Rs
oND |2 A vo
GND |2 2 vdd
1 vas
o o1
zZ = z =
& - & -

Figure 8. LCD Module Circuit

The diode in Figure 78provides protection to théUtacklight, and the potentiometer is used to

manually adjust the contrast of the characters.

Double Pole Double Throw Relay Switch:

Omeron’s G2RL-2 Double Pole Double Throw Relay 8litFigure 9) was chosen for this
project because during automatic switching betwemmer sources, the grid power input and the
solar panel input are not able to share the samatine, or ground, wires. A relay’s circuit is set

up just like a mechanical switch is, except thatead of manually flipping a physical switch, the
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switch is activated through magnets when curress@athrough a wrapped coil generating a

magnetic field.

Figure 9: Omeron’s G2RL-2 Double Pole Double Throw RelayitShv

Grid+ A

3 Track+

Solar+ 4

Cc6
231
/1
820uF

Grid- 7

Solar- 5

—

N

= 1l Track-
T

DPDT_Rejay

8 [

1 o
: =z
o

Figure 10. Relay Switch Circuit

Figure 10 shows the relay circuit with its inputlasutput connections. Its two switch inputs are
connected directly to the grid through a 12 Vanhsformer and to the solar panels, directly after

LM338K regulating circuit. The large capacitor ovlee output is there to discharge energy
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during the few milliseconds of having an open dirduring a switch. Without this capacitor, all

the cars on the track would slow down for a brieihment every time a switch is made.

The signal to the relay’s colil is generated by atpot pin of the ATmega328P. This pin is set to
HI only when the solar panel voltage is above Mlts, and set to LOW otherwise,
reconnecting the track back to the grid. The ATn32§® knows when to send a signal to the
relay coil based on the ADC data collected by thiéage monitoring circuit. The greatest
advantage to using this type of switch is thaait be controlled using just one low powered
signal, but can withstand switching between up0 Bolts and 8 Amps, far higher than our

maximum operating values.

The Power
Supply:
T T J_ ,:;51 DC 12V OUTPUT
AT - - “T
l i l l o VOLTAGE OUTPUT
M—DM:- g A % Jd. 1= S 1,28V - 30V
POWER INPUT o ' l

Figure 11 schematic of the power supply of the power system
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The power supply that is designed for the projequires it to be able to output maximum 5A
over a 1.2v to 32V output range. For this projecuirement we will need 12V to be outputted.
The key component to the power supply is the LM388#ulator. The unique feature of the
LM338K is that it is a time dependent current limgt The current limit circuitry allows peak
current of up to 12A to be drawn from the reguldto a short period of time, which allows it to
be used with heavy transient loads and speedwgiaminder full load conditions. This is ideal for
our design specification because if all three mpaels start at the same time the power supply
will be able to handle the load for a short perbdime. The LM338 is capable of providing
very good load regulation but a few safety measaresieeded to get maximum performance.
The current set resistor connected between thestaadgnt terminal and the output terminal
(usually 24@) should be tied directly to the output of the dagpr (case) rather than near the
load. This eliminates line drops from appearingétif/ely in series with the reference and
degrading regulation. For example, a 15V regulafitht 0.052 resistance between the regulator
and load will have a load regulation due to lineis&ance of 0.08 x IL. If the set resistor is
connected near the load the effective line resigtavill be 0.0%2 (1 + R2/R1) or in this case,
11.5 times worse. When external capacitors are wibdnyIC regulator it is sometimes
necessary to add protection diodes to preventdpaditors from discharging through low
current points into the regulator. Most 20 capacitors have low enough internal series
resistance to deliver 20A spikes when shorted.®lgh the surge is short, there is enough

energy to damage parts of the IC.
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.l

D1 protects against C1
D2 protects against C2

Vour = 1.25V(1 + %) + lapyR2

Figure 12 the above diagram explains how the diode are tssptbtect the LM338

For the power supply we require a heat sink sottiteat. M338 regulator operates efficiently. We
had to do some calculation to determine the cosieetof the heat sink. We had to do some
assumptions to do these calculations. The assumptiere that that we operating in steady
operating conditions, the transistor case is isaothéat 90C and the contact resistance between
the transistor and the heat sink is negligible. plak power that the LM338 would output was

