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ABSTRACT

This project explores the usé of a"sun tracking device to improize the power output of
solar panels. The report discusses the desicr and implementation of the sun elevation t
racking device including the support structure, the use of electric motors, and a metho
d of determining the location of the sun. Solar panels help us tap into the immense ene
rgy of thé sun. I»IoWever, stationary panels are only optimized for a portion of the'clay,
and only predrice a fraction of their maximum power aatput in the morning and eveni
ng. By tracking the sun’s elevation, the angle of incidence of the sun on the solar pane
Is will be inaximized, and the power output from the panels will be near maximum all
day. The tracking is accomblished bya microcontr;)]ler, two pairs of Mosfet transistor
s, a pair of Cadmium Sulfide photoconductive cells, a Phototransistor opto‘éiouplers, a

Photointerrupter and a DC motor. The tracking portion of the project was successful u
nder sunny conditions. The system was able to correctly aim the solar panel’s frame at
the sun’é elevation, even when started from a variety of positions. However, the syste
m was:only able to perform near optimum tracking; as optimization is not the require

ment for this project.
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Acronynm

Description
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MCU B Microcontroller unit- =
ADC | Analog to digitalv converter
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Chapter One

INTRODUCTION

1.1 General

The cun is an ever present source of vast .amounté of :power. For example,
Minna, Nigeria receives an average of 3.98 kWh of solar irradiation energy per day
per square meter: a vast supply of power, which is largely untapy ed. Solar pands can
be used to harness some of this power. The eneréy collected. by a solar panel is always
dependent in part on the angle of incidence of the sun upon the panel. Traditionally,
solar panels are mounted on a fixed position, which leaves them in a sub-optimal
orientation {oi most of the day. The various movements of the earth make the solar
irradiation pattern to vary witit time of the day and year. This has made it impossible to
hamess_optimum amount of usable energy throughout the day. It became obvious that
consiste'n «lignment of the panel must pe: ensure‘d 10 always obtain optimum irradiation
energy from the sun. For optimum irradiation energy collection, both lateral and
elevatiqn alignments must be used. However, because the structure that supports,
imparts and automates optimum alignment represents a larg: portion of the overall cost,

this project incorporates only the elevation alignment to achieve a near optimum

energy collection. [1]
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1.2 Solar Tracking Approaches

Several approaches for tracking were cousidered, in which any could be either

single or double axis tracking:

e Fixed panels (no tracking).
.

following thg sun's path.
> Solar illumination feedback
.

Use (and possibly calculate) the expected position of the sun in the sky.

Tracking the sun at a constant angular velocity over an arc, which approximately

Fixed panels are the simplest approach, in any terms. Hovever, based on the

panel's characteristics, shown in Graph 2-1, it is expected that moving panels can

collect more power. For optimum collection, this approach requires some form of

consistent manual tracking.

60 p"Eflun  afpnegE
NI ik"*‘n" : "

it iy Panel
«« @ - ~Tracking Pane
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1228 122657 1226 1355
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Graph 1-1: Comparison of power from a fixed and 4 tracking panel
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with reasonable accuracy, and would adiust its behaviour for the sun’s seasonal
L] J

T'he most straightforward form of tracking considered was constant angular

velicity tracking. A reasonable, fixed arc about the horizon would be covered during a

fixed period every day. Such an approacil would yield better results than a fixed panel,

but a more complex system could yield even a better results.

. ,

Using solar illumination feedback would involve usirg the observed effects of

the sun to attempt to determine its position, and follow its movements. Such a system

would perform better than constant angular velocity tracking, as it could track the sun

changes automatically. A simple implementation.of such tracking would require a

relatively small increase in system complexity.

A system using sglar pf)sitio;z data would logk up or calculate the sun’s path
fora given day,( and would follow that path. Such system could allow for very good
tracking accuracy, and could be goupled yvith solar illumination feedback for even
better performance. However, this approach is also the most complex, and for a system

as small as this, such control is not necessary.

The single axis (elevation) solar illumination feedback for tracking was chosen

for this project. Initially, it was intended to use the power readings from the solar panel

itself to guire the system. However, due iv complexity. cost and several anticipated

R o o
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problems, cuch as losing track of the sun in the event of power loss, or misinterpreting
a drop in illumination, as it could either be a wisp of cloud o1 a movement of the sun.

Instead, it was decided to use photosensors to give the system more information about

its surroundings. To achieve this approach, two photosensors are mounted side-by-side

i
facing away from the panel with an opaque divider between them. The configuration of

the pair is shown in Figure {-1:

Photosensors

¥

- '1\\ : ‘A‘\

,

. Backing i5 flush with
Opague ) \ " enlar nan
Ipague divider N solar panel

Figure 1.1: Photosensor configuration.
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The opaque divider casts a shadow on the photosensor that is-away from the sun,
causing a greater difference between the intensity of light on the sensors. 'To align the
panel with iz sun, the system turns the panel toward the brighter sensor, until the

opposite sensor becomes brighter. This procedure is illustrated in Figure 1-2: 1

N ,,‘.., ’
‘K /) ///// B
el /\.‘“/\
Chadowsd o !
photosensor Opaque divider —)
\ q A After rofation
4 Oppasita
phoiosenst i3 how

ehadged

7l .

Figure 1.2: Illustration of tracking procedure.

1.3 Motivation
Where utility power such as PHCN is available, a grid-connected solar power
system can supply some of the energy needed which could be use in place of bat.teries.
Home, governnient and busine"ss owners are installing solar power systems connected
to the utiiity grid. They do so because thicy know thet the system reduces the amount of
electricity they purchase from the utility- each month. They also realize that solar

power plants consume no fuel and produce no air or water pollution while they silently

generate electricity without green house effects. Utilities can build solar power plants
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much more quickly than they can build conventional power plants because the arrays
themselves are casy to install and connect togétllel electrically. Utilities can locate solar
prswer plants where they are raost iiceded in the grid because siting solar cell arrays 1s
much easier than siting*a conventional power plant. Moreover, unlike conventional
power plants. solar power plants can expand incrementally és demz_md increases. This
system is 1aeal for remote applications such as communication stations, military
instz;llations, and rural villages for agricultural consumption. With all these benefits,
solar power generation car; be optimized by adding a tracking sy stem to the solar array

or panels. This tracking mechanism increases electrical output to about 20-30 percent

when compared to a non-tracking(fixed or passive) solar array. [1, 2].
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Chapter Two

LITERATURE REVIEW

2.1 Historical Perspective Of Solar Energy Application

)

The eartiest known record of the direct conversion of solar radiation into

mechanical power belongs to Auguste Mouchout, a mathematics instructor at the

ot g

Lyce de Tours. Mouchout began his solar work in 1860 after expressing grave concerns

3
about his country's dependence on coal. By the following year he was granted the {irst
patent for a motor running on solar power and continued to improe his design until
; about 1880. During this period the inventor laid the foundation for our modern
understanding of converting solar radiation into mechanical steam power.
Mouchout's initial experiments involved a glass-enclosed iron cauldron:
incoming solar radiation passed through the glass cover, and the trapped rays
; transinitted heat to the water. In the late 1865, he sveceeded in using his apparatus to
operate a small, conventional steam engire. By the jollowing summer, he enlarged his
/ : .
| ,_ o
! invention's capacity, refined the reflector, redesigning it as a truncated cone, like a dish
; with slanted sides, to more accurately focus the sur'a rays on the boiler. Mouchout also
}
constructed = tracking mechanism that enables the entive machine to foilow the sun's

i i

altitude ana czimuth, providing uninterrupted solar reception.




