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y The mmn JIm of thi" project 15 to apply rnk:rocomrdler to control 11 sun 

ohtain maximum radiation !-rom the sun, 

complex and highly flexibk process, {l microc(}ntrolkr wm:; 1ncorporatcd to 

fhe sun tracker is an automated system that l$ twchng the snn at a constant angular 

vclocity,w"hkh approximately fiJlhwing the sun's patlL 

The drive method is it:.'; ~:;impk: as a gear {nntor tbu rotates at very ",10\,,/ aVI~mge r<tie of 

one revolution per day (Le, 15 degrees per hom) 

An clectronk controLler is embedded to coordinate system operation, with ureal. tilne 

dock that is used h) infer the "solar time" (hour ungk\ Tracking adjustment (an be nw,de 

incrementally or continuously, 

C"(:on1?~ O'~ 'rH" 'E. nnOJ'~~(~YI'~ ~~~ ~~ ~ .£ .£~. K! . .t ..-> _I~- n .l~~ .. A 

(:ontroLkd by tn(; /~trnel 8951 micrCKontroHer and its pl;;ripheral devices, to provide th{~ 



in thi~ project design, the sun tracker uSt:~s a H;al {(m.e clock to detennine lhf position 

reslsv.mt and higb!'y cff1;;:ienL This project de:.:;lgn did Dl)t w;e soiaI' illumination feedback 

Chapter one giv~;;:, a gent'fa! introduction of '-vhat the project is aU about its aims and 

The prev.lous\vork done with respert 10 thi:.; project IS dLcw,;sed as the literature 

Chapter thre~ cover:.:; th~;; various steps taken in {he dedgn and impll;;rnentatkm of.' the 

Th~;; tests carried om, result obtained and discussion of such results coaw nnd,s 

chapter h.>UL 

Thf conclusion and rccoHHnendalion constitutes ;:hapi<.:::r nw. 



2.1 H1STORICAL BAC.KC·RJJUNH 

The t:arlicst bWSNrl record orthe direct conversion of ,,;o!ar radiation into mechanica1 

~dnHchont hr.gan his solar work in 1860 Hiler expressing grav,~~ (:(rncems about his country\; 

dependencr. on coaL By the Y0lkpNIng year he>N<lS gnmted the tirst patent for a HlOtor 

running on solar pO'vver and continued to hnpwv(: his design anti! about 199(L During. tb1::; 

pedod the Inventor laid t~)tmdatk.H1 for our modern UfHkrstanding of convemng ::;olar 

radiation into JlJechanica! stearn power. 

Mouchout initial experiment involv(~d a gbss- endosed iron cauldron: incz:.ming solar 

radiation pass through the glass COV~;;L and the tr!ippcd ray's transmitted heat to the \vatcL In 

\VjUam .Adams, OK deputy register thr the English Crown in Bombay. rndia built a 

larue rack of many srm111 mirrors and (j(jjusted each nne to refkct sunJighi. in a ~;pfcitlc 
!;) ,. 

direction, To track the ::>un's movem.ent. the entire me} Gould be rolld wound i} sernicin:uhrt 

" 
"i 



tnY~k, projecting the c{weentrated radintion onto a stationary bol1cL The rad:: could w;; 

attended by a laborer and had to be moved only three or :fiXlf times during th;;:: day, or more 

As the years wore on, ncwer methmb were designed j(!f coHecting power as \vdl as 

tracking the 5tH}, Tlv.::s;;induded~ Engineer Charles Tdher'smethod of collection v<'ithom ..... ~ ... 

reflection, By UW9 Tem~.35r had increased the efficiency of the r-ol!cctors hy enc!oslng the top 

without glm;s nnd insulating lhe bottom, Armmd UCO, US engineer john Ericsson invemt~d a 

novdm;:thod tbr collecting solar rays knr)';vH as pari'l.bolir- trougk A. parabolic trough is tnor'.': 

of the rd1ector. This {""'pe ofn.::neclor omxed many advantw:.:es over its circular counternarts: .).... ........ ... 

only track the sun in (! single direction thus e!hnirmJing the Her;d tbr cOlnpk::}.;, tracking 

machinery. The dO>Nnside was that the devke\·; gener(lled energy and en~den;;je~ v,..en:; Hot as 

high as with a diSh~ shaped rdb.Jot. The first comm.crt;lal 'Venture \\1<'13:> by Aubrey Eneas 

Ci.Hnpany (The snlurMotnr Co,) in 1900. Though tbe mw;;hine did not becfn.ne a hxtuyc a5 

Ent~as had hoped, {he inventor contributed a great deal of scientific and technical data about 

solar heat Cf,JllVerSl011 and initiated more than hIs share of public exposure. [2] 
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rnany tronts. 