120W and the room temperature it would be operatiag around 3C

. 90—30 _ 0.5°C
T 120000 0W

From the value calculated thermal resistance we able to look up a table that was available
online to determine the correct size of the hedt. gtor extra precaution we added a fan to the

heat sink to cool the LM338 regulator.
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The LM338K regulates power from two different ingputhe utility grid and a set of solar panels.
Our circuit must output power from the sources Wi highest possible efficiency and at the

lowest possible cost. The basic design functiorsuofpower supply are:-

Rectification —

Convert the input AC voltage to DC voltage. For oucuit we used a full wave rectifier
Voltage transformation -

Adjust the supplied voltage to the required levels.

Filtering -

Smooth out the ripple of the supplied voltage.

Regulation -

Control the supplied voltage regardless of linadland / or temperatures changes.
Isolation -

Electrically isolate the input voltage source frtm output.

Protection -

Prevent any damaging power phenomena from reachitake effect at the output.

The Third Rail System:

Our track was designed by civil and mechanicalrezay from the previous semester, but
no consideration was made to how they would be pogéehe track. The track is supposed to
carry the 12V from the power supply (via the Salalfs or the grid power supply) that power all
the carts inside it. The design of the third rgdtem is based on how the electrical engineering
team wanted to power the track to ensure that wlecbaductivity throughout the whole track.
The third rail will consist of two separated pownsmission lines which are ground and +12V
DC. Two conductive brushes will be connected tolibgie of the pods to transfer the power

from the track main power lines'{3ail track) to support the operation of the pdgisme of the
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track pieces are made of metal (Iron) and otheidh as the turns, are made of acrylic. This

created two different issues for us to solve.

* Powering the plastic part of the track: The pos#iwf having a plastic track is that we
can place our connection where we need withoutywagrabout having them shorting
other connections. After trying different connensdo the track we decided that the best
way to implement the third rail on the acrylic swofethe track is by applying Aluminum
tape inside it (this will be our ground) and Alumim tape in the bottom part of the track
(to create a power line for the 12V DC inputs). @oal view of this part of the track is

as shown in figure 13 below:

Figure 13 shows the plastic section of the track

As shown in figure 13, the two sides of the track @lastic (insulator) so there is no
chance of a short between them. The 12V DC poweslin the lower side of the track

are connected together supporting the same vditagethe same power supply. The
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reason for having two connections instead of orie eaintain the power to the carts via
brushes that would run along both sides of thektvatwen the cart would exit into a

station.

The installation of the lower connection was easyply by applying Aluminum tape on
that section and pressing it by hands. Althoughgtieeind connection on the top of the
track was not simple for having just a small acdeds in the lower part of the track
where the bogie connects to the basket and alsid®ring the track pieces are big
(about 2 Meters long each). For this we had tocestin tools to apply the Aluminum

tape.

» Powering the Metal part of the track: The positiwénaving a metal track is that there is
no need to apply a ground to the track, insteagusteused the track to be our ground.
The idea of powering the metal track was similgpd@vering the plastic track to make
them linear and so that the brushes will maintasndonnection while moving between
the plastic and the metal tracks. Connecting thé D€ power line wasn’t as simple for
having to first insulate it from the track and thegply our Aluminum Tape. We tried
using different insulators until we agreed on amege with all the metal track pieces.