Wiiliam Adams, the deputy registrar for the English Crown in Bombay, India
built a large rack of many small mirrors and adjusted each one to reflect sunlight in a
specific direction. To track the'sun's movement, the entire rack could be rolled around a
semicircular track, projecting the concentrated radiation onlo a stationary boiler. The
rack could be attended by a laborer and had to be moved only three or four times
’ during the day, or more frequently to improve periormance. Adam’s legacy of

nroducing a powerful and versatile way to hattiess aid convert solar heat SUrvives.

SR rie i, 00

Engineers today know this design as the Power Tower concept, which is one of the best
conﬁgurutions for large scalé, centralized solar piants. As the yeé_rs wore on, newer

? methods were designed for collecting power as well as tracking the sun. These

included; Engineer Charles Tellier’s method of collection without reflection. By 1889

; Tellier had increased the efﬁciency‘of the collectors by enclosin; the top with glass and

insuiating the bottom. Around 1870, U.S. engineer John Ericsson invented a novel

; method for collecting solar rays known as the parabolic trough. A parabolic trough is

i more akin to an oil drum cut isi half lengthwise that focuses solar rays in a line across

the open side of the reflector. This type of reflector offered many advantages over its
circular counterparts: it was comparatively simple, less expensive to construct, and
unlike a circular reflector, it on;ly track t:he sun in a single direction thus climin.ating the

'

need for complex tracking machinery. The downsiae was that the device's generated
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energy an- efficiencies were not as high as with a dish-shaped reflector. The First

Commercial Venture was by Aubrey Fncas who began his solar motor experimentation
in 1892, and formed the first solar power company (The Solar Motor Co.) in 1900.
‘Though the machine did not become a fixture as Eneas had hope, the inventor

'

contributed a great deal of scie;htiﬁc and technical data about solar heat conversion and
initiated more than his share of public exposure. [3]
2.2 Previous works
’Th'e past ;25 years have witnesscd the emergence of various-methods of solar
energy collection as a result of the improvement in technology witnessed within this
period. Some of our brightest engineers have even produced some exemplary designs
’during the period.
A shadow method for automatic tracking, which is an automatic method that
uses ‘back-to-back’ semi-cylinders to mask solar irradiation was described and
presgnt‘ed for puﬁlicaﬁon at the Solar World Congress 1987 in Hamburg by Sode

Shinni Nmadu Rumala. [4]

A time-based solar tracking system was also designed based on single axis

tracking, on the equatorial tracking axis to track the sun from east to west daily during

sun hour periods. An open loop contro! mode wzs adopted using logic control circuit

and suitable interface for the stepper motor and other circuitry. [2]
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2.3 The Most Rational Source
The afore mentioned sclar pioncers were only few of the most notable inventors
involved in the development of solar th~ermal. power from 1860 to date. Many others
contﬁbﬁted to thé more than SQ patents gg}d the scores of books and articles on the
subj’;ect Solar technology already boasts a century of R&D, 1’equire§ no toxic fuel and
relatively little maintenance, is inexhaustible, and, with adequafc financial support, is
capable of becoming directly ;0111petitive with éonventional technologies in many

locations. These attributes make solar energy one of the most promising sources for

many current and future energy needs. As Frank Shuman declared more than 80 years

ago, i+ is "the most rational source of power." [3]

10




] Chapter Three

DESIGN AND IMPLEMENTATION
4 3.1  Overview
The solar elevation tracker is essentially a closed loop control system that
covers both the fields of electronics and mechanical engineering. The components of
? the electionic system consist of a MCU logic circutyy, Phototransistor optocouplers as
g fsolators. DC motor driver (H-Bridge), Photointerrupter used as Incremental Optical
Shaft Encoder (Tachometer, Limit Sensor) and Cadmium Sulphide photoconductive
cells (photosensors). The DC motor driver is controtled by 1« PWM signal produced by
the MCU. Using data acquisition and prbcessing, the MCU is able to determine the
position, and limit range of the solar panels. Figure 3-1 shows a block diagram of the
3 system.
i
: lPhotosensors]
[ Limit " Gptocoupler H-Bridge
3 l-'Switch MlcrOCOhtroller > Sihcuit 1 Circuit
f - i
] i
; Optical
’ | Encoder [* DC Motorie .
|
!
. ~ Figure 3-1: Block diagram of the systen:
§ .

1
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3.2.1 ‘l’hotosensor
Cadmium sulphide (Cds) photoconductive cells are used as photosensors. It is a
typc‘of light dependent resistor semiconductor that operates much iike a thermistor. In
an intrinsic semiconductor, photons (Blue arrow) can promote electron (Black arrow)
to the conduction band leaving a hole in the valence band. This increase in cairiers
léal.i; to a reduction in the resistance. That is, as light hits the Cds it knocks charge
carriers foose, and the increased number of carriers decreases the resistance of tllle
device. Cadmium sulphide photoconductive cell has energy gap of 2.42 electron volts
(eV): and a wavelength of wavelength 5130 (¢). Figure 3-2 shows the Schematic symbol

and energy band of Cadmium sulphide photoconductive cell. {5, 6}

canduction band

Figure 3-2: Schematic symbol and Energy band of Cds cell
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3.2.2 Phototransistor Optocoupler
Phototransistor Optocoupler can be used to provide isolation between
comporietits, to avéid ground loop probléms, to control floating electronics, and to
pro?ide DC shifts.Also applicable to Power supply regulators, Digital logic ipptlts and

\

Microprocessor inputs. Figure 3-3 shows its shematic symbol and 6-pin dual in-line

package.
[ g PR USRI BN 1
+ N
2 3] \: % { Pz ol
\! . 7
N L e '
1
PIN 1. ANODE
2, CATHODE
2 N0 CONHECTION
P 4 EMITTER
‘ £ COLLECTOR
& BAGE

;‘ igure 3;3: Optocoupler scheuiatic symbo* and 6pin dual in-line package
The general purpose optocoupler consist of a gallium arsenide infrared (IR) emitting
diod‘e spectrally matched to drive a silicon phototrahsistor. The IR diode section gives
up exce—ss energy in the form of phofon when electrons and holes combine in the
depletion region. This energy is a characteristic of the materials from which the
junc‘tion is constructed and thus the photon always has the same wavelength. To emit
Pholoné, the jun.clion must be forward biased and the wavelength must also be in the
infrared spectrum. The phototransister section of the optocoupler is an NPN bipolar

trausistor (BJ'T) with a large base that does not have a lead. When photons (from IR

13 %
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emitting diode) hit the base they create electron/hole pairs, the electrons are drawn to

the collector and the holes are filled with electrons from the emitter. [6,7,10]

3.2.3 H-Bridge
A n:icroprocessor or microcontroller (MCU) cannot drive z{ motor directly,
because it can not supply enough current. However, there must be some interface
circuitry to amplify the power to drive the motor from the MCU. This intéiface
circt;litry was implemented using a circuit‘ design known as the H-Bridge. It is the
primary means for driving a motor in the forward and reverse directions. It merély
consists of 4 switches. A, _B, C,.b C(‘mnected in tqpology of an H, where the motor

terminals form the crossbar of the H. Figure 3-4 shicwe a H-bridge circuit design

+supply
.o
Al =
control b (0
B] * .
Cr

Figure 3-4 H-Bridge circuit
It is worth noting that H-bridges are not only applicable to the control of
motors, but also-to the contr‘ol of push-pull solenoids (those with permanent magnct
plungers) and many other applications. With 4 switches, the basic H-bridge offers 16

possible operating modes, 7 of which short out the power supply.

