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CHAPTER ONE
1.1 INTRODUCTION

The sun s ap ever prosent source of power fenergy) of all Hfe on carth, We are iving

at & thme when thay

.
i o
ITENIONE OF

any pevind w history. By golog solar

, wi eould be teading the way towards

e tappad rom the infinitely free source {the sun)

i harning the environment through redug

s carbon emt

+and global warming.

The energy collocted by svatems 4

at ke use of the
we of the sun upon the

d position,

in oz osube optimal
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The varous

sapvements of the varth make the solar iradiniion
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o of the day

gitectors. Therefore, it begomes o

codiectors must be ensured o always obtaln maxinum irrading

sun tracker i an automaied

power, The fracking was
* ...

of pursly slectronic




1.2 AIM AND OBJECTIVE

» The mam aim of this project is o apply mivrocommiler 1o contrsl 3 sun

tracker,
# To ensure consistens alignment of the collectors surface with the sun o alwz ¥
ohiain maximuem radistion fom the sun.

» Yo eumwe masimom viitioadon of energy from the sun.

o The to the contimuous demand for multipurpose, multifunctionsl, less

;e

complex and highly flexible process, & micmeontroller was meorporated o

obigin high efficlency, rolable and easy © usse systena,

beg o

1.3 ] %EE ﬁ@%ﬁ}{x%

A
Fhe sun racker is an automated system that s tacking the sun 2 & constant angular

welovity, which approzimately following the sun’s path.

The drive methad is as slmple 95 8 gear miotor that retales #t very slow average raie of

ane revolution per day {Le. 15 degress per hour).
An eloctronic controller is ombedded o coordinaie svsiem opmration, with a real time

clock that is used 1o infer the “solar thme” (hour angle). Tracking sdiustment van be made

meremontally or contimiously.
1.4 SCOPE OF THE PROJECT

il axis

A Sun wacking system is designed based on single axis tacking on the equain
for yracking the sun from east o west daily, The svstery which is thme based s 10 b

:

controlied by the Annel 8951 microvcontroller and s pervipheral devices, 1o provide the

2]




corvect palse seguence for deivin

(}\Té

& D4 motor which is connected o the racking module

consisting of the coflecior,

i this project design, the sun tracker uses a real time vlock 1o determine the nosition

of the sun and follow s movement. This makes the system design feas oo miples, weathar

Lt

.

sesistant and highly efficlent. This project design disd net wie solar Humingtion feedbark
olves using the observed effects of the sun to sifermpd to determine its posiiion and

tolow its moversent, Such a system will therefore be westher dependent, STYOL Prone noresuit

t0r Ay inresse i system complexity,

1.5 PROJECT OUTLINE

S—

Chapter one gives a general introduction of what the proleot is all about, its aims and
objectives, methodology and scope of the projest,
The previous work done with respect 1o this project s discussed as the Thieratare
reviesy of chapter twe,
Chaptey thres covers the various g steps taken in the design and implementation of the
project wok and caloslations invelbee,
The lests carvied oul, result obtained and discussion of such resulis come under

chapier four.

The conclusion and recommendation constingtes chapter five,




CHAPTER TWO
LITERATURE REVIEW

2.3 HISTORICAL BACKGROUND

11310

The gartiest known record of the divest conversion of solar radistion inlo mechanical
power belongs to Acguste Mouwchout, o mathemalics instrusior af the Lyce de Tows.
Mouchout hegan his solar work in 1360 after expressing grave concerns about s country
dependence on cosh By the following vear he was granted the first patenr for g motor
runing on solar power and continued to bprove his desipn upti] sbout 1880 Duving this
period the inventor laid foundation for our modorn endersianding of converting solar
radiation oo mechanioal stoam power,

Meouchout inttial experiment involved 2 glass- enclosed irop cavddron: incoming solar

radiation pass through the glass cover, and the frapped ray’s gansmitted heat (0 the water, In
fate 1865, he succesded in using his apparaies o operaie g smadl, converdional steam engine.
By the following summer, he enlarged Bis invention's capacity, refined the reflecior,
redesigning B as a trunwated cone, ke 2 dish with slanted sides, o more scourately focus the
s S vays on the boler, Mouchorn also construcied a tracking mechanism that enables the

k]

entire machine to follow the sun’s aliftude and svimuth, providing upintempted solar

recephion.
Witliam Adams, the deputy register for the Eaglish Crown in Bombay, Inddia bulll 5

farge vack of many small mirors and sdivsted sach one 1o refleot sunlight in a specific

divection, To track the sun’s movement, the entire rack could be rolled aroand a somiciroular




.

wrack., projecting the concentrated radiation onto v stationary boiler. The rack could he
attended by a lsborer and bad @ be moved only three or fowr fimes during the day, or more
frequently o improve performence. Adam’s legacy of producing s powerfal and versaile
way 0 harness and convert solar heat survives., Engineers doday know this design as the
Power Tower Concept, wihith is one of the best configurations for laree svale copiralied
phants,