In the 19505, the Phdips research laboratory in Eindhovl;;:n, Holland, tondu(:{ed a 

tmc:king system in )\.lelv Delhi using solar position data would look up or calculate the ::;un't~ 

accuracy, Hovvcvef, {his approach is alsn the most complex, and fhr a system at:; ::;mal! ~lS this: 

.1 l 1 '/ I I· '.. '. nf' I" 'l'·{"· ; '.1 (l(:VClnp !n 1p lOt .... an engme nperatmg at l1.nl .. ~ lui!'. P 

"TIlt:' past 25 yea.rs have ',vhnc:~sed the enwrgence of vDrlous methods of slAm- energy 

l\ shdov':" nKlhod thr automatk tracking., which is an autommic method thai uses 

'back- to" back' semi-cylinders to rrw.sk solar irradiation 'was described and pR~scnted for 

pu.blication at the Sobr World Congress .1987 inH:amburg hy So de Shinni }\[madu Rumab, 

[6} 

on the (:quatorIa! traddng axis to track the sun frorn e~l~;t to rvest Jaily during sun hour 

p~;;riods in October 2006, by Jabir GadxL A .. n open loop contrn! mode >,'ms adopted using logic 

!n April 2008, Audi lbmhim realized j\tricroprocessor-bsed solar tmckeLThi.';' syskni 

'Nhich b lime based is to be controlkd by the l:NTEL8085 J\.1kropro(:essor and it peripheral 

7 
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3~1 T!IEflRETlCAl; IlACKGU{)UNU 

The cin:uit design of:.~ micro~;;nntrolkr based sun tracker is carried Gut in module as 

9 



3.1.1 P()\VER StJPP.L Y lJNrr 

batteries are -recharged or replaced constantly, The mOH~ re;.)/lily aV<lilahk %}un;:e of poyvcr 1S 

the 50Hz, 240v ac outlet. Where a de voliJl.g<.~ is required, a de po\ver supply circuit maybl':; 

employed 10 convert the ae ,,:oltage m a de vdt:lge, A voltage n:gulation rnay he incorpGr<li};xl 

changing: input currenL A typical arrangement f()r de pov,/er ;,upply Is ::JlOwn beknv; 

~"_""-__ -r" __ """''''''~'_.-r-o"''''~''''''''''''''_~_-rrrr'''''''~~"",,~~~~ •••••••••••••• ............ 

:: 

! 
Rn«: ll,. f.;::; ({ I :~~~· ..... (( .. (t~ .. 3 ... .: { Regulator 
f;\! [)G .. J ~ v'; 

The pn.K:es:~br thl~ conversion of /\,C supply to i),C IS tenncd "redifitation'" v,.:hidl 

L Stepndo',>·m 1ransfonnc!', 

Rectifier, 

}, 

4. 



3.1 •. L! STEP-DO\VN TRANSFflRIVIER 

240-;; U,t hi ::;terrt~d dOV{H to 12v [LC whkhh then rectified and rei~u!ated t(l 5v d,c 
....• .... ~ ..... 

Transformer OutpU1: low vol1agB AC 

3.1.1.2 RECTIFlEH. 

pulsating de vo!t:lge. 

full \vavt bridge rectifier circuit is most fn::qucntly used for (~kdronk de power SlJ-Pl,Jly. 

It r.equiH;:~ t;:;Uf dindt:s t() convert ac into pulsating de by elirninating the negative halJ~c.:!ck 

the 1LC supply, diodes D j and D" conduets,while the othe.r two diodes (rh and ( 4) conducts 

11 



FltTEU 

of a battery, bilt it considerahly n;duces the ripple tr> c(.Tlain extent. i\ capacitor h; used to 

achieve the filtering as shown bdow: 

.. ~ ............. ~ .. 

"--'llS* 

i -:-

Figure:;.5 FuO-Wave Br-ldge Hectif!er 

3.1, 1.4 VOl.;TAGEH.EGlJLATION 

In order to keep the termirml vohag;: of the D,C supply ConslJ.mL a voltage regubtnr 



3.1.2 1\'J.IC.R{)C(lNTRtll .. LKR 

«(>kmguag(L It consists of the me!l1ory, the input device and the output dGvke. For this 

The rnkrocontroHer is a sem.}(ondm:tcr di:.vise cnnsi;:;1ing of ekctnmic !ogle rirnl1b 



It lS abo a progrmmnable logic device d;:;signed "",3th regbters, Hip-flops and titning 

a clock drcuit 

----------------~ 

}4 



3.1,2.1 DESCRIPTION OF ATI\lEL AT89C51 

Thc AT89CSl 1S a lovi"power, high-performance CMOS 8-hit m.lcrocornpukr v.:1th 4 

,;vith the lndustf)' Aandardr>ACS~51 instrw.::tinn set and pin out The on-chip nash anr),Ns the 

prngmmrner. 

By combining a versatile 8-b~i CPU vvith Flash on a rnonohthk: chip, the Atmd 

soluUon to rnany e.mbeddeJ nmtwl app!kations. 

ti)e CPU v·kdk aHmving the RAtv1, timer/counkrs, serial port and interrupt ~~ystcrn to 

osc1l1ator disabling ail ether chip functions until the next hard'Nnw \'<:'5d .. 

3.1.2.2 PIN IJESCRfPTION 

T11(: Vee ~s Supply vohage pin, while the G/\D is the Ground. 

sink eight TTL inputs. Wh(~n 1s w:e written to port U pins, th; pLns car; be used as high-

15 



Port 0 also rec~.+,<,es the code bytes during Flash programmIng, f.md ontpuis the code 

verifkaLion. 