14
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The desired operating modes are illustrated in table-3.1.

Mode | A|B|C!D l;ig_ure_ o Comment
+supplg
110101 | o4 - (1)Forward
1 kit (2)Reverse
0 l l 0 T‘- ............
i +supply
-
D—@ii
s |
2 010010 »@?x Fast decay
T (coasting)
+supply
I
»@ax Slow decay
T o .
3 01X]0 |1 % ~ | or. dynamic
FRUR -_:____L. ..................... braking

Table 3-1- H-Bridge operating modes (Close = 1, Open =)

MODE 1: Forward and Reverse.are the usual operating modes, allowing current to

MODE 2:

flow from the supply, through the motor winding and oﬁward to ground.
in Fast decay or coésting mode, any curteat flowing through the motér
winding Will_be working against the flll_“ supply voltage, plus two diode
drops, so current will dec.ay quickly. This mode provideé little or no

dynamic braking effect on the motor rotor, so the rotor will coast freely if all

motor windings are powered in this mode.

15
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MODE 3: In Slow decay or dynamic braking modes, current may recirculate through
the motor winding with minimum resistance. As a result, if current is

flowing in a motor winding when one of these modes is entered, the current

will decay slowly, and if the motor rotor is turning, it will induce a current

that will act as a brake on the rotor.

(8,9, 10]

3.2.4 DC Motor

The direct current (DC) motor is one of the first machines devised to convert
elect@ical enerey to mechanical power. Its origin can be traced to machines conceived
and tested by Michael Faraday, the experimenter who formulated the fundamental
coneepts ofeleciromagnetism. Most of the world"s adjustable speed business is

addressed by DC motors. DC motors are utilized in applications where speed control,
servo control, and/or positioning needs exist. Several characteristics are important in
selectin'g a DC motor. Listed below, the first two are DC Motor’s input ratings that
specify its electrical characteristics and the last thicc are ratings describing the motor's
ou‘\;?‘ut characteristics:
) bperatiné Voltage (V) '
o Operating Current (1)

e Speca (RPM)

16
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The power delivered by a motor is the product of its speed and the tordue at which the

speed is applied. Graph 3-1 shows relationship between these characteristics.

[9. 1]

4.0¢ 8000

=~ 3, 0F ~ 600D

4 E

[ Q-

H £

P 2

% o »L\\“ IALUrrert /Iq]

L2, 0F 04000 4

C o
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0 1] \\\\\

1.0 2000 /

| \\\w ‘Speed Nlrpml
0* % 50 100 1150
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Torque TImN-m]
aph(ﬂateleoltage e 24[v}])

Graph 3-1- DC Motor Characteristics
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3.2.5 Optical Encoder
.()ptical encoder is a type of feedback device that gives information on the
system’s stahilization, speed and position‘. It is simp!y used as a digital tachometer for
absolute and incremental position encoding. When the motor’s shaft is rotated the
encher gives an output sjgnalﬂproportional to di§tance the (i‘.e. angle) the shaft is
rotated through. It provides a specific address for each shaft posit.on throughout 360
degrees coded onto a disk. The number of tracks on the coded disk may be increased
untﬂ thf: desired ;esol‘ution or accuracy is achieved. A light source passes a beam
threugh the transparent segments onto the encoder’s photosensor which outputs a
sinusoidal waveform or pulse train. 1f the output signal is just a sinusoidal waveform,
electronic processing can be u§ed to transform th.e signal into a square pulse train. This
15 illustrated in figure 3-5. |

DISK PHOTO
GRID  SENSOR  SQUARING
ASSEMBLY  PICKUP  CIRCUITRY

LICHT
SOURCE

S22
) —
N NS

——

pmmmas———

1{

Figure 3-5: Incremental Encoder
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In utilizing this device, the following pr.anciers are important:
¢

Line count- This is the number of pulses per revolution. The number of lines is

determined by the positional accuracy required in the-application.

o OQuput signal- The output from the photosenzor can be either a sine or square

wave signal.

e Number of channels- Either one or two channel outputs can be provided.

The two channe! version provides a signal relationship to

obtain motidn direction (i.e. clockwise cr counterclockwise
rotation).

‘In additiqn, a zero index pulse can be provided to assist in determining the
"nomce” position. A typical appliccuon uéing an tucremental encoder is as follows:
An input signal }oads a counter with positioning information. 'l‘his represents th.e
position ti e load must bel mov?d to. Asthe mot(?r acrelerates, the pulses emitted from
the incremental (digital) encoder come at an increasing rate until a constant run speed is

altaineq. During the run period, the puls;s come at a constant rate which can be.

directl y related to motor speed. The counter, in the meanwhile, i: counting the encoder

pulses and, at a predetermined location, the motor is commended to slow down. This is

to prevent overshooting the desired position.




When the counter is within 1, 2 pulses of the desired position, the motor is commanded

to stop with the load is now in position.|5]
3.2 6 Limit Switch .

The limit switch provides the system with a maximum and minimum allowable

A 1
. .

i

travel range. Zero index pulse signal from the Optical encoder determines either of the
limits which after a certain delay, the "home" position will be reset. It is directly
connected to the MCU External interrup0 pin (INT1) with that of the Optical encoder

comected to External interrupl pin (INT0).{ 5]

3.2.7 Microcontroller

A microcontroller (MCU) is a single computer chip (in_tegra_ited circuit) that
ex§CL1tes a user program, normally for the purpose of controlling some device. It is
ideal for the types of applications where fzost and nnit size are very important
cons}demtions. Nowadays it is almost always desirable to produce F:ircuits that require
the smallest number of integrated circuits, that require the smallest amount of physical
space, 1equire the least amount of eneryy, and cost ¢s little as possible. The type used in
thislpr(‘.juct is an ATmegal6 which is a low-power CMOS 8-bit MCU based on the
AVR enhanced RISC architecture. By ekecuting powerful :mstructions in a singlg clock
cycle, the ATme.galG achieves throughpl?ts approaching 1 MIPS per MHz allowing the

system designer to optimize power consumption versus processing speed.
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This particular Atnel MCU family was chosen because its AVR core combines a rich
instruct‘ion sct with 32 general purpose working registers. All the 32 registers are
directly connected to the Arithmetic Logi\c Unit (ALU), allowing two independent
registers to be accessed in one single instruction exgcuted iﬁ one clock cycle. The
resulting architecture is more code efficient whil‘c adﬁeving.throughputs up tb ten
times faster than conventional CI1SC microcontrollers such as the 8051/8052.