As the years wore o, newer methods were designed for collecting power as well as
tracking the sun. These included; Enginesr Charles Tellier's method of collection withow
reflection. By 1885 Tellior had incoreased the efficiency of the collectors by enclosing the top
without glass and nsulating the bogtom, Around 18700 115 engineer john Fricsson nvenied 3

novel method for collecting solar rays known as parabolic tough. 4 parabolic trough is more
akin 0 am off dram cut in half lengthwise that focuses solar ravs in 2 Hae aoross the open side
of the reflector. This type of reflector offored many advantages over its clroular countorparts:
it was comparatively simple, loss expensive o construct, and unbike o cireular reflector, #
only frack the sun in 2 wingle divection thus climinsting the nesd fiw complox tracking
machinery. The downside was thet the devics’s generated snergy and efficiencies wers not as
high as with o dish- shaped veflzetor, The first convnercial Yenture was by Aubrey Bozas
whiy began his solar wmotor experimeniation in 1892, and formed the fust solwr power
eomppany {The solar Motor Coy i 1900, Though the machine did nol become a lihure a5
Engas had hoped, the fuventor contributed a groat deal of soiemitic and techoical dota about

bt

solar heat conversion and nitlatod more than his share of public sxposure. 2]




1.2 PREVIOUS WORRS

twar 1o theew decades is

el sduging the fnjervening

A
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fuel ensis i the ourth

The soby enorgy exports

5 wouth San Josquin by Arat is hebieved o
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ik power.
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the sun throughout the day. [3]

oL DU T U S TP Y BN A ¢ arw g
Frank Bhuman AIONE sodar ene Y DrOers declared mmore than Ry ago,
5 the most mtional sowrce of power, Shaman developed & s drescker tracks

msvamnent of the sun gon

s the rays focased on the

oif was heated fo 300 degroes Celsins, The heat Gom the ol was weed

e v
H

geperate stemn which then drove o geperstor capable of providing 10RW of electrical power,

That is & amount of power . Power

Solar ong wWas very expenstve pu oud and become pure

gxpensive, solar powsr stalion n




in the 19504, the Plhilips vesearch 3::%%?.«{3?31‘4:}{}? i Emdhoven, He otland, conducted o
sprcesstul brge - soale research programme concerned with the fabrication ot solar
Hhwmination solar frac Ker, his research achieved an efficiency equal 1o that nf ¢ Grtemporary
internal combustion engine, Two Indian se entisis, Cthel and K e, construcisd a aup

tracking system in New Dol using solar position dats weuld fook up or caloulate the sup’s

patl for 2 given day, and would foltlow that path, Such system allow for very pood ackin

e

awturacy. However, this 5 approach 9 alsn the moss compies, wnd for 2 evsiem as small as this

e

such control 5 mt necessar vy, They uwsed the hewt from a parabolic collection surface 1o
develop 176 hp hot — air engine operating ar 100 - [ 2000F i3]
The past 25 vears have witnessed the emergenco of various methods of snluy . CReTEyY

vollection a3 2 result of the | improvement in technology witnessed within thi period. Some of

our brighivst engineers have even 3 provdused some exemplary designs during the period,

& shadow method for sutomatic Backing, which is an awtomatic method that uses

“back~ 1o~ back’ sem-cyiinders o mask solyr radintion was deseribod and presented for
publication at the Solar World Congress 1987 in Hamburg by Sode Shinni Nmade Rumala,

6]

Jrasns

& time-based solar racking system was also deg; sgnesd Based on single axis g soking,
on the ggustorial fracks Mg axi 1o frack the sun From eas W owest daily during sun hour
periods in October 2006, by Jubir Garha, An opent loop control mode was adupted using logic

conirot eireult and suliable imterface for the stepper motor and other cireuttey. {7)

I April 2008, Audi Horahiny realized Wior aprocessor-based solar tracker, The system

which §s time based is 1 be comro ot by the INTELRORS Wicr oprotessor and i periphers)

devices, [4

k3

~nd




[0

H

700
Iy

¢

S
Bl %
”

b3

1058

e}

i GEML

K
H

Fren

+
¥
H

it {

H

the

&
i

P
s
AV

end

A Sl

: a2
) s
o
L L
oy -
v




CHAPTER THREE

3.1 THEORETICAL BACRKGROUND

The cirouit design of 2 microcontroller based sun tracker is carried out in module as

sepresented bolosy,
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Fig 3.1 Biock Disgram of o Microcontrolior Based Sun Tracker




331 POWER SUPPLY UNIT

Most glestroniv devies vequire do volisge 1o operate, Therefore, batteries are very useful

Tt

m dow power o portable devices but the operating e of soch devices is limbied unless the

o

batteries are recharged or replaced constantly. The more readily avatlable source of

m}
]
e
o,
-
-
&
44
-
W

the Sz, 240v a0 outlet. Where 2 de vollage is reguived, o do power supply circuit may be
employed 1 convert the o voltage o a de voligge, A voliage regulation may be lncorporaied
i oa power supply cireelt In order 1o climinate the variation of power supply voltage with

o WW Al

changing taput cureent. A typical sivangement for do power supply s shown below;

AL~ Transtormert Reclifier 1

a%{é*f

igure 3.2 Basie Process of a Power Supply Bystem

posty
&
2y
ot

The provess for the conversion of A0 supply 10 .0 18 tormed “rectification” wh

has the following components:

2
)
o
3
&3
e
<
P34

4, Yolage Bogulator,

i




33101 STEP-DOWN TRANSFORMER

This s used 10 reduce the allornating npe voliage 0 2 lower tevel In this desion

240y wu s stepped down to 12y ac which s then rectificd and regulated to 5v da.