Fig 3.9:. Fon n Conflguf8Jhn 

111gb by th~;; intemal pHH~ups and (:<'111 be used as input:3. As inputs, Port 1 pins that are 

verii1calirm, 

16 



~-----~~-~~-----
~~:2.6 r-~,n !).?=~.~ .. ~~, ~_~~'_" ~j 

Fig :L 10: Pori 1 Configuration 

" . "" . k' (' 'I'TI' n'" 1 . Y-')" L output bu1I::;rs can SH1'!soun:~c :-GUr'J'L mpub. 'linen ,s ;;m: wrItten to Port k. pms tn.:}, me 

I' " , '1 I' , .. ( app icatwnlt uses strong. mtern<'L pUH.!pSWnen erO!!.hng 1 S. 

POri 2 cmh; thi: contents of ihe P2 Spe--,,;ial Fundkrn R<-~gh:;ter. Port 2 abo receives the high· 

order ad,dress hits and some control signals during Flash pr{;gramming and veriDcation. 

Fig 3.11: POil, 2 Configunuio:l 

17 



bullets um sink.isoUfce h.mr TTL inputs. When J S arc <;Vr1UCrl to Port :3 pins they are pulled 

high by the 1nknia! pull-ups and can be u:';ed as inptHs. As inputs, Port 3 pins thai. are 

Por:. 3 aI5~) serves the h.mdions of various spedal features of the Al"89C5 L P3J} 

P3.6 WR. (ex!.\:,;rnal data menWfY 'Yvrite strobe). P3.7 RD (external dam ll)}zrnory nzad strnbe). 

The RST pin is, a Reset input. A high on this pin br hvo l"D(lchine cyck:::; whik the 

Fig 3.12: Port 3 Configuration 

ThbVn is also the program pube inpm (FROG) during Flash progwrnrning. In 

be tlsd for extema! tirning or clocking purposes. Now, !1ov,'cveL, that oncALE pube is 



Skipped during f~ch access to external fJataMemory. The l'SFN. whicb m,,,",., Program 

Store babic, is the read strobe to extrmal OfOc"am memory, Wben the A T89C5 ) b 
~ - a 

For the E'A/VPP (Ex"'",al Au,,,,,, Enable), EA mu,t be strapped to GND in order tn enabie 

the device 10 fetch code from external program memory locations '!arting at OOOOH up t" 

reseL EA should be strapped", vee for internal program execut;o"". Tllis pin also receives 

!be 12-v{)/t progIo&mming e"abie voltage (VPPJ during Fbsh pmgramrning, lb, PM, !baJ 

3,1.2.3 ()C:("'"fL-S- &l"(->OR- e u 4 n A(~Tl;'n-¥~'l'-r(~S ,;) ,- '-Li·'S,. f - - -;ju.t-:t.t'l..t'?O ,'_. r;d'-h~ _ l ,"_ 

All dioitai C<.>mou"" 'yst<ms are driven bv some lonn of osdllator circoit: the 805! is .. ", .~ ~ "... 

by lhe oscillator tIc'quency. One popular measure of spedlYiog performance ill" qoandtative 

D)'-'l'lfl",-r;c' t-

l

,,, .'<>"YI~V'r ,.!,{' 'YI''''!11'"" !'l'<.:tr" "'t-;"n<' ,1'1:'-1 ','P;;;? ~V' ""';-'>'-'''1(:0 1'1",' "iV' 'wcnnd Hsu,:llv ,,-,,, - 'n ' •. , ol_(~, ''', ,,- ,/>" <- -! ,-, ",,-,, ,'_,,., , (., (.<-, "" " ',1", ___ "'_) l.., ~"'-"'" __ . ~ __ ~ ,_ ~ "_, ' " " 

1\'i)uired to execute a machine instfllctiOfJ. The oridna] 80Sl hed a nH1Ximufll osdllator 'I v 

frequency of 12MHz and <nerej"w a perlk performance of 1 All]>. More modem (standard) 

8051 rievic,,, allow the lise of clock speed well beyond the 12 MHz limit of the original 

19 



XTALl and XTAL2 are thi::: inpm and out.mlt resrwctlveIy, of an inveninQ. amptifli.;;r 
A ...... ..... • 

quartz cryswJ or ceramic resonator may be used, Tn dnvt: the d~~vice ftim1 an ~;xternal clock 

maximum voltage high and 10\,-; time spec; Ocations must he observt:d, [101 

(;1 

Fig 3,13 (a): Cry:4al Osdlhtor Circuit 



Qs(:~~t" 
t:~;e,,:~ 

P2 p~ ?~ ~1 ~2 P! Pl ~i F2 r~ y2 ri ?-J: 

uUlrJLfLJUlJLfLftflJ1J 
I ~h~::: I S:r:~ ( ~ S~~~ ~ ! S!;{:d j ;;li:\~'i 'j ;;:<:~ i; ! 
J 1 ~ 1 :. 
i i , : 

~..sn .................. -....-.. _~~,~~ .. ~)~ Y~:~:r1 C{o::~ ................ · ....................... ,-~· ...... ·····~ 

(b):AT89CS! Tlu,ing Diagram 

3.1.3 OPTICAl .. IS()LAT()H.S (lVIOC 3023) 

Optical isolators arc dC~;1gned to de,::tricaUy isobw one circuit from an<)lber 

'Nhib;; nHrPA'ing one circuit to (:ontro! the other Ttl,;; usual purpose of isobtkm is (0 

pr~wkk protection frenn high voltage transients. surgcvohages and low level 

ekctrical. 1)0\9: that could possihly result in an ern.we~)Us output or d.amap:. to tbe 

dH1"i:rent grounds etc. 