The ATmegal6 provides the following feawures: 16K bytes of In-System
Progrmpm abiz Flash Program memory with Read-Wiiile-Write capabilities, 51é,bytes
EEPROM, 1 X byte SRAM, 32 general pl‘lrpose I/O lines, 32 general purpose working
regi§ters, a JTAG interface for Boundary-scan, On—chipv Deﬁugging support and
programming, three flexible Timer/Counters with compare 1j1.0des, Internal and
External Interrupts, a serial programmable USART, a byte oriented Two-wire Serial

Inter.face, an 8-channel, 10-bit ADC with optional differential input stage with -
pmgrammable gain, a programmable Watchdog Timer with Internal Oscjﬂator, an SP1

seria! port, and six software select bie power saving modes. Figure 3-6 shows the

detailed block diagram of such MCU.
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3.3 Electrical System Design
3.3.1 Oprocoupled Motor Control Circuit
The Optocoupled motot control circuit is not very complex, it is an integral part

of the sun tracking machine. It must be able to interface to the MCU, turn the motor on
and off, allow the current through the motor to be reversed, and control the speed of the
motor for tracking adj ustmeﬁts. The circuit being used in a power tracking system,
must also be able to track with minimum power usage. However, DC motors require a
relatively high voltage for the initial start. Lower vnttages don’t give the motors enough
torque, which made it unreliable and viry shuggish. i order to solve this problem and
conserv»e power, PWM control signal generated from the MCU was used to pulse the
power to the Optocoupled motor control circuit. By adjusting the duty cycle of the
PWM signa!_ various voltage levels can be generated. When, the dqty cycle is set at
100%, the mntor receives all of the voltage being supplied ?o it, but when the duty
cycle is 50%, the effective voltage at the motor is half of the voltare being supplied to
it [1‘5]. Thus, the speed of the thotors can be varied, while the torqqe remains constant
with minimum power usage. The inputs for the Optocoupled motor control circqit were
attached directly to the outputs of the MCU. The Optocoupled motor control circuit is

shown in figure 3-7. {11, 12] .
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Figure 3-7: Optocoupled Motor Control Circuit
To completely isolate the motor driver circuit, which consist of the H-Bridge,
from the MCU, two 4N25 phototransistor Optocouplers were used to detach th¢ two
MCU lines from their H-Bridge counterparts. This device uses an infrared diode to turn
a pl)ototransislor on and off. When the MCU passes a low level signal, current passes
through. the photodiode and the phototransistor is essentially a closed switch; its output
voltage level will be raised from ground to 12V. When the MCU passes a high level
sign:al, the photodiodé is off and the p11ot;)transist0r s an open circuit; with its output
pulled down to ground through the 5.6kOhm resistor. The optocouplers are in an
inverting configuration, that is, rather than inputting a signal referenced to Sv, -
g\'oqlld was used as the input and was referenced to each of the twq signals. S, 15]
Once the signals are inverted through the optocoupler’s phototransistor, the correct

signals are passed to the H-bridge, with excepﬁcn that a logical high is 12V rather
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than 5V. Since the optocouplers use phototransistors that receive IR signals, therc is no
physical connection between the MCU's circuit aiid the H-hridge. Hence, no noise from
the motor can go to the MCU.
‘Applying a potential across the driver éircuit (motor leads) will cause tl}e
motor to spin in one direction, while reversing the pnlérity on the leads will cause the
DC motor to pin in the opposite direction. To control the motor’s forward and reverse
motion, a simple 4 switch device is required (See Table 3.1) that would ensure
protection against a short of the DC supply, that is, switches 1 ¢end 2 or 4 and 3 could
nevér be closed at the same time. To operate the motor in one direction, simply close
switche,s ! and 4; for reverse operation, open switches 1 and 4 and close switches 2 and
3. To stop the motor completely, simply open ali switches. To properly control the
moté)r with Ligh speed switching, a circuit conﬁgurétion called an H-bridge (See Figure
3.5) \.vz;s implemented. -

MOSFET transistors were ix11plegnexlted as switches in place of BITs for one
reaéon , *o improve the efficiency of tie bridge. This is because thé BJT transistors
(norma-i transistors), though more linear with better gain hive a saturation voltage of
approximately 1V across the cqllector emitter juﬁction when turned on. A H-bridge
havi':ng power supply of 12V would be consuming 2V (16.6%) ucréss the two transistor

required to control just the diréction of the current. It is therefore inefficient for an
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cnergy collection project to waste 16.7% of its supply just to control current direction.

l'hcylll.l'l‘s also would get quite hot and there is no room for heat sinks. However, IRV44
M(‘)SFETS were used simply because of there low ON resistance (_RDS ony =0.023€2).
This is the resistance between the Drain and Source when turned on. At 4 amps, this
11'1a}(§s the voltage drop per MOSI'ET to be 0.092V and 0.18‘14\/ (1.5% of the power sup

ply) for the two required to control the direction of the current. This is a definite

improvement on the driver’s efficiency.

Four protection diodes were used; one per MOSFET to ensure there is never a
short from the supply to ground. D1 to D4 route back EMF from the motor back to the
power supply. S?nne MOSFETs (actually most) have these diod:s built-ﬂi_n, so they may
not_l?e necessary. MOSFETs work by applying a voltage to the Gate. They call this
TRANSCONDUCTANCE, which is the rate df cha;lge of the drain current with_ a

change of the géte bias. When a positive voltage greatér than the Gate threshold voltage
is applied, the MOSFET turns on (N Channel only. The P channel works in Vreverse).
Oneﬁ of the most important uses of MOSFETs is to Bui]d logic circuits that dissipate
very lilt'lc power |1, 6, 10]. See Appendix B for the DC operating Point Analysis of

circuit the circuit in figure 3.7 for both {orward and reverse mode.

s
4
v
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3.3.2 ATmegmal6 MCU

3.3.2.1 Hardware

The electronic system was implen;ented around an ATmegal6 MCU running on

4 MHz Internal RC Oscillator for tracking algorithm to find the Solar Elevation Angle
(SE{"\). The MCQ monitors the operating state of bthe systexﬁi to ens:ure proper operation
and sequence of events. For memory map showing used registers, see register stimmary
in Apperdix E. The following MCU features were used in this project:

e 8-bit timer/counter( and 16-bit timer/counferl

¢ Analog to Digital Converter with 10 bit resolutiown

e Input/Uneput ports

¢ Internal RC Oscillator

The 8-bit timer/counter0 and 16-bit timer/counter! controls the motor's -

permissible ON/OFF durations», and fast PWM wave generation respectively,

The 8 bit Timer/counter) was éonﬂgured to errﬂow anylime its count value reaches

255. This overflow rate was used to provide the Pi¥\f pulse train time required by the

metor just before it saturates (when *h, corerator rattion-Back EMF of the motor

matches the supply voltage). At saturation point, negligible current Will flow into the

motor qnd thus it will produce negligible torque (required to overcome the spinning

iviction).Using a method of trial and etror, the appropriate timing was set to 0.05 sec.
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To achieve this timing, the timer/counter0 operating at 4 MHz needed 195 overflows.