R
°ﬂ§ \.ﬁ \»‘g . ‘ »
g veliags AL .5 S

imalns supply oo W
£

:} “nssns

3
\\ /( Hirney
a\v/-‘)

Transiormer Ondpet low woltage AD

Figare 3.3 Step Dowry Teasformer With Its Voliage Ouipm

12102 RECTIFIER

A reciifier 18 a cirenit which employs one or more diodes o convert ac voltage ndo

pulsating de voltags.

o b=

E3ct%

Full wave bridge weotifier chrondt s most freguently used for electronic do power supply.

it reguires four dindes to convert at into pulsating do by vliminating the negstive helfevele
of the ac voltage being rectifiod. The oporation is such that; during the positive hall ovcle of

the g0 supply, dindes I and Dy conducis, while the other two diodes {3, and D) conducis

during the negative balfecvele. The output wavelem i3 shown below;

., . - o,
o " o Wik ?.(3,?.?’«:'
v —— - “ et

P
A T %%«

., . o o,

rovesm, B ‘/‘ ‘\ e / ‘-\_‘ o "‘..\

*'” J){b H \"s "gj 2] "‘, £
. s, ol ‘*~ .~__ it sl - % s
PRURITYE S @\ . B SEe1e Rt [ P
. % onrcd e

Ly TUSRSRE Pt :7 "Q’ ‘
1‘.~-’ o, m,f‘}"\}' N -
“Feanevamtosreriesy Fremaoiifiess sttt waryingg 90




3LL3Y  Fiutem

-

The function of the

> filer i 1o smonth the puisations present jo the output volipge

supphied by the rectifier, In practice, no filter gives outpid voltags that is ag Tipple

o

of & battery, but it it considershly reduces the tipplo o corain exiem, A capacitor is used o

gehieve the filtering #s shown below:

Figure 3.6 Rectified it

A3.4.4 VOLTAGE REGULATION

Iz order to kezp the termina! viltage of |

of the DO sapply constant, g volts sgs regulnior

i CPSr -
2 oropidaig used i TEOS SHye

L

o 3.

Y ois peeded for the s YR operation, i



mairgais 2 constant DO supply even when therg s o variation of the 2.0 gt from

ranstormer and when the load varies,
3.1.2 MICHROUOKTROILER

The micrecontintier thal was used ig the

¢
o
ey
22
-y
P
2
N
el
ey

ATROOSY A microcontrolier

ey 3% & vovmputer on 8 ohip, which can be used 1o perfoem s mumber of desired tasks as

delined or instructed by the progranumer, using either savembly languags {ASM

(C-langoapey. B oconsists of the memory, the inp device and the outpnt device, For fhis

peoiect the K051 family was used, specifically the 8951, The rajoros

is as shown bedire,

&iid : 7 wem thy n“ai

Fagsresifatne

}«ﬁ;' 'ﬁwc{\_

ok Fuspine

e

S o $
%’ Prrnggrann Ui eviey i H
oot
Figure 3.7 Mivrocontroiter Block THagram
The micrecontrotier i o sardronductor devise consisting of electronic logio virpuits

p2t

manuiaciured by using either large seale integration or very-large scale integration feg

Raest




o

atse 6 programmeble logic device designed with registers, Hip-flops and thming

elements. The mcrocontrotier hos 2 set of inswactions which sre inforaatly designed and are

capable for performing fonction and making decision 1o changs the sequence of program

ey

exsoution. The microconiroiler basically ferh deta from the memory and performs the task
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specifizd, it alse comimunicsios with loput/ouiput device 1o aooep o

the microconiroiier consist of the arithe
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ioad unit {ALLUY the program couner
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31.2.1 DESCRIPTION OF ATMEL AT85C%]

The ATERCST 5 o low-power, high-performance CMOS &6t microcomputer with 4

¥
ey

Kbwies of Flash Progranwnable and Frasable Read Only Memory (PEROM)Y, The deviee

magrnitactured using Aumel’s high deasity nen-volatile memory wechoology and is compatible

with the sbustry standard MOUS-51 instruction set and pin out, The on-chip Flash allows the
program memory © be reprogrammed tnesvstom or by @ conventinna non-volatiie roemory
PIOEIamIner.

By comnbimng a versatile $-bi CPU with Flash on 2 monolithic chip, the Atmel
ATESCAT 19 a powrful microcomputer which provides a bighly flexible and cost effective
solition 1o many smbedded control applicatinns,

The ATEOCEY provides the following standard features: 4 Kbytes of Flash, 128 bytes

P

oy
T
k3
2
o~

of RAM, 32 V12 boes, two 160t timer/coanters, five veot two-level interrupt architecture,
filh duplex sevial povt, on-chip osciflator and clock cirpuiry.

In sddition, the ATERCST is designed with static logio Tor operalion down 0 zero
frequency and supports tw sofbwarg selectable power saving maodes. The Idle Mode stops
the CPU while gllowing the RAM, timer/counters, sevinl port and intorrupt sysiem 0
vovgimig tunctivoing, The Power down Mode saves the RAM coments bul freczes the
oseitator dissbling all other chip functions uptil the next hardware vesel,

3422 PIN DESCRIPTION
The Voo is Supply voliage pin, while the G s the Ground,
Port §: 1t is an &-bit open drain bidirectional VO port. As an outpul port each pin can

sink elghy TTL inputs. When s are written to port 0 pins, the pins can be used as high-

LA




mipedanes Joputs. Fort 8 may alse be confipwred m o bhe the nmitiplesed lowe-order
addressidats bus during accesses 1o exlerns] program and data memory, In this mode PO has
iernsd pulbaps.