The connections of this section of the track arshesvn in figure 14 below.
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for 12V DC

Figure 14: shows the metal section of the track

Connecting the plastic sections smoothly with thetahsections required some work to
because they were both linked with a piece of netahown in figure 15 below. We
used the same connection method as explained meke sections previously to
continue linking the power line, but we added asothsulation layer to the interior of

the link to prevent it from touching the grounddin
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Link
Metal Plastic
Section Section

Aluminum
Tape

Aluminum
Tape

Insulator

Concrete
Base

Figure 15 shows the link between the plastic and metai@ect

23
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Figure 16: Actual track design

Power Inputs:

Solar Cells:

Our main power input for the project is solar cellsich are one of the most interesting
energy supplies yet. Those cells convert the solargy into electrical current using
semiconductors such as Silicon. Few years agotabimology was only used to power low
energy devices such as calculators, but now thelteare being used to power a lot of our
electric devices such as the street lights, the daarging stations, the swimming pools heaters

etc.

An interesting fact is that on a bright day witteenperature of 25°C and an air mass of
1.g spectrum, the sun’s rays give off about 100@isy@er square meter, and the solar cells
industry is trying to collect most of this powerdamse it to provide us with clean and safe
energy. Efficiency is the ratio between the amairgunlight available to the cells to utilize and
the actual power generated by the solar cells. ttinrfately the most efficient solar cell is about

20% efficient which would waste most of the sunrgget gets. The hope is to increase the
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efficiency percentage and start depending on swlargy to power our homes to reduce the

pollution from the electric generators and the aackeactors.

How solar cells work:

Solar cells are also called photovoltaic (PV) celtsch imply (Photo meaning “Light”
and voltaic means “voltage”). When light hit thdssaell, the semiconductor absorbed some of
it and with that energy it knocks out an electrooske creating electric current. Solar cells also
have electric field that force the electrons tavfio one direction. This current is being drawn

for us to use by placing two conducting plates @ret under the cell.

Usually the silicon used in the solar cells manufang has impurities (doping), which
means other elements are added to it to make taecal better with emitting and receiving
electrons. One side of the solar cell is doped pitbsphor creating an N-Type silicon. The
reason for adding phosphor is because silicone fi@lectrons in its outer shells which it uses to
share (bond) with another 4 silicon atoms. Whenragghosphor with 5 outer electrons, one of
the phosphor’s electrons will be free without adarhich makes it easier to break away from
the phosphor atom. The other side of the solargelbped with Boron creating a P-Type
silicon. Boron has only 3 outer Electron which nakéhave a hole or a positive charge. The
procedure is shown in figure 1 A, B. The amounigurity isn’t high, about 1 phosphor atom

for every one million silicon atoms.
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Figure 17: Shows the light and current flow in a solar egth the N-Type and P-Type Silicon

Electron and Current Flow in Solar Cells
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Figure 18 Shows the light and current flow in a solar egth the N-Type and P-Type Silicon

Solar cells operate within what is called an IVveu(Current and Voltage Curve) as
shown in figure 19 below. The short circuit curremthe current maximum current a solar cell
can provide with OV which indicates that the Powkthe cell at that moment is 0 watts too
considering the power equation P=I X V. The opeouii voltage is the maximum voltage from
a solar panel when the current is 0 which meartshiegpower is Owatts again. The Maximum

power point (MPP): is the point when that powemasximum with | X V = Maximum value.
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Figure 19 Shows an IV curve for a solar cell

This IV curve is interchangeable with the weattmmditions. The maximum power and
the open circuit voltage decrease with the incredslee temperature as shown in Figure 20.
And the Short circuit current along with the maximaurrent decrease with the clouds when

less light reaches the cells as shown in Figure 21.

Current 0°C Fis)
n T
Power = | x
B
0
Woltage (W) Voo
Current o 75
o 75°C || C
Power = xV
0

Voltage (W) Voo

Figure 20: the solar cell power changing due to the tempegat
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Figure 21: shows the solar cell power changing due to Migpbi

For our solar cells, we are getting about 25V, 3Amptput from the solar cell which is
about 75W in clear weather and about 23.9°C tenwperal his power is going to our power

supply to be converted to 12V and about 5Amps.