The simplificed block diagram of the 8-bit Timer/CounterQ is shown in Figure 3-8.
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Figure 3-8: 8-bit Timer/Counter(
The 16-bit Timer/Counter! allows accurate prograni execution timing, event
management, wave generation, and signal timing measurement. The wave generation

mode 14 (see Appendix F) was used to generate the fast PWM sigrial required to drive

the motor in either forward or reverse motion. The simplified block diagram of the

‘.

16-bit Timer/Counter! is shown in Figure 3-10.
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Pmber timing of both timers was achieved by configuring there respective prescalers
to further scale down the frequency to 3.9 KHz ( 4MHz/ 1024) values. Bits CS02,
CS00 were set and CSO1 Iclear;:d in the timerQ control register, also bits CS12, CS10
were set and CS11 cleared in the timerl control regisierB. Figure 3.-9 shows the

prescaler block diagram of timer 0&1 together with the table 3.2 for prescaler clock

select bit description. ‘
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Figure 3-9: Prescaler block diagram of timer 0& 1

‘¢Sz | csot CS00 | Description
B __(1 0 Rel Mo clack source (Timer Counter stopyed.

& 0 1 Clifgfito prescaling) '
] 1 0 lite’8 (From prescaler)
0 1 i clkyf32 (From prascaler)
1 0 0 <l @58 (From prescaler)
1 ¢} 1 el 1024 (From prescaler)

T 1 G Extemal clock source on TO pin. Cle k on falling 2dge.

1 1 1 Extainal sleck saunca on TO pin, Clock on rising adga,

Table 3-2- clock select bit descripticn

The ATmegam features a 10-bit successive approximation ADC. The ADC is

“ a0
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connected to an 8-channel Analog Multiplexer which allows 8 single-ended voltage

inputs constructed from the pins of Port A. The single-ended voltage inpufé refer to OV

(GND). The ADC contains a Sample and Hold circuit which ensures that the input

voltage to the ADC is held at a constant level during conversion. A block diagram of

1

the ADC is shown in Figure 3.13. [12, 13,14]
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'f’he ADC has a separate analog supply voltage pin, AVCC. AVCC must not differ

more than 0.3 V from VCC. Internal reference voltages of nominally 2.56V or AVCC

are provided On-chip. The voltage reference may be externally decoupled at the AREF

pin by a capacitor for better noise performance. The ADC AVCC was used as

the reference ané was directly connected to the MC( I’s VCC. The ADC input channels,
ADCI (pin A1) and ADCS3 (pin A3) wers connécted +n one of each of the two Cds
Photosensors lead respectively: The other leads were also connected to the ADCO

(pin A0) and ADC2 (pin A2) respectively. The anatog input chanﬁel was Selected by
writilng to “he MUX bits in ADMUX. The ADC input pins, as well.as GND and a fixed
band gap voltage reference, were selected as single ended inputs to the ADC. Tl}e ADC
was cnabled by- setting the ADC Enable bit, ADEN inl ADCSRA. After the completion
of ¢Yery conversion, the ADC generates a 10-bit result which was presented in the
ADC Data Registers, ADCH and ADCL. The resuﬁ was presented 4left adjusted by
setting the ADLAR bit in ADMUX register because no more than 8-bit precision is
required. This adjustment allows just the high bytes of the converted signal value
c\mii:ined in ADCH to be read. A :ingle conversion was starred by writing a logical one
to the /‘XDC Staft Conversion bit, ADSC. This bii stays high as long as the conversion
is in progress and will be cleared by hardware wh..n tiie conversion is completed. The

ADC has its own interrupt whith can be triggered when a conversion completes. For

.31
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single ended conversion, the result is;

ADC= V, *1024/V gy

The ADC module contains a prescaler, which generates an acceptable ADC clock

frequency from ény CPU frequency above 100 kHz. The prc;scaling is set by the

AIS,?S bits in ADCSRA. The prescaler starts Counting from the moment the ADC is
switche_d on by setting the ADEN bit in ADCSR’A. The prescaler keeps running for as
long as the ADEN bit is set., and is continuously reset when ADEN is low. The ADC

pres:caler unit is shown in figure 3.14 and its selection table at T able 3-4 .

e STy L

KTARY
2 7-BIY ADC PRESCALER
CK ———3>
sl BH 2 §
HEREREE

A0 ALOCK SOURCE

Figure 3.14 ADC prescaler unit

&
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The ADPS2 and ADPSI were set in ordgr to sarrlxple the phqtosensors at 62.5 KHz

( Fep/64). {12, 13] See Appendix C on how the Cds photocells are connected to the
MCU'S’ ADC. The puil-up resiétor (interﬁ‘al to thé MCU) were activated in order to
provide a relatiye voltage using the potential divicer rule. The Cds (LDR) is connected
as the tase resistor to provide proportionate behaviors with the voltage seen at the ADC

- pin Aland A3 inputs. Altemaﬁvely, pin A0 and Al provide the gfoung logic outputs.

aclivated. Both interupts are triggered on falling edge of the sensed signal. Interupt0
gives the system its current position after and before travel so that both the lower and

upper limits are not exceeded. Interupl provides the reset home position whenever the

system restarts.

Table 3-4- ADC prescaler selection table,

33

Similarly the external interupt pin ( PD2-in*0 and PD3-int1) pull-ups were
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3.3.2.2 Softwure

The control program was written in C (rather than assembly language) because

the program requires math functions not directly supported in AVR assembler, and

speed was 2ot much of an issue. The seasors were sample 62.5K times per second, and

)

it

the processcr was configured to runs at dMHz, therefore only about 64 cycles were

available to compute and process it before the next input comes in.

The main program initializes the system and then goes inc an endless wait
loop. Everything hapbens on the loop unless when an interrupt triggers. Timer0 and 1
runs off an intemal 4MHz resonator. Other than that, the software architecture is
strarghtforward, just a linear sequence of commands as illustrated in flow chart.in

\

Appendix D. For more details see the code listing (with comments in Appendix F).

[12,13. 14, 15]
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3.4

3.4.1

Design and Construction of the Mechanical Support

Design of a suitable structure.

A large componeht of the project was the design of a support structure for the

solar panels. The design of the support structure has several stringent constraints:

L.

The Jdesign must be able to suppor! two sola; panels.

The support structure must allow movement in one axis. The system must be

capable of at least 90 degrees of vertical adjustment.
The entire support structure must be balanced about its axis of elevation, in

order to keep its power consumption of the motor to a minimum.

The structure must be able to resist significant force from wind.