Port § also receives the code bytes during Flash programming, and outpuis the code
byies during progrem  verification. External pulbops are reguired during DEOZIHn
verifization,

Erbamgranet.
W FEY

Dapigton.

Buat Latch Bt ! Depitin
oy Wi LY

Laintis A

Rede Lt

Ress for Doty

Fig 3.9 Por § Configuration

The Port 10 is an 8-baf bidivections] 0 port with internad poli-ups. The Port 1 oo
buffers can sinkfsource four TTL jopmas, When §s are written to Port § pios they are pulied
wigh by the internal pullums and can be used as iopuis, A inpuds, Port | opins thal are

exiornaily being pulled low will sowrce current (1LY beoause of the internal putbups, Port §

’«*

aler voveives the low-order address byies during FPlash programming and program

verifioation,
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Pt 3 T Lot abioen

Fig 3.10: Port 1 Configuration

Mext is Port 30 This i an 8-bit Wdirectional P03 port with internad pull-ups. The Port
2 output buffors can sink/source four TTL inpots, When 15 are writien to Port 2 pins they are
pulied high by the intornel pull-ups and can be used a8 jupus, As inpuss, Port 2 pins that me
extomnsily being polled low will sonrce cwrent (1) beocause of the internal puli-ups, Pon 2
emits the high-order address beie during feiches from exiemad program mermory and during

gnoesses 1o external data mernory that uses 16-bir addy

sses (MOVE @ DFTRY In this
application it uses strong interal pulbups whep smiging fs

Proving accesses o extomal data memory the uses 8-bit addresses MOV

Port 2 emits the contents of the PI Special Punction Registor. Port 2 also reoetves the highe

order address bits and some control signals during Flash programming and verification,

Ctnastens

Kifctanng

SFend b atere 838

- i z By

. ; s FEY

'-._Wj ¢ “‘.'..
- ek

R 3 I k s cosnns .
ey ad ot . g e 73 P ! 3 25. €}

Largie ;
e o tasteh —

Pyt & P GonBigaretisn

Bmed Tin Uiz

Pl 1 Bt 70 -
Fig 3,13 Port 2 Configuration




Port 3 Is also an B-big bidirectiona] YO pori with indernal pull-ups, The Port 3 output
butfors can sinkdsource four TTL nputs. When Ts are wrilten 1o Port 3 pins they are polled
high by the mternal pulbups and can be used g5 lopuwis. Av inputs, Port 3 pins that are
externaily being pulled low will sowrce current (L) beoause of the pulbuns.
Port 3 also serves the Dmwtions of various special features of the ATESUSL PAY
oris i 1 TRD {sorial putpa porty, P2 INTY (exterpal interry 3.3
RXEY cserial tnpat port), P TXD {sorial outp portd, P2 INTO (oxternal interrupt 03, P33
W {osternal ivterrupt by, P34 TH Gimer § external input), PRS T (dmer | exten ¥
T {osternal ilorrupt By, P34 T Ghmer § extornal inputy, PRS T (dmer | external input),
Pi.6 W fexternal data memory write strobe), P37 BRI (extornal duta memory read stroba),
Port 3 also veceives some conirol signsls for Flosh programeming and progranuuning
Port st yooeives som wrob signals for Plosh programming and progranuning

st fication.

Th

("‘9.

BST pin i3 9 Reset input. A high on this pin fr two machine oyclss while the
paciitaror 18 nming rosels the device, while the ALEPROG is Address Latch Eunble
polse for lching the low byt of the address during aceesses o exiornal memory,

strersatn Cnaspad

gt Lok Pu

—gh
]

%

. 3
.

peeeransinss,

intasat Huy : i i gt
Write v st o8, i
o sasnn ot

et R L gt

Pt 3 Pon Drmfiguratiog

;»J
Froad Pin Duis

Adinrnsde bagt

Fig 3120 Pon 3 Configwation
This pin is slso the program pulse npur (PROG)Y doring Flash programuming. in
norms) epgration ALE s emitted at 2 constant vare of U5 the oscillutor freguency, and may

he psed for ewieral timing ov clocking purposes. Wote, however, that one ALE pulse 3

#

1




skipped during each sececs o external Piais Memory. The # SEN, which means Prograry
o 18 the resd strobe W external PIomam memory, When |
Srenuting code from exse

e ATRYC

'\ﬁ

i s
wt program memory, PEEN is activated i
except that rwo PEEp

€ vach machine ayele
< Bchvations gre skipy

ped during each sogece W extornal dats ey Oy,
Forthe Ea/ypp {Esternal Avppey Enghle), Ba

st be strapned to (N i order o enable
the devics 1o forck cote from extorpal Pogram memory

Y ivations starting st 0000 Hp 0
FFFEH. Mote, however, thar ir fock bit 1 |

S programmed, EA will be niemnally latched on
resel. BEA shondd he Strapped 1 VOO o interna) rosran