1. Utility off the electrical grid
For our secondary source of power we decided te fiayo through the utility off the
wall. The reason why we choose this was becausgaméed a stable source of power if
say the solar power was not sufficient to handéeltilad of the track. To be able to get
12V DC from the grid we require a step down transier which will drop the voltage
from 120V.
A transformer consists of two coils wound arourmbenmon magnetic core. The coil of
the primary circuit has Nturns and the secondary hastbirns. The primary coil is
connected to an AC voltage sourceand the secondary is connected to a load. On the

primary side of the transformer, the voltage soM¢cgenerates a currentthe primary
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coil, which in turn establishes a magnetic ftin the magnetic core. The flux and

voltage are related to Faraday law:

L
T

The AC in this primary winding causes a varying metge flux in the iron rod (core)
which on its turn creates a varying magnetic flawotigh the secondary winding.
Because of electromagnetic induction a voltagadsiced in the secondary winding. The
primary winding has more turns than the secondangiwg which causes the secondary

voltage to be lower than the primary voltage. Tteghm below illustrates a simple

transformer.

Primary Secondary
winding =—— winding
Mg turns N turns
Primary Secandary
currant Ig cument
e — :P

Ii'rirlﬁr:.r

voitage

W Seconda

# voltage v

i

Figure 22 Basic transformer

The output from a transformer is going to be AC.make it DC a circuit known as a full

bridge rectifier is required. using a rectifiersk®wn in Figure 23 which uses diodes to let the
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input signal shown in Figure 6A pass the positide ®nly and block the negative side of the
sine wave creating a Half Wave Rectified signadtaswvn in Figure 6B then it continues to the

high pass filteand outputs as a Full Wace Rectified shown in lE@C.

lac

{év__@c C:%v §

Figure 23 Bridge rectifier circuit

<

A Sing wave

B Hulf-wawve rectified

X W o s W
W Y Y W W

C Full-wave rectified

Figure 24: rectification of a sine wave

Figure 24A: Input Signal to the Rectifier (Sine Wave)
Figure 24B: Half Wave Rectified Signal
Figure 24C. Full Wave Rectified Signal
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Arduino Uno:

The Arduino Uno Board contains the ATmega328 chgide. The image of the chip is

shown below with its specifications. From pins 828, these are the ADC inputs needed to

monitor power from the solar panels. The Arduinoechions at 5V. Therefore, signals going

inside the pin of the ADC have to have a voltage th less than 5V to prevent damaging the

Arduino Uno Board

(PCINT14/RESET) PCE [
(PCINT16/RXD) PDG L]
(PCINT17/TXD) P01 [
[PCINT18/ANTO} PD2 [

(PCINT19/0C2B/INT1) PD3 ]
(PCINT20/XCK/TO) PO4 [
vee [

GND |
(PCINTE/XTAL1/TOSC1) PBS [
(PCINT7/XTAL2TOSCE) PBT7 [
(PCINT21/0C0BT1) PDS [
(PCINT22/0COAAING) PO L]
{PCINT23/AIN1) PD7 [
(PCINTO/CLKO/NCP1) PBO ]

2
2
2
2
2
2
22
21
20

B B ol =~ o

1
1
1

o om -d

[ PCS (ADCS/SCL/PCINT13)
|1 PC4 (ADC4/SDA/PCINT12}
|| PC3 (ADC3/PCINT11)

1 PCZ2 (ADC2/PCINT10)

| PC1 (ADC1/PCINTS)

|| PCO (ADCO/PCINTS)

|| GND

| AREF

1 AVCC

[ PBS (SCK/PCINTS)

1 PB4 (MISO/PCINT4)

1 PB3 (MOSIOC2APCINTS)
1 PB2 (SS/0C1B/PCINTZ)

1 PE1 (OC1A/PCINTA)

Operating Voltage: 5V
Analog Input Pins: 6
DC Current per I/O Pin: 40 mA

Figure 25 The Atmega328 Microcontroller with specifications
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LCD Screen:

LCD screen is used in this project to be able $pldly the power coming from the solar
panels. This type of screen can occupy 16 alphanamigaracters on each of the 2 lines. The
specifications of this LCD screen are provided eilo the figure. The VCC and GND are

connected to the 5V and GND, respectively, of theéuo Board.