An Optkal isolator ,-~onshLs of a tight source ~uch as LED and a photoDetecwr 

It Cirn be used in applications where a jow~ kv~J input voHag.e is n:quired to 

latch (; high voltage feby LYe actiYHting some kind of ekdro··rnednnical devin=:. r Ii :I 

21 



3JA 

3.1.5 

HIOhWS, the rot(lf dm:~; nnl n:cdvG ckClt'lC t.}m'-,:cr bs Cf,!KhK.I'\fwl btl\. h\' hdudinn in .' . 

.. ;"."..::., 



2.2.0\/ 
50HZ! 'j5V\~ : •... 

"15VAC 
TO MOTOn 
!JR1VER~ 

.&. "p ~.t..(. 

..4..03 

" :: ... 
...... ;."'-." . 



q :.::.:: tV ~. it 

ICES than this), 

3.2.2 



high perfbrrnance 40-pin DE), 8 hit ruirnJ(:ontro1kf \vifh 4. kIlob)'!.!;;;; of in··system 

rep{ogmrnnl~1bk fh.u:;ll nwrrmry, 128 bytes of SIZ!\M and 32 pmgramrnab1e :UO Enes, Th~ 

v·/as ir;Jerna.lly divided dov.;n by 12~ the effective system operating frequency is nvu·!}; 

1'" j! ;J' f' n . {' . ne systern ;;ontro,er was prOgTarmne<J to exccut~ tiN _OlJ.ov.;mg -!.uncHon~:;:v 

2. Provide autoD1i'ltic colkdor plale adjuStlnent on ::111 hnurlY basis. 

The controller execnwd the system_ comrol soft'vv:.-n·e th0.1 'was Inozblariz::d tn 

25 



~:~ Cornpui.atinn of the step Count needed to position th~~ collector pl&h\ 

~ .. crierned) !xisltioning, 

output Oflhe diff;;;rent routines rnaking up the control sofb .. ~'are. 

I\l()TOR C{JNTR()L:tER 

colket'>r. The moto, was power switched by a BTl39 power triac galed ONiOFF by an 

\:10C3023 opto ... n1&c as Shoivn bcloh', 

, ... ... : ... ~. 

nT' 139\/.' 
J.} 1 t .. __ "'_~'" 

220fJ 

..,g· .... ~w 

...... _.'f 

MOC302J 

Fig. 3,16 Triac A<.: \-1oto1' Driver 

Y ia an !VI OC3 02.J OP'''''''lJ pic, acti .. aced by P 3.7 of the system ennlxn Ii er. P". 7 was direct! y 

26 



to move the motor through, say, 61F, the motor wa.s run for 4 s","onds and turoed off. 

Though Hi} position detee"o" meehan,"" w", "sed to make sure that the "",tor was 

positioned as designed, te,~S run on the system confIrmed that the software control rontine 

v.;orked v·:eIL 

For visual int<T<\etivity with the user a d;,pilly was incorporated in the design work. The 

display provided a visual prescn",'ion of the system time to the ,"'le' and also enable, 

A com
mon

- anode arrangement was used since it alloWS <ourrent to be sunk through the 
presetting, 

LEOs by the microcon'rolier. The dig'ts were multiplexed to reduce wiring mmpiexity. Tbe 

digits were individllUl\y driven by a PNP ande driver "' shown below: 

d 

f 
g 
h 

...... - .. --_ .... --'-

/\'lOi5GR 
:VHf 

'fR;\J<~SiSTOR 

27 



19··:·:·: 
G.31.. 
");)~(y , .. ~~ 

system default time of 6AM. Everyone hour the mntor is rim tor "ne second t.o step;t through 

1 hour::: \ 5 8 

;8 
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\Vhcn the cdkr.;tor is not horned" the light ernht0J by tlw LED fans directiy 

input The cnrnpanuur output is thus hjgh~ 

When bes.m dbcontinulry occurs dne the plaslic comhg bdv.:cen the LED and 

It should be noted that when it is! 800 hOHr ( Hut is 6FfvD, the systern retl!rns the 

traGking~ 

:n 



l'eyolution around the sun, the earth's daily rowtion about its t)wn axis, and tilt of rh:n aXJ:'> 

'Nith rcspec! to the piant of Ihe earth's orbit.. The dj~'linCt H1otkm:.; pr.edictably yield 

inwresting hie! regarding t.his is that the (:ftrth is farrhe:.:;t from the :,;un du6ng the t.:;umrner 

earth's orbit causes Htth5 variance in the arnmmt ofradbtion to 'whidl 11. is expo:.:;ed, 