..... pin also receives
SV progy TEIITNgG enable vollage (VPP during Flas P PrRErammng, for parts tha
sequire 12l VPR, {91

3023 OSCILLATOR CHARACTER STICK

Al dighal com

PUET Bystems gre ¢

Some orn of oscillatoy cirenit: the 8057
tindy no Sxeeption. The oscillan 0 SR IS the hearihen:” of the svster and criciad to
oot Operation, For esample {the oscillaty fails, the svate

vy i o
asctiator rams

unction at all i ihe
: 2etyedbaviny o gt M ; v.rg«‘- ;;c t §/~, Ty if} '§E1o- B4 iggy ‘g;f:'é ?vz‘.’,
sregiiarly, any vming caloulations paiirmed by the svaom i he
macurae, As g general rule, the spoed at which your application

nns is gin
oy the oseillamy frequency, Ope popu

ety determined
& mwasure of specifyin E portormancs in o guaniitative
BT i3 the number of p schine instructions the May be executed in one e
cspressed In CMIPR Milkon Instroction Pey Secondl A minimum TN R
required to oxecute g maching instructing, The origingl 805 had 8 masinum oaeitintor
Fogueney of 128y and therefire 4 pegy; performance of 1 Mip, Morg modern {standard)
BOST devices allow o 2 of clock apeed well bevond the 12 Mty B

unit of the origingd
deviess,

ig




osciliator cironlt generates sinusoidal vecillations across an LU tank, which

is converted inlo 2 square wavelorm, ofion using 2 blased anslog inverier, This ipverter wips

bed

N -

at & designed tip poig and ampiiteds of the dnput wavelorro, The performance

chavacieristios of g crysial oscillator generaily depend on both the partiondar ot and the mnde
of vibration. Each cotamods combination is considersd 25 o seporale plozoelovinie olement

angd the more comnonty used clements ofien are destgnared with letier syrabols,

\“:‘

XTALY and XTALZ are the mput and ouiput respectively, of an jnverting amplificr
which can be configured for use as an on-chip oscilistor, as shown in Figure 2.7, Fither o

k3

guariy orysta! or ceramic resongtor may be used, To drive the device from an external olock
2 oshould be lefl unconnected while XTALL is driven as shown in Figure

2.37(b). There are no requirements on the doty ovole of the externa! clock signel. since the

5 “

it to the inmtems] clocking cirenitry is throuph o divide-by-bwo fiip-flop, bt mindmum and
maximun voltage high and low thme specificationy mast be observed, (101

£}
s i

v 4 Bassoosss . B ATRLD
# it 18 Z
Lryshst oo
o Y ey Ry

Lermmds Rugonghor s

4 f pros : YBETALY
Fig 3.13 {a): Crystal Osciflator Cireuld
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LLIOPTICAL ISOLATORS (MOC 30823

Optival fsolators are designed to olootrivally isolate one ciroudl from another

,.\.‘. a

while allowing one ciroult 1o control the other. The usual purpose of wolation 8 W
provide prowection frow high volisge iransionis. surge vollages and low Jevel

glectrical notse that could possibly resull in an erroneous outpol or damage o the
devic, Buch isolators aliow fmtorfacing of cirendts with different voliage levels and

o

difierent grounds ote,
An Optical isolstor consists of g Haht source such as LED and a photodetecior

and s available In o stenderd J0 packege. When LED is forward blssed, the lght

ceduoed by it is transferred to the pholodetector which bs turn ON thereby producin

Sk

currersd threagh the external Joad.
¥t can be nsed in applications where o fow- lovel input voltage is required 0

iateh » high voltage relay for sothvating some kind of clectro-mechanicnd devine, {11
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The aystem was designed o meet the (ollowing reguirements,

aubennated acking of the wun in i

% To provide an swtomatic posiitoning of the collecior plate as g fonction of the

fimee st by the o

24 - howr digial clock corresy

B OPOWER BLPPLY

sntor, High

A THD supply of 3V s veguiesd for the contred fogie and 13Y A0

wrptios were derived from g 220V 715V sig

reviified into D0 by g fulbwave bridpe rectifier by

53 AL - A T
TOMEOTOR | s.
oo g B .- N N
oRvERT L

: “

E3 <I> - L] :

204 Systom Power Supply
The raw 15V AC was fod vt o BV power - trioe, a poswsy switch fo gontrol the

snotor current, B was alos eonverted fnte 2 DO voltage by o beider rectifier as diagramed in g

3.0, The rectiffed D had poskosmmeBiiude wiven by the expression

Vg ™ V’a’:’ﬁfﬁ gflj b4

Fora 15Y BMS voltage on 240% AL Hae condition,

23
ed
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high performanve 40-pin DIP, € bit mimcconuodler with 4 kilobvies of insyvsiem

veprogrammable flash mermory, 128 byies of SRAM and 32 prograromable VO Hnes. The

devies was e off 2 128Hz dock sowres. Binee microcontroller charactoristic froquency

was iternally divided downy by 12, the effective systern oporsting frequency is 1MEz

vielling an nstraction execution tme of | microserond {1as)

The system condrolier was programmed 10 exsome the following fonctions:

i, Prowide g veal thoe clock operation o serve as referpnce for overy motor control

speration.