Back light: Blue with White char color
Supply voltage: 5V
microbiuvity Pcb Size: 36mmx80mm

1€, e |:'f"1 o LD Contrast Adjust: 10k Potentiometer

o i

Figure-26: LCD Module with specifications

DPDT Relay:

Rated Voltage 5VDC

Rated Current 80.0 mA

Coil Resistance 628

Must operate voltage 70% max of the rated voltage

Must release voltage 10% min. of the rated voltage

Max. voltage 180% of rated voltage (at 23 degrees
Celcius)

Power consumption Approx. 400mwW

Figure 27: Coil Rating for DPDT Relay Switch
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Result

For our design of the power system we had to uperace to create our PCB design. The figure

below shows all components in our circuit. In thirguit we have both the controls and the

power supply circuitry all on one single board, imgkthe circuit as compact as possible.

EREEEN T T

Figure 28 Schematic design build in diptrace

Based on the schematic in figure above we cameithpanproto type design of the circuit. For

convinence we built it on a breadboard so that sédctrouble shoot any problems easily

without soldering the components.
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Relay (G2RL-2)

Figure 29 Prototype of the power supply build on breadboard

Finally once we had tested and verified our desigrwere able to come up with the final PCB

design which is shown below which was sent to th@ufactures for fabrication.
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Figure 30: Final PCB design prepared for manufacturer
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Conclusion

The project was a success as we were able to thée deadlines and accomplish the required
tasks assigned to us:

» Build the power supply that could handle the loafi3 pods and other necessary
components.

» Build a control system that could switches betwweampower sources when needed.

 Setup a % rail system to power the entire track.

The final prototype of the power supply system afle to produce enough voltage and current
to handle 3 pods with ease. The power supply systagnable to successfully power the third

rail system via the solar panels and if say théaga dropped below the required voltage, our on
board control system on the power supply was ab$svitch to a secondary source of power to
ensure that we had a constant 12V being supplidtetthird rail at all time. Due to unforeseen
constraints from the manufacture of our PCB we wer&ble to receive it on time because there
was a problem with shipping. If the manufacture retdrned our design on time as planed we
could have had more time to design the power suggg. We also wanted to add features such
as a system to collected unused extra energy pedduygthe solar panels to be used later on at
night when solar panel cannot produce energy. Aféating with multiple short betweeff 8ail

and ground on the track during our first trial, ne would like to add short circuit detection
sensor around the track to find out which portibthe track is shorted. Without such sensor the
only way to detect which portion of the track isngeshorted is to unassembled the track and test
each portion of the track. With more time in hawd,would like to add one final feature to

design a memory system to collect electrical datalata analysis.
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The project also gave us the opportunity to shose cveral of our soft skills for us to be
successful in the work place such as team worktingedeadlines, work delegation and most
importantly communicating with each other to engqunagress is being made. We can proudly
say that we were able to complete the task thatassigned to us and, this gives us confidence

in the future to undertake much larger projects.
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Figures:

Figure 25: The figure above shows the block diagram of thegyasystem
Figure 26: ATmega 328P pin mapping

Figure 27: Analog to digital conversion

Figure 28: voltage monitoring circuit

Figure 29: ACS714 Current Sensor Board

Figure 30: Current sensing circuit

Figure 31: Microtivity Arduino compatible 16x2 Character LCDoxtule
Figure 32: LCD Module Circuit

Figure 33: Omeron’s G2RL-2 Double Pole Double Throw Relay Swit
Figure 34: Relay Switch Circuit

Figure 35: Schematic of the power supply of the power system

10

11

12

12

13

14

14

15

15

16

Figure 36: The above diagram explains how the diode are wspdbtect the LM338 18

Figure 37: Shows the plastic section of the track

Figure 38: Shows the metal section of the track

Figure 39: Shows the link between the plastic and metal sectio

02

22

23
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Figure 40: Actual track design 24
Figure 41 Shows the light and current flow in a solar cellhithe N-Type and P-Type Silicon 26