3.42 “Construction

Inorder to meet the requirements above for a suitable support structure, a-

link-mechanism system was interwoven with a worm gear system to create a balanced

platfori as shown. ;

35

s

s N B U



S

i s

st S ot

Bt o i,
R SR i v,

e

AR o i Sl i,

R

P

3.4.2.1 Thke Link Mcchanism.

he function of a link mechanism is to produce rotating, oscillating, or reciprocating

motion from the rotation of a crank or vice versa. Stated more specifically linkages may

i

1]
be used to convert:

Continuous rotation into continuous rotation, with a constant or variable angular

1.
velocity ratio.
2. Continuous rotation into csciilagion or reciprecation (or the reverse), with a
constant or variable velocity ratio.
3. Cerillation into oscillation, or reciprocation nto reciprocation, with a constant

or variable velocity ratio.
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3.4.2.2 Slider-Crank Mechanism
The four-bar mechanism has some special configurations created by making
one or more links infinite in length. The slider-crank (or crank and slider) mechanism

i

below is a four-bar linkage with the slider replacing an infinitely long output link.

Figure 3.16 Crank and Slider Mechanism

This configuration translates a rotational motion into a translational one. Most

mechanisms are driven by motors, and slider-cranis are often used to transform

rotaiy mnotion into linear motion. i conveniently calculate the total kinetic energy of

each link, it is divided into infinitesimal parts and integrated along the length of each

tink.
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? Thus the total

The Kinctic encrgy of a mass m moving with velocity v is (1/2)mv

kinetic energy of a link can be obtained from

, b
4 3
K E_ST fo Y (S) ds

Wiere s is the distance along the ik unc visj is tic velocity located a distance s from

i

one end assuming that all the mass is concentrated along a line and is distributed
uniforuily irom one end to the other with linear denrity m/l. In general, v(s) is of the
form;

Vz(s) =g+ bs + ¢cs?

Then clearly, ‘

1

K = (m/21) [al + b2 + cl'/3]
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3.4.2.3 The Worm Gear

Gears are used in most mechanical devices. They do several important jobs, but

most important, they provide a gear reduction in motorized equipment.
The small dc motor spins very fast and can provide enough power for the device, but

not enough torque. The motor only produces a smal! amount of torque at a high speed.

With a gear reduction, the output speed can be reduced while the torque is increased.

Another thing the gear does is adjust the direction of rotation. There are a lot of intricac
ies in the different types of gears. However the worm gear was employed in this project
due to the property discussed below. Worm Gear drives are the smoothest and quietest

form of gearing when properly, applied and maintained. They were considered for the
following requirements:

* HIGH RATIO SPEED REDUCTION
o LIMITED SPACE
¢ RIGHT ANGLE (NON-INTERSECTING) SHAFTS

¢ GOOD RESISTANCE TO BACK DRIVING

39
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A Worm gear was used due to its large gear reductions. It is common for worm
gears to have reductions of 20:1, and even up to 300:1 or greater. Many worm gears ha
ve an interesting property that no other gear set has: the worm can easily turn the gear,
but the gear cannot turn the worm. This is because the angle on the worm is so shallow

that when the gear tries to spin it, the friciion between the gear and the worm holds the

worm in jplace.

This {eature was most useful for the structural link system, in which the focking feature

acted as a brake for the system when the motor is not turning.
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3.4.3  The Complete structure
The complete structure was an arrangement of the Link and Gear as shown in

Appendix H. The motor is connected to point ‘A’. This spins the worm at a high speed.

+

As tle worm spins, the rotational motion is translated into a linear motion by the gear.

Since the longer bar of the link system 18 connected to the gear at point ‘B’, and

because the shorter bar is also connected fo a {ixed point, the linear motion is

transferred {rom ‘B’ to point ‘C’ resulting in an oscillatory motion about point C which
in turn is hanslated to point ‘D through a crank shaft mechanism. The Solar panels are

mounted on a base fixed to the shaft along ‘D’. When in operation, point ‘D’ undergoes

an angular displacement of over 90™ This effectively covers the sun path.

¥
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Chapter four
CONSTRUCTION, TESTING AND RESULTS

4.1 Construction tools and materials
The tools and materials as well as instruments used during the testing and the
construction of the project are briefly described below:

{. The simulation: j‘lle c;rcuit diagrgm waé tested on the contputer using the Muit
isim 2001 software for the simulation analysis of dc operating points, transients
and parameter sweep.

2. ‘The l)rc:{(ll)()ﬂr(l: This is a t2mipgrary board for circuif testing with tiny sockets
_that allows for electronic components (i.e. resistors, capacitors, ICs e.t.c) to be
plupged in, easily without damaging the corponent. The breadboard wés used

v for pre-construction tcst.ing of circuit and'suh—circuils before the Components
wetre soldered on the Vero board.

3. Analogue/ digital multimeter: 'fhese devices (instrumers) were used for the
‘I\/[easuretﬁcnt 6f electrical quantities such as .‘resistancc:, voltage and current.
'_l‘here were also used to test the circuit sections for continuity.

4. 'The Vero board: This is a perforated board on which electronic components

can be inserted and soldered permanently.It was used for the permanent

42
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construction of the project prototype from the circuit diagram.

5. Wires and connectors: Wires were used during the testing stage of the project
on the breadboard to connect the components together as well as the different
sub-units of the circuit, they were also used during the soldering of components
on the.V’ero board. Copper wire was used.

6. 1C Sockets: This is a device used to hold 1T in position; the 1C socket as first
snldered on the Vero board before the 1C chip was fixed on it to protect the IC
from the heat of the soldering iron.

7. Wire cutters / strippers: These tools were used to cut wires to the desired size
required size before use, as well as to strip off insulation wire in other to
expose the conductor for proper and neat soldering.

8. ‘Soldering Iron: This is a low pmfver heating element typically in range of about

40 Watts. It provides the heat nceded to :1.1elt the lead, so that it can be used for
:he connection of the components permanently on the Vero board. It is US'uaI]yv
connected to the AC mains.

9. Scldering lead: This is a metal (lead) wire ' low melting point. It is used to

ciecirically connect components and wires in fixed position on the Vero board.

10. Lead sucker: This is used to suck up excess molten lead from 'the Vero board

to prevent short circuit (bridging) or undesirable electrical connections. !
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4.2 Construction Details
“I'he circuit was laid-out on the bread board to observe its operational response
and ensure that it is il line with required objectivés. Then it was dismantled.The circuit
was {inally covns.tructcd on the YGI’() boz}rd. The components were insqlcd into tl.xc holes
on the board properly to ensure that it is out on the other side of the board where the
copper tracks are. All components and connecting wires were inscrted in place before
soldering. The MCU chip is very sensitive to heat and so was protected by the use of IC

socket. The socket was first soldered on the board before inserting the IC.

[

A S e




e

i o bt

N

Construction Precaution

All soidered joints (points) were tested for continuity so as to avoid unnecessary

open circuits.

All the excess leads were removed to avoid bridges (short circuits) on the

- boards.

Polarities of the electrolytic capacitors and LEDS were properly checked to be

correctly positi0n¢d bet:ore connecting (sqldering) on. the Vero board.

ICs weré mounted on 1C sockets to avoid overheating them during soldering by
soldering the 1C socket firsi un the Vero board.