B2

Provide sutomatic collecior plate adiusiment on an bourly basis.

o3

The controller was inerfaced with mher gysiom components gs ouilined below,

2%

e THTERRUPTOR

i 3 L0 MATOR. T
LISER TIME RETTING AL MEYTOR

S —— Y
DRIVER WS

¥
-0
PN

Fig 3,15 Controller— Systemn Imterface

The contradier execumed the svstem conirod software that » s mxdudarized

PR 4534 X

snabde sasy updateability and separstion of funetions, The softwars was divided nto
maior blocks thet boplemented the bilovwing:-

% Sysiem Witialization

5




5
e

Kaovpad So#THng

= Uomputation of the S count necded 10 Position the collecior plate,

@ Detection of THAKITET west . oriented excnrsion and e i the Jaf (e

ity

swicnded} positiog g

% Muintenance of system time.

The vontrol o ienal genorated by the microcontrolier was decided by the lpaipal

¢ eomirol software.

MOTOR {?{}N’E‘ﬁi}'@%&i_%{

Sogmared — down AC motar was used o provide precision positioning of the

soilentor. The muotor WaS power switched by a BT

39 pvwer triac gated ON/OFF by an
MO0 OPEO - iriae g5 shown belm

Fig. 3.16 Triae ac Motor Dirtver

A power wiae provided the BOOF current eontro! function Hty, Motor tirn OM was

vig an MOUA00 3 Gplocoupler activated by P39 of the aystem conmolier, LPRT was divectfy
vontrodied by sofiware.

AFESS
P




4 a

The oot Used had 4 2ORPM characterisis, corresponding 10 157 por 5L copsid, s
iy s the ot shrough, 32Y, iy, the Moty WS vt o 4 seconds aid niyped off
Though ni PO osition detection Mo chaniem was usolt 1 ok sure thal the Mok Wik

pf;-si'i'imze»;i an designed, teals N an the $ySIRH confirrmed that | the software © witrot YOuline

workpd ¥ well,

334 4 DIGIT 7 SEGMENT DISPLAY.

»

e wisual (teractivity with ¢ yser & Giaplay Was incorporated e design work. The

'

o

dispiay provided @ visaal presantalion of the sysiom fes 30 ihe user and also £na dates

A eOmnInn anode arrsngement Was gsed sinoe it allows current 10 D2 sunk through the
PRI by the ¥ acracontrotior. The digiis Wers spuitiplexed 10 achice wiring Compl ieity. The

digits werd sadividualiy driven by g PINY anode drivey @8 shyprveny bedow

“
3 :
LA &}
o é
k3
- é 4
. H

P I

et as

Fig 317 Comunon -~ anode Deplay
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easy then, The control softeare alse provided |

ination af gy B

Por example, the coliosior has homed and

v

dhe day 1 say 12 mald day, The collector can be positioned 1

e
FeTh

caviable of the syvatom tme Y3 The solt

ey ihen

i e helow,
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FOUKLE LORD

Fig, 320 comparator wavefoom conditionsy

When the colicctor 5 not homed, the Heit emitied by the LED {fulls directly

<

on the LU and the potential af the non - boverting nput of the LMISE wmplifier is

higher than the reference voliage set by the 100K resistangs on the inverting ()

inpast. The comparaior oulput s thus high
When bean discontinaity occurs due the plastic coming bebween the LED and

L3R, the potential on the non ~ inveriing input falls lower than the potential on th
woverting {3 input. The comparator switches its output Jow, inferrupting the conwrolier
and stopping the mor, (ther software oporations oan thenee resume from there,

it should be noded that when it is 1RG0 how ¢ that s 6PM), the svstorn remms the

collector 1 the home position, snd does nothing wniil 8AM g1 which true B conunences

iracking.

1.3 SOLAR GEOMETRY

Avaitability of solar energy is scoompanied with so many et characle

unpredictabilities which are coused by the motion of owr planel, ncluding the ear

a\




revolution around the son, the carth’s dally rolation about ity pwn gxis, and il of that ay

with yespeot o the plag of the eand’s orbit, The distingt motions predictably  yield

, v ¥ ~ . ,S_g
characterisiic effects, In faot, the mean distance berwesn the eanh and the s iz 1.4 ¢ 18

meters gnd duc W escentrieity of the earth’s orbit, this distance varies by & L.7%. As

¢

t regarding this is that the carth is farthest from the sun during the summer

—
o
-
&
~
fad
Wy
e
o
past
oo
al
-k
b
o2

memnths i the northern hemisphere and closest during the winter season. This variaiion

sarth’s orbit canses ke variance in the amount of radistion to which 11 I8 exposed.