Figure 42 Shows the light and current flow in a solar celihithe N-Type and P-Type Silicon 26

Figure 43 Shows an IV curve for a solar cell 27
Figure 44: the solar cell power changing due to the tempegat 27
Figure 45: shows the solar cell power changing due to Jigpbi 28
Figure 46. Basic transformer 29
Figure 47. Bridge rectifier circuit 30
Figure 48: rectification of a sine wave 30
Figure 25 The Atmega328 Microcontroller with specifications 31
Figure-26: LCD Module with specifications 32
Figure 27: Coil Rating for DPDT Relay Switch 32
Figure 28 Schematic design build in diptrace 33
Figure 29 Prototype of the power supply build on breadboard 43
Figure 30: Final PCB design prepared for manufacturer 34
Tables:

Table 2 The table shows the breakdown of the number astlaf material needed to build the
power supply. 5

Arduino Code:

#include <LiquidCrystal.h>

LiquidCrystal lcd(12, 11, 5, 4, 3, 2); // initiaés and configures LCD display

int relayPin = 9; /I pin 9rtools relay
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int analogInPin = AQ;
connected to

int sensorValue = 0;
int outputValue = 0;

float amps = 0.0;

int batMonPin = A4;
int batVal = 0;
float pinVoltage = 0.0;

float batteryVoltage = 0.0;

float R1 = 22000.0;
float R2 = 4400.0;
float ratio = R1 / R2;

void setup() {
lcd.begin(16, 2);

pinMode(relayPin, OUTPUT);

}

void loop() {

sensorValue = analogRead(analogInPin);

board

batVal = analogRead(batMonPin);

40

/l analagput pin that the current sensor board OUT pin is

/I valuaddrom the carrier board
/[ outpatmilliamps

/l valusglayed on LCD

Il inputnpior the voltage divider
/[ varialite the A/D value

[/l varialttehold the calculated voltage

/l Resisaof R1 in ohms
/I Resistamf R2 in ohms
/I Calcwddtfrom R1/ R2

/] initiadi 16x2 Character LCD Module

I sets e as output

edds voltage from OUT pin of current sensor

HedogRead() converts the voltage to a number 0-1023

edd the voltage on the divider
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amps = ((float)(sensorValue-509)*5.0/1024.0)*1@J66.0; // converts sensorValue to Amps
pinVoltage = batVal * 0.00595; dlculate the voltage on the A/D pin
batteryVoltage = pinVoltage * ratio; // Ul ratio calculated for the voltage divider

th calculate the battery voltage

/************************************************** kkkkkkkkkkkkkkkkkhkkhkkkkkkkk

*kkkkkhkk

CURRENT:
((long)sensorValue*5/1024) is the voltagetlom sensor's output.
There's a 509mV offset to subtract. The produces 66mV per amp of current,

so divide by 0.066 to convert mV to mA.

VOLTAGE:
A reading of 1 for the A/D = 0.0048mV, so tmlly the A/D
reading by 0.00488 to get the voltage orpihe

kkkkkkkkkkkkkkkkkkkhkkkhkkkhkkkkkkkkhkkkkhkkhkkkkkkkkkkkkhkkkkk kkkkkkkkkkkkkkkkkhkkkhkkkkkkkkkx

*******/

if (batteryVoltage < 13.7) {
digitalWrite(relayPin, LOW);,
}
else {
digitalWrite(relayPin, HIGH);
}

Icd.setCursor(0,0); séts cursor on beginning of first line

lcd.print(amps); pfints current value in Amps
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lcd.print(" Amps ");

Icd.print(sensorValue);

Icd.setCursor(0,1); séts cursor on beginning of second line
Icd.print(batteryVoltage); ptints voltage value in Volts
lcd.print(" V ");

Icd.print(batVal);

delay(100); widit 100 milliseconds before the next loop
fdf the analog-to-digital converter to settle

after the last reading