S0!11C 2%, thu;,; aHowhlg the cr.m.sideratinn of the nrl..,it as circular wii.hon! intfoducingvariouf; 

day and lat3iudc ofthe point ofrckrcncc. f12l 



3.4 SOLAR P()SIT1()N 

4>·~ Latitude 
B··· TlltAngk 

On.c ::;~h)uld notbcco,ne oyerly concerned abouL the '"h~rrha?;.mj" fadors involved ill 

by tbe motions of our planet, including trw earth"s annual revolution around the sun, the 

cfl.rth's daily rotation about its axis, and tilt of that axis >t'iith respect to the planet of tbe 

earth's orbit-These d1::<tinctmotirms predictably yld.d ch::~mctcr;stit: effect (Regjm\ 19(8). 

In ~·md of itsdt~ the yearly orhit of the ~;ttrth cause Httle Y~~rian(;e in tnt:: amount fif solar 

radiation 10 which it is cXDos<.xL The extreme annual chan!'!es. in the earth's mdiu::; of ellbtical 
} '...... ~. 

error. An interesting fa/:,t regarding thb is that the earth is farthest from the ~;un du6ng lhe 

swnmer rnowhs in th~;; nonhern hemi~"phere (9530 million miles) and dost:st during th;;: 

wint~.:5r season (89X; m.mionmi!es\ (\ schematic diagram of this is shO';Vl1 in Hg. Earth's 
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3A In~FINITION ().F ANGLES (IF S()I"AR R.A.OIA THJN 

Phme orthe equator. . -

)> flour /mgk (w): Is the i!nguhr dbptaccrne:nt of th<.: mm east or wc:~t of the local 
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3.5 OI'TIMUM ORIENTATION OF A FLAT COLLECTOR 

For ,n" sake of obtllining maximum radialion at solar noon for a given day, Ult 11a! 

wlled"r should be set in surb a way that the angle of incidem,e is Z<~O th.t is the beam 

d
" f' h 'd .~. 1. ,"! j" " ' ,'" "l - ~ '" ,.tIOU. rom tno sun SOU, ,'" ort."'gnna, to tHe co !octHlg sudare as snov'" li1 hg ,--,.1 

/\ :;: Solar Altitude 

0'""90A and 

L ::::: l.ocd latitude 

The decHn:1tlon is given by: 

N ::::: the day ofthe yeaL 
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A generally acceptable onen1at\on for nU! coHc(;tor:; is dwt, the colkctor:"3 should 

always point towards the direction of the sobr beam (that is G::: 0), The optimum direction 

n~(.,:.:;t purposes is facing the equator (c,g. due south in the nmtheI11 hernisphere) \'vith ~ slope 

3.7 SOLAR TRACl(lN(; 

Siner' the various n1o\-\~rncnts of the earth make r<ldbt!on pattern to vary with the time 

<:oHed.ors m.usf Ix: ensured to al\vays obtain rmrximurn iHmnlnatkHl from lhe:-;un. ttl some 

m,uiniW11 cm:.rgy conV(~rsion, in the app1i<:atlon ofphot,.Jvoltak ;;.x~Hs, snbr tracking enhal1ct":s 

the <:oHector nxeives maxin-rum radiation at all time. 

SING.LE ".\..ND I)tTAlJ AXIS TRACKIN(~ 

Ugh precision 3.p.pJicatirms, two orthogonal tracking JHay he n::quired. The wwtIon of the 

v-,>ithouJ in!rnducing rnuch error. This rnakes sing,!;;: ax)::; tracking rnOfC accepwbk, as it 



rt:pn::scnts a rdatively high investment, and it stiH finds QPplkalion in special arens Eke 

Fig, 3.24: Complete SY51ern CircnitDbgram 



TEs'rs, RES{Tl./fSA_ND DIS(;lTSSl()N 

1~-17- CiT "f"!\'}(_" 
.I.;;k~ ___ H'I1 ~ 

The constrL!ctkm was done in units; the ttfst IHvol'lcs the design and acquisitIon of the 

sewnenkd into functional block-=;, The circuit was flfst tcAed on breadboard but due to the 

cornnl.cxltv of rcalizill!!, the cin.::ult, the vvork was fullv shifted to a Vero board, A ner &~rle:~ of .i. ~-' ...,., . ..,. -. . . - . 

rniswkes ilnd series of adjustment on the circuit, tlw Dnal circuit was realized. 

and neat scddering of tbe wmpofH:~nt on the board,Tb;> wasfuHcl\veJ hy the final 

constrw:tloll, On comph::tlon of the construction, a thorough test and as::;cssment of the 

component connection were rard};:;d om. 

);.- The con5trw:Uon \vas tested module by modulj;:. 

> Thcprogw,mrnedm1crocontroHer \vas not verified "vith the circuit at the slage of 

testing until the final ksting. 