The exere annual changes in the cwrth’s radius of elliptivel orbit only amount (o
some 2V, thus allowing the consderation of the wrbit as circelar without introducing various
greors. Observing the sen’s motion from position i the earths surface for sufBiciemby
reputar patterns of daily movement acrass the sky of cowrse, the patiorns do vary gradually
through out the vogrs. The position of the sun & gny choses instant can be delined fully in fig
214 wming two angles that measured o 2 fived location, one of these angles is called the

solgr sitftode and the other 18 the arbroth and both depend vpon time of the yewr, thme of the

day and katitade of the poim of reference. [12
o~ v i

yy
’I




&~ fatitude
“ % iy SiTe
“ i Tilt Angle

e

Fig 3.21: Solar Position Angles

34 SOLAR POSITION

One should not become overly concerned abowd the “haphazard” factors involved in

solar gvailability. Superimposed on the wopredicisbilites, there are strong cycle behavio

that prowide the obsorver with 2 foundation of precise regularity. These behaviors are caused

by the motions of our planet, inchsding the earth’s gromal revelution around the sun, the

earth’s daily rotation abootl i avde and il of thet axds with respect to the planet of the
garih’s orbit. These distinet motings predictably vicld charactevisiic effoct (Regino, 1978,

in and of #self] the vearly orbit of the earth cause Htle variance in the amount of solar
raciation w0 which it 15 exposed. The extreme groual changes in the owth’s radius of elliptical
srbit only amout o some 1% allowing v 1o think of the orbit o ciroular withowl senious

rror. An interesting faol regarding this is that the carth s farthest from the sun during the
sumrner months in the northern hendsphere (9500 million wmiles) wnd closgst during the

winger season (89873 milllon miles). A schematic disgram of this is shosen i fig. Barth’s
3 e Datg
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3.4

DEFINITION OF ANGLES OF 50LAR RADIATIHON

Zenith Angle (8% 1s the angle subtended by a ventical Hne to the zonith (hat i powt

¥4

directly pverhoad) and the Hap of sight 1o the son.

e

gutar position north or south of the equator,

Declination (dh Is the angular position of the sun & solar noon with respect to the
plane of the equaior,

Tilt Angle (53 Is the angle botween the surface in quastion and the horizontl (07 < B
< 1805

Hour Angle (wy 1s the sngular displacerment of the sun east or west of the local

w

meridian doe 1o radiation of the earth on is axis at 157 per bour,

Angle of incidence {8 Is the angle befween the beam radiation on 2 surface and
normut 1o the surface.

«n of the beam

Sedsr azimuth angle (Fek Is the angelar displacernent from Sowth of projes

radintion on the borizonial plase.

5 -
¥



AFLAT COLLECTOR

3.5  OPTIMUM ORIENTATION OF

For the sake of ohtaining WHKn radintion at solar novl for & ghven day, the flat
o et shonid be 58t in ohoa Way shat the @ 1. A4 neidencs ‘o gern that 18 e
Peiicawisd E3stetEds & RO iy osui 8 WY qat tha z).:}.gﬁz o R enis 1% TR R IR FC

_ ; .y s
ollerting sur{aoe as shwn i fig 2.5.2

spdiation from e sun shownld be prthogonal o the o

AR Y
[T ey

....,..w....M,....M....,w....w...,m
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Fig 225 Flat collector
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A penerslly acceptable orlentation fow ot collectors v that, the eollsctors should
abways point towards the dirsction of the solar bean (that s € = 0} The optimms direction
of g fixed far eollector is perhaps not ohvions, however a suiiable collector orieraton fir
most purposes 15 facing the oguator (e.g. die south in the northern boraisphere ) with 2 slops

(i3l anple) ennal o thy local latitude. 1172
3.7 SOLAR TRACKING

Bincg the various movernenis of the carth mske radistion paltorn to vary with the time
of the day, year {seasonaly and 5o on, it beoome Impossible cotlect moximum radistion during
the day with fixed collectors. Therefore it hecomes obvinus that consisiont alignment of the

collectors must by ensured fo always obizin maxinwm Hominetion fron the sun. In s

IR
plications, most especially for comcentraiors, wacking bocome oxpodivnt 1o obtam

o

axinurn energy conversion. n the application of photoveltale cells, solar wacking evbances

Ea)
L ik
Lo

conentrators’ officiency. Automation of the solar collecior could be obiained whare the unit

can opgrate without the need of human imtervention, Such system can track the sun s that

the ootlector receives maximum radintion at abl fime.
371 SINGLE AND DUAL AXIS TRACKING

In mos apphcation that reguives tracking, one axds rracking {Hast 10 West) 15 wiilized

e

andd this becomes justifiable when o

M
.

usidered. However, for higher concentrations and
high procision appiioations, bwo onthogonal tracking may be reguired. The rotation of the
earth about Hs axis is the most noticesbls in solar radision collecions, while the impact of

S %

pther movements has very gradusl effecis which are mostly neglected i many applications

:

withowt ttrostucing much orror, This makes single axis tracking more accepiable, as it
oo e ¥

3T

P




vepresents 8 relatively high investment, and B sl Omds applicetion in speoinl areas ke

31

oy
st

esearch work and high precision wacking applicationa ]




CHAPTER FOUR

TESTS, RESULTS AND DISCUSSION

4.1 TESTING

.

The cousiruction was done in units; the fivst Invelves the design and acguisition of the
cirewit diagran. To esse the construction procedure and oshieshooting, the cironitry was

5oz

f?‘\.‘

menied indo fonctional blocks, The clrouit was first tented on breadboard but doe 1o the
complexity of realizing the circolt, the work was foily shified 1o g Vero board, After series of

misiskes and sories of adjostment on the ciroudt, the fnal clroull was realized.

[ 3]

The Vero board was first sorapped with 2 mazor blade for oporation o enconrags smonth
and weat soldering of the compongnt on the board, This was followed by the final
construction. U complation of the construciion,  thorough fest and sssessment of the
component connection were sarried oul,
The following steps were followed;

# o Coamtiaaity and connestivily test were taken using s moltimeter while the chroult

was not powered and the various pins layouts well mounted on board.