'Excessive_ heating of the components was avoided so that they do not burn by

v

making the soldering process to a component very brief,
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4.4 Testing and results
‘The circuit was initially constructed on a breadboard and found to be working

properly. It was then dismantled and the components transferred to- the Vero board and

i

the connections were made as appropriate. Continuity test was carried out with a
multimeter.
"I'ne motor controller circuit was tested next in ensure that it could rotate in the

clockwise, anticlockwise as well as stop positions with minimal noise by replicating the

action of the microcontroller. After the whole system units (electrical and mechanical)
had been coupled, the solar elevation tracker was then tested. The first test on the solar

tracker was carried out with torchlight. When light was directed more on one side, the

system was found to adjust to a position that balanced the light on both sensors. The
Light was then transferred to the other side to ensure that the system could work both

ways. Desired results were obtained with minimal hysteresis. When the light was shown

directly, the system was relatively stable. The same tests were also carried using

sunlight. The sensors were shaded individually and desired results obtained.
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Chapter Five

CONCLUSION

From the testing and results obtained, it can be seen that the tracker satisfactorily

tracks the sun during the preset periods, resets after, and “hibernates” during night

tire and resumes at a preset périod. The system designed improves the output and thus

efficiency of an Amorphous Silicon photovoltaic cell.

'

The tracker is an option when a higher cell output is required, rather than investi

\

ng in the increase of more cells, which is by far more expensive.
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RECOMMENDATION

In the design and construction of a Solar Elevation Tracker, the system
satisfactorily tracked the elevation of the sun. However due to seasonal changes the
system could be expanded to accommodate both elevation as well as lateral tracking

The system could also be modified to source its own power from the one generated.

Then it would be completely self - driven.
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APPENDIX B’

(A) Forward Mode

£

- Optocoupled Motor Driver
Operating Point for FORWARD wmaode

@
13
1y
e

DC Cpexating Foint 1 I
2.66674n

53.04879m
6.25850
10.77832

(B) Reverse Mode

et

i
i

Optocoupled Motor driver
Operating Point

DC

Opzrating Poinc i

13
11

€.25350
£3.04870n
 2.66674n
10.97282 .
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APPENDIX C
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(A)  Solar Intensity Detector (Cds)
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APPENDIX D

_ Flow Cliart
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MCU Registers Summary

APPENDIX
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APPENDIX F

Waveform Generation Mode Bit Description

WGMI2 | WGIIT | WGH1D Updateof | TOV1Fiag Sat
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2 0 0 i 0 PYiM, Ptiage Correct, 9-bit o1rF | TOP BOTTOM
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APPENDIX G

#include <stdio.h>

#include <avr/io.h>
#include <uvt/interrupt.h>
#include <avr/signal.i1> :
#include <avr/pgmspace.h>

#include <avi/sleep.h>

#include <ctype.h>
#include <inttypes.h>

#include <stiing.h>

fidefine BAUDRATE 9600

#define BAUD_REG ((uint16_t)(F_CPU./ (16.0 * (BAUDRATE))) + 0.5) - 1)

//if above .5 mark, round up; replace 16 with 8 for double '
#define BAUD H  ((uint8_t)(0OxFF&(BAUD_REG>>8)))
#define BAUD L ((uint8 t)(0OxFF&BAUD REG))

#define init_motor_period 300 . // initial PWM signal period

#define init_mofor_duty 150 // initial PWM duty-cycle period
#define MOTOR_LIMIT_H 2500

#define  MOTOR_LIMIT_L 100
#define SID PORT PORTA
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#define SID_PIN PINA

fdefine SID_DDR DDRA
#define SW_PORT - PORTB
#define SW_PIN PINB
#define SW_DDR DDRB

fidefine  LED PORT PORTC

#define. LED_PIN PINC

#define LED _DDR DNDRC

int ' tach;

uint8 t 3 limit, direction; ‘ /11 =1left, 0 =right
int magnitgde; |

'uintg_t' ~ SID2J; |

JRE¥ delay ** %tk ok ko kbR ko Rk KRRk
sk ok ok %

rough delay; 65k loops, 4 instr each, +over head: 65536*4 = 262144,

*

round up tp 300000 clks (time: 300000/F_CPU seconds)

Fookodokdok gk dok gk ok gk ok ok kok ok sk sk ok kok kR Aok ok kR ok ok Rk kb sk ok kkok dok ok okok ok sk ok Rk Rk ok k

Aok ok kK ok |
Void" deiay(void) {
uint8 ti, j;

for(i=0; i<255; i++) {
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for(j=0; j<255; j++) {
asm votatile("nop"*:);
} .

}

}

i Titner 0 Interrupt triggered by Overtlow
SIGNAL(SIG_OVERFLOWO) {
if (motor_timer > 0) { motor_timer--; }

}

- ) 3 ; - . Rk ok ko ok ok ke ok
/***}SUS_HQTTJ(RIJPTT)********************f************** ok ok

okok kokok ke kkok

* tachometer

e s sk ok ok sk ok sk sk ol sk ok sk ke skl ok kol sk kool ok sk skokosk ook skokosk kokok ok ko ke dkokeokosk ok sk sk ok sk keokokkokok sk ok kk kok sk

ok Kk K

SIGNAL (SIG_INTERRUPTO) {

/la holg has passed on the encoder; increment or decrement the counter
1 based on.the direction

if(direction == 0)

tach;—-;‘

els= if{direction == 1)

tach++;

if(tagh >= IMOTOR_LIMIT _H)
iimft= 1;
else if(tach <= MOTOR_LIMIT L)

limit=0;
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else
limit=2;

}

/*** SIG INTERRUPTl ***‘**********************************************

kb ok ok ke ok

* 0 limit » . L R T R ; . O

v Syt : ! i
***.***********************4‘*****1‘**************‘**********************

L ELLELY

SIGNAL (SIG_INTERRUPT1) {

if(limit === 2)

limit =0;

else

limit = 2;

tach=0;

}
/*¥;ge&ﬂl)************************************************************
******_*

*

read current position of panels solar intensity detector

Bk kok ok kR kok o kosk ok kool okokok o kok ok okok sk ok ok ook sk ok sk ok sk sk e sk ok ket sk skl ok ok ok R Rk Rk kR ok Rk

***%_ﬁ****/

void getSID(void) {

ADCSRA |= BV(ADEN); // enable ADC

SID[0] = C;

ADMUX {= BV(MUX0); // select PA1 as input for ADC
ADMUX &=~ BV(MUX1); "o
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ADCSRA |=_BV(ADSC):;
// start conversion

loop_until_bit_is_clear(ADCSRA, ADSC),
// wait for conversion to finish

"
SID[0] += ADCH;:

SID[1} = 0:

ADMUX [=_BV(MUX1)|_BV(MUX0);
I/ seiect PA3 as input for ADC

ADCSRA |=_BV(ADSC);
// start conversion

loop.huntil__bitjs“clear(ADCSRA, ADSC);

>

// wait for conversion to finish

SID[1] += ADCH;

ALCSRA &=~ BV(ADEN); /f disable’ADC

/] excess '
if{SID[0] > SID[1]) {
if(SID[1] ==0) -

SID[I]J;+;

magnitude = SID[0] / SID[1];

diréetion = 0;
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b |

else if(SID{ 11> SINJOY) ¢
if{SID[0] == 0)

SID[O]++;

magnitude = SID{1] / SID[0]; '
direction = 1;

ki

else {

magnitude = 0;

}
}

/***Sasph]***********************************************************

ok ok ok sk ok

* set speed of motor (PWM)

ok e ok ot ok ok ok ok ok ook ok ook ok sk ok stk ok sl s ok ok ok sk ok ok ok sk o ok ok okl ok e ok ok o ok s ook o o sk ot sk ook s ok ok ok ok ok sk ok ok sk o s

********/

void setSpin(void) {

if(magr;itudc <2){ //replace # with a hysterisis value
niotor_break();

else if{(direction == 1) && (limit!=1)) {
POIl{TD [= _BV(PD4), | |

PORTD &=~ BV(PD5);
motor_controller(magnitude);

b

.
!

else if((direction == 0) && (limit!=0)) {
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PORTD |=_BV(PD5);
PORTD &=~ BV(PD4);
motor_controller(magnitude);

}

else.