).;-- /, test was tarried out to ensure that both the crystal and the resft circait of th:;; 

mic:rocomTolkr are working, The 89C51h lnserted 1n the circuit, and the ALE 
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>- 'fhi;; motor controller circuit ',vas tested nc:xt to ~nsurc that it could rotate 1n the 

'> The tim.t tcst wa;" done and all thnr subrou!ines V';'ere in'Norking modt>. . 

• ~ The sottware~;;$tingW{lS done to contlrm the npcralicm of the main program and 

:\189C5! was used to write il sirnple progrl:unme, The prognnnnw:.w8Y; 

damaging the component, The hreadboard was ust'd hI' p1'e- c·onstrw:rloIl testing of dH~uh 

and sub~ circuits !X:fUfC th'::' con1pmlCnts w~re sOldered on Vcro hoard, 

cnntinuiry, 
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inserted and soldered perm:ment1y, 11 was m,ed tor pennanent "nnstruction of the pmjed 

prototype from the circuit diagr<1\11. 

breadbnaro to connect the toomponents ",gc~h'~ as well"" the dilTerem sub· units of the 

drcu1t; they \vere also used during the soidering of components on the Vero br)ard. Copper 

a, well as \0 strip off Insulation wire in other to expose the conduelor lor pr<lper and neat 

soldering. 

It provide, the heat needed to melt the lead, so thet it can be used for the connection of the 

(ornponents pennancntly on the Vero board, It Is usually ;;orm.eded to the A.C mains. 

7, SOldering Lead: This is a metal (lead) wire, 10',8 melting. It is -n.sed to dectrically conn~~;;t 

CGmponent5 and wires in Hxed position on the Ve10 boa,rd. 
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The project v¥a~~ carried out and tesied to conf<.wm to the design analysis of the 

circuitry and th(~ program indicating a successfd project- Fro,H the testing. and results 

T11<;~ tracker ).:.:; an option when a higher cdl output is n:qtlircd, rather than investing in 

, ' ,- 'I l ' t ~ L ., , tne mcrease OJ more C~'J s, WHC!l. is uyhlr more ~.:5x.pens1Ve, 

In the design and construction of a mkroconimlbr based sun tracker,. the sy:.:;tern 

The system could abo be rnodilkd to ::KlUrce its o,vn pov"w directly {rom the sun or 

irom the one generat(~d by the solar pam) that could be rnounted on top of th;.: CU!kctOL Then 
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INCLUD:E Wk51 ,me 

~;taGk EQ \.J SO 
.*** •• ********.***********. 
) 

cOBtrol __ port EQU p2 
d2,t;;l .. ro1t EQU pO 
digit! .. dx BrT p:~J~ 
dig·it2 .. dx mT pL j 
digit3 ... dx BIT p2.? 
Jiglt4~dx BIT p23 
.• **** •••• ********** •• ***** , 
digitI DA1'/\ 8 
digh2 D:\1:\ 9 
digh3 DATA 10 
digii4Dt'>TA 11 
.***ttt*~********~**.tt.*t* 

count 1 DATi~ 12 
eouni2 DATA 13 
counn DATA 14 
countA DATA. IS 

'UPPNI" TX'r ;\.r .IL 1 : .Ill . 

,t************************** , 
.*****t***************.t •• ~~ , 
interval DAT/'\ 16 
hour DATA 17 
mimHeS DAT /\ 18 

t(WP 1 DATA 20 
ternp2 r)i\.·1~· .. ~~ 21 
rn(:1sk [)/\.'-;"'/\ 22 
dx etc! DAT:\ 23 
temp2 DATi\ 24 
countW DATA 25 
count 2, DATA 26 
count b DATi\ 27 
.*.**** •• ***********.*.***** •• , 

nm rootor B:!T (lOh 
:otep ow;;eBlT {Jih 
:4ep .. )hg BIT 02h 
hom'-'. .. Flag BlT 03h 
.*tt •• ************************* 

horne in 11rr ·p3.2 



hour K'<,' nrrp3..5 
rn.inutc ... key· ~1rr p3.6 
hO,H<;;_,dx 13fT p2,5 
(ri.a(: __ ~dx BtT p:L7 
.***************************** , 

dXJ;on EQU p2 
.******************************** , 

skp.,,3tl.i: EQU 1 
.*******.********.************** , 

org nOOOh 
AJ\'{P 3t(irt~ up 

org 000311 
RET! 

org OOZfbh 
ld\-1? tfO lSf: 

org 0013b 
RETl 

Ofg 001 bh 
./\J~·{tP 1.1'1 1 sr 

(}tg 0023h 
RET! 