¥
e -(

The construction was tested modole by modale.

.

¥ The programmed wmicrocontrolier was not verifiod with the ciroait gt the stage of
testing oniit the final testing.
A test was carried out D epsure that both the orystal and the veset Cironlt of the

microcomrolier are working, The 89051 s nsertod in the chirenit, and the ALE

£




malse 16 checked with an oscilloscope 1o verify the ALE Gouusnry i3 18 of the
fregqueney. This gave the desired reault,

& Thy wotor controller ciroult was fested next 1o ensure that 3 could rotute in the
clockwise | anti clockwise as well a3 stop positions with minimal noise by

replicating thy sction of the microcontroller. Afler the whole syster uniis

{Elecyrival and mechanical) had been coupled, the son tracker was then wated.

& The tires test was done and all thoe subvowines were in working mode.
& The sofiware testing was done to confiom the operation of the main program and

the delay subrouting of the proper sequense of lighting at the Dmersection under

indicator st was first carried out o confirm the clrenitry. Nexd, an ATMEL

Pa NPk &

ATESUSE was used to write 3 szimple programme, The programme

3 W Y 55 kS
debugoed for errors mwd corrected, Howas successinl

The tools and materials s well as nstruments oeed during the tosting and the

A%

..»

comstroetion of the project are briefly disonssed below:

1, The breadboard: This is o wemporary board fiw clreut tosting with iy sockets that allows
for clectronic components {Le. resistors, capacitors, 108 e1.e) to be plugged in gastly withowt
damaging the component, The breadboard was used fi pro- construction festing of cirooi

and sub- cirouits befiwe the components weore solderad on Vero boord,

7. Drgiial Muliimeter: This device (nstriunent) was gsed fiy the Measurement of eloctrd

"

guantities such as resistance, voltage and current. §tis 2lso used 1o tost the cirou! sections fioy

contineiTy.

o

Era
]




3 The Vers boardl This is u perforsied woard on which clectro s cpponents fa e
tnsorted and sotderzd permansitl W owas wsed ot pormane ont ponstruction of he projet

prototype from fhy clronit dlagram.
4. Wires and Connestors: Wiren were used during the tesiing si8ge of the project ob the

bhreadbomrd 1o connect the coMpPOIEHS soether as well a8 the ditfern ni sub- units of the

#=

o

cireait they were a150 ¥ ysed during the soidering o components BB shie Yero board, Copper

QAT Was USed.

5 Wips cutters [ Strippers: These tools wers used 10 ot wdires 1o the desired 3 size hefor

as well as 10 S off meulntion wite 0 piher o gxpose the conductor for proper antd peat
sobdering.

6. %pldering fron This (o g low power healing clersent typically in Tange of whont 40 Wans.

<

09

s provides the heat neods -t 1o mell the tead, w0 that it can he used for the conneciion of the

corapinents perin nanently on the Yero hoard. Tt 18 usually COTMND ted 10 the AL 1Bains.

Py

7 Soidering Lead: Thiz is o metal {load) wire, low melting. I 1 ueed 1o pleciriogily CORNEEY

gl o

components and wires i fized position o the Were board.

o




RESULTS

Table 4.1 Experimental reault

TIME OF THE DAY COLLECTORS DUBATION OF
ORIEMTATION CURRENT PULSE
{in degrees) SENT TO MOTOR
{in seeonds}
o Vertieally facing the onst- ward . 6
HAM direction
e e e ;
AN
;T i 2
gand
""""" [ e O -
£2 MIDDAY
'''''''''''''''''''''''''''' 135 oast and 45 west, T & T
3E0
o o 165 east and 75 west, | o
SPRA
6P Back o the home postiion and v
fracking stops unt] &AM :




4.3 DISCUSKION OF RESULTS

g oeobiocior

facinge

the oast, al the

\
ap bsveond

TIOR3

i oned @ }isw'c;:.f‘ the oo

iowith the sun’s angle of molnation, 1 the sy iy
aocurul the iy

reinrns 1 the home position, the soflvoare tho

& froun the aet Gme, The colle

sutomatioally retums the collector 1o the bome posit

e R AR T
A YR

with a very pr

4.4 PROBLEMS EN

Giasivercd uy 1he prog
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w0, subroniines were ad

ach was made on the program by o




CHAPTER FIVE

5.1 CONCLUSION

The protect was carried out and tesied o conform o the design analysis of the
civenitry and the prograrn indicating s successfid project. From the testing and results
shazingd, it can be seen thay the racker satisfactority tracks the sun during the presel periods,
resets sfter, and “hibernates” during night thne and resumes al 3 presor porind.

The wacker is an option when 2 higher cell output is reguired, rather than investing in

the increase of mowe colls, which is by far wore expensive.

%2 BECOMMENDATION

in the design and constroction of a microcontroller based sun tracker, the system

satisfactorily tracked the sun. However due ip seasowal chenges the system could be

expanded to acconvuodate both elevation and lateral tracking

o

The systorn coulid also be modified to source is own power divectly from the sun or

~

»

from the one generated by the solar panel that could be mowmded on top of the collector. Then

it wonld be completely soif - driven.
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