PORTD [=_BV(PD4) | BV(PD5);
}

}

/*
* MOTOR FUNCT ION: motor_controller(char vel, char dir)
*/

void motor_controller(int magnitude) {

// SPEED

motor PWM_duty = magnitude*motor PWM _period/100;

motox;updateDinty();

i TIME

motor_timer = 2; // 0.008 sec interval, 122Hz

/I Wait until timer runs out

while (motor_timer > 0) {3
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// break ON

motor_break();

}

void motor_break() {

PORTD |- _BV(PD4)|_BV(PD5);
}

/¥
* MOTOR FUNCTION: motor_updateDuty() -
*
void motor_updateDuty() {
char lowByte; . -

char highByte;

lowByte = (char)(motor_ PWM _duty);

highByte = (char)(motor PWM_duty >> 8);

OCR1AH = highByte;
OCI:{IAL = lowByte;

}

/*
* MOTOR FUNCTION: motor_updatePeriod(}
*/
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void motor_updatePeriod() {
char lowByte;

char highByte;

lowByte = {char)(motor_PWM_period);

highByte = (char)(motor;_PWM _period >> 8);

ICR1H = highByte;
ICR1L = lowByte;

}

/***‘I SIG_UART—_RECV *********************»****************************

Fok ok gk ok ok kok ok

* interrunt on receive byte; for now just echo if any char received

s st ok ok ok ok sk ke sfe sk sk ok ok sk o sk she ook sk sk ok skeoske sk skl skese sk sl ko sk ks ok ko ek e sk ke sk ek ek sk kst koo ok sk sk ok sk sk ke

********/

SIGNAL (SIG_UART RECV) {

uint8_t temp;-

temp = UDR: / read
UDR = temp, I/ write (just echo what the user types)
b | |

/*** uart tx ok sk o sk e ok o sk ke sk dkosk e sk ok ke sk skeskosk Aok ok sk sk ksl sk ok sk sk skok ke skesk ! ke kkokokosk ks ok ke desk ok k

* Aok kA : . iy

* Transmit given data via UART

sk ok o ok ok o ok sk o sk ok ok kot ok ok s ok ok ok ok ok ok sk o sk ot ook e ok e ok st ok ok ok ok ok sk ok st ok ok ok s ok sk ok ok ke sk ok stk o ok ok ok ok ok

***i****/

uint8_t vart_tx(uint8_t vart_tx) {




s i e

while(!(UCSRA & _BV(UDRE))); // wait for empty tx buffer

UDR = uart_tx; | // put data in buffer, init send
return 0; '

}

/***; uart rx ************************************************************

F %ok gk ok

* Transmit given data via UART

o ok ok o oot e o ok s ok o o ok ok o ok e o ok ook ok ok s s ok s ok ot ok ot s sk o ok ok ok ok ok o ok sk ok ook sk kst ok sk ke sk ok ok kol ok skok ok ok

ook ok ok |

uint8_t vart_rx(void) {

while(HUCSRA & BV(RXQO))); // wait for full rx buffer
rétum UDR; /* return the new ¢ */
} o

/*** nit ook ok ook ok ok ko ok ok R ok ok ok ook R ok ok ok ok okl ko kb ok ko R ko ok dokok ok ok

*ok Rk ok &

* init all vars and ports

v

: ] . .
o o ok ok o ok sk o ok o o ok ok ok ok ok e ok o ok ok ke oo ok ok ok ok ok o ook R o ok o o ok ok ot o ok B o o o ok sk ok o o ok o ok ok o ok ke ok ok ok

*$¢**¥**/
void init(void) {

SID_DDR = (b00000101;

// sensors (1,3) are inputs, sensor grounds (0,2) outputs
SID_PORT =0b00001010; .  // pull-ups active {1+3), grounding pins low

t

/*
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R e SR 5 e 5 "

PORTD pullups direction

0i ;: RXD 0 0

lo TXD 0 | 1

21 INTO 1 0 opto-interrupter (rotations)

3i INT1 1 0 ) opto-interrupter (limit)
40+ OCIBO ~ St opto-couplerd (spin0) |

50 | bClA 0 | 1 \ opto-coupler! (spin 1) B

6i ICP | 0 |

71 0OC2 1 0

*/

PORTD = 0b11001100;
DDRD = (b10110010;
TCCRO = 0b0N00G100;
TCCRIA = 0610000010
TCCR1B = 0b00011100;

TIMSK = 0b00000001;

// set baud rate: UBRR = (F_CPU/16*BAUDRATE)) - |
UBRRH = BAUD _H;
UBRRL = BAUD L

UCSRB=_BV(RXEN)| BV(TXEN)|_BV(RXCIE), //enable tx, rx //and rx int

// setup ext. interrupts 0 and 1

MCUCR |=_BV(ISC11)| BV(ISCO1); // falling eige

GICR|= BV{NTI); I/ enable ext int 1
!
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/f setup ADC
ADCSRA = BV(ADPS2)| BV(ADPS1);

ADMUX = BV(ADLAR);

sei();

// Global Variables

mot(;)r__PWM _period = init_motor_period;
motor_updatePeriod();

motor PWM_duty = init_motor_duty;
fnotor_updateDuty(); _

bmot(l_‘n_break();

motor_timer = 0,

limit = 2;
diregtion = 0;
magnitude = 5;
setSpin'();
while(limit 1= 0) ;

setSpin();.

GICR &=~ BV(INT1);

GICR }= BV(INTO);
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/! set ADC clock source division (64)

" ADC -> ext ref voltége

// disable ext int 1 (for calibration only)

// enable ext int 0 (tach)



limit = 2;
direction = |;
magnitude = §; -
tach=0;
setSpin();
whife(tach <MOTOR_LIMIT L);
!
int main(void) {
init();
fdev"open(vart_tx, vart_trx, 0);
printf P(PSTR("n\r\n\r\n\rHello World'\n\r\n\r™));
delay(); | |
// loop forever
for(:) {
getSID();
setSpin();
}
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APPENDIX H

”

Structure of Mechanical support:

1. Motor

2. Gear

3. Worm

4. Links

i
i
i
i
i
i

Crank & Shaft

[V R

T P
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