.********.**.*.* •• *.************ , 
Ofg 0030h 
::;t,ni .. ?p: eLl<. e;;} 

IviC)\! Si_)~#st8.(k 
;\C/\LL sys~lnit 

. * **>!~>;o;ok*=** * ** B ~~***~.:::~:~ *** ** * * ~~:~!?-: , 
rnml1: 

ca.!l st.{~i} ... .l11ot{;r 

/\.(:'i\t.L" sc.an. __ .kt:y 
SJ\W roain 

.*****.******************************* •• *** , 

.**********.*.** •• **********.********.***** 
" 

!~.il() \/ njiTn11es:,#O 
:Jv1() \/ int~:;r'·/::~l/* 15:. ch~.rnge lat(:r 



\10V nl<bh.,# 1(111! ! ! b 
~.;lO\' :.>ccon+:,#6U 
1\,10",/ coum3,#200 
1'>AOV cnunt·Lfi2G 
MO\/ trnod522h 
\ .. 1()\/ dlO~I*f6 

tv1()V tW,#6 
MOV thl,f.i6 
MOV U!,#6 
S'E~rlJ trO 
(:'L,R~ ::-~tep ~ once 
eLR stq; ... tl::,g 
CLIZ IKHY,e .. .thg 
?\.'f()\/ 'if~,# i 000 1 G 1 Ob 
AC/'" tL home rnmOf 
RET 

.***** ••••• **** •••• ****************** , 

.~*********************************** 
" stan key:. .Jb hon';_~;; ~f1ag~ sc~rn.3 ~ do not scan. kc"y i.f e]t:hfr operation 1n progres~~!!! 

jb ste.p ... /lag.~ sC2:n3 

JNB hrrUY.J';<i, :~c:ln .. a 
!\C/d .. L pOS . ..rnOlof 

scan): JE minute ~kcy, scan3 

sCI.m3; RET 
.• **** •• ***** ••• ************************* , 

SETB hcrme..fhlg 
CLK swp.Jh:g 
can start motor 

horm::...1onp: can ~~how tinE: 
JB hnme OX" I\orn(', Joor 

eXlt h01r,i;;: eLR home nag 
c.al ~ ~;top ___ n10wr 

~.:.:all lonf!. __ delay 
RET 



.* •• *** •••• ** ••• *.************~**.*****.** , 

chkl: 

~:;k;p:::; 

back2: 

chU: 

/\ (~j\tJ:., horn0 rn~Jt{)r 

I\f1{) \/ !\ ~ hour 
(:JNI~~ i\.~#06h~ chk.1 
RET 

.Ji'-J(~ skiI-)2 
RET 

c,n---u::: j\)fHL ehU 
HCr 

.INC Ifack2 
~AOV ::\ .. hour 
CLRC 
SUBB A ,#061; 
;"v1(}\} I~~#~~te:p ... sj/,(:, 

MULab 
1\;10\' R7, ,\ 
f\(~./\'L.L. nc\v j3GS 

RET 

I)tJSf-1 :pS\~V 
PUSH ac( 
DJNZ :::ount:\ exit l:,f 

~'y'l()\'/ cottnt.3 :-#2{}O 
DJNZ count4, cx;t)sr 
1'.,10V <xmnt4" H20 
i'ACIV ,A, l'liO.:+ 

CPL ,1('(;,/ 
\10V roasL 1\ 

DJNl s<;,'on<j", ;';>;1:: l~:r 

h,1()\/ seconds~#6G 
!\ C/>, LL (;.dj u,-;t.Jirne 
DJN? inkrv,lLcxit is; 
;\.J()\,T interv31~·# 15 
p.;fOVinterval,# } 
SE~'Trf3 $te·p~ .. on(~e 

POP ace 
POP V<v\ 
f{J~"r1 

_~****,*****~.**************~~t*.*~**********. , 



shc;;\v3: 
hi0\' R6,#100 

ACALL \·vr)te seret!.! 
i)J>~J.Z IZ6~ ST10\~;,3 

RET 
.• ********* •• **.*******************~** •• *8*****~* , 
,**.********************************************* '. 

DB 
II O(H)OOOb, 1111100 i b,lO 1 nOI (:lOb,! {] i i 00001;, 1 OOIl nO} b.I OOlon 1 Ob.l GOOGOl Ob, 11111 
(lOOb, 1 OOOOUJot-:\ 1 UU 1 OOOOb 

" 1 CD.l{ _a: 

bacL:~):. 

b;.ck2h: 

JNS swp ... onc(?, exi.t .. ~.'tep .. lnutnr 
CLR steL. once 
i\iOV :-\,. hour 
CJNF /\.:.#0611, chk j <~ 
RET 

.iNC skip2(1 
EET 

CJ\lE j\,# 18, chk3::, 
A.CALL home l.1'l.ntur 

RET 

JNC back2b 
~ .. /1{}'\I 1~~7):i~~~t~; .. p_ ... sil(: :,< nurob~.r ofI-n.ds~:~s to sreI-) in ~.rn hour 
/\C:j\L:L nz~v,,,' pus 
RET 

.***.**,*****************.~********.****************** , , 

seth slep..,ihg 
elr home . ..f!ag 
can stan 1not.o1' 
Gall stw:t moti.n· t1fn',~r 

RET 
.**************.**.***************.**t.****.******~* , 
.**tt************.~***********************·~******** , 

1' .. /10 V t1 [ ,#06h 
Me}\' u)unt . ..'--1:.#150 
\/lOV count.b,#J6 
CLRtf! 
SETH tri 



RET 
.• *"*.*.**~****'***.**.******************.* , . 
. *******'**.******.***.********~~** •• ******* ,. 

ST/\1<-.T \10TOR: 

CLFlr"i 
CLRtf! 
\'lC}'V' t1 ! ,#(~6h 
rZC:T 

eLR TRiAC' DX 
RET 

.• ******.********************.*.************ , 
STOP MOTOR: SETH TRIA.C ex 

RET 

nd,Just ... tln1C: }\10\/ A, mimnt·s 
rJ\(~ .g 

adjuA! 1. 

c.n";E /\'#60, adjust 1 0 
1\--10V minutc.c;,#O 
'tv-rO\/ /\, hour 
r>·;CA 
C:,n"':;E /\ ,#2.:1, adjU';;t11 
MOV houf,#Q 
H.ET 

RET 

1'>AUV hour,A 
RET 

.****************************.************".*. ,. 

Writ0 s;;:rcen: ivl0V ROJ'f·digitl 
h10\' dx o.rLH1! 1 j 1 i lOb 

'" 

1",10\/ data.J",(}rt,'i!:RU 
\'10\1 dX.y<.)ft, dx .. ccl"i 
c.a11 dJy. __ ::d-.:.O\~V 
MOV rlx .. .rc:rt,#Cd1J-l 
P··JC RO 
TvHJV }\., d>': ... drl 
SerB C 
RI.,(: A 
·l\~i()\/ dx ctrl~ /\ 
c.n'·~E RO,f!.digit i +4, v.;rik ... iuup 
I<:ET 



d.1 ~.( .. ?h(;.\).,/: IvteJV RS,f!2.00 
DINZ R5,$ 
REf 

"0****.*t*~***.*******.***~****.*********~~** , 
P(JSH dpl 
PUSH dph 
PUS}{ Oth 
t'IOV DPTR,#seKJ:+~i;,:' 
MO\! ROfhoUt· 
tvlG\:' R l,#digit 1 

0Ao\r /\,(~TRn 
I.&., (.~/\JJ~L, gct. __ 7 :-:;eg 
h10V @Ri,A 
fNCR! 
tv1 C)'\/ (~!:~ I<' 1 ,l3 
fNC KG 
LNCIU 
(=JNr~. J~;.l ~#digit 1 ·~·r.;,:.sho~~:\/.1 
/\CALL. put ... dp 
POP Olh 
POP dpb 
POP zipl 
/\(~/\LJJ sh~)\/ .. / long 
~lc211 sho\v ... long 
::l-c:.lH sho\,~./ ... L,o.ng 
FET 

DfV;:lb 
PUSH ace 
Iv10V /\ . .B 
tv10VC A,(q>:;-i'dpt( 
'P ... {{)\! 13 .. j\ 
POP ace 
\10VC A,:;1;,,,.<-dptr 
RET 

.'*********0******'***'***'****~***'****'******** , 

.***.****~*******~**********.******************~* 

pU1~dp: '~~''i(} \! i\~ rHgit2 
/\}··JL /\,rnask 
P ... .f()\/ digit2~ ;\. 
'lvt()\r /\ .. dig'it3 
/\f··fL, ;\ .. rna.::~.k 



1'(El" 

.• ** •••• *** •• **.*.** •• * •• ***** •• ***.~******~** •• * , 
adjusU10ur: l'vVrV scconckt'6Cl 

MOv 1\,1:0:..;i' 
INC !\. 

adjust2: 

fvIOV hour-. A 
C~~rNl'~ j;'~#24~ ii{UU5t.~: 

MOV hum)mOb 

RET 

J}.J(~~ adj tlst3 
ACid .. I.. 8hm\ tHn~~ 
RET 

.***.*.*** •• ***.***.***.******.** •• *********~*.*** , 
adiuSi fOlnuJe:MOV sccondsA60 
'"'-

3.djustS: 

adjtlst4: 

r~/1()-~,/ .t\:- rn111utes 
INC /\. 
r\l1cr-;~/ roinlltes~ /~. 

c.n';;r: A)i60., adjusui. 
J'dOV fflinuksAOOh 
/\(:A.1,1. shenv Urn:;: 
RET 

JNC 8.dju~;t5 
A.CALL ,ho,;v tirnr 
RET 

.•• ,****** •••• ** •• ********.*******.********* , 
tf! be 

exit. In, 
...... ! • 

DJNZ coum.Ji., exlt.,tf1 
!v!OV (;(YLnn .... a/i25G 
DJNZ cCH.H1t ..• b,<;;>:;it tfl 
MOV cOlmt..b,# 16 
DJNZ .R7,c:<it to 
C~t! ~ stop~_.rncror 
; .. ..,1 1 "·'~t) l,·,,.,t,··), ;l'r'··;'·'.l' ...... (~ . . ' • ••• ~~~.: ............ } ... 't.<:"-~'.-..._" .. ',.. 

CLR hornt .. i1ag 
CLIZ :.:;tq.1~fb.g 
eLR tr1 
RET! 

"****'**'**.**'*************~******'*~*********'* , . 
. ******~*.***************t*****.**t******~*******t 
< 

kmg.J:k:by: 5\·jO\( n.2)10 
;\';50.1; tAOVR3,#O 



reset2: 1'.;'\0\1 R·:L:fiO 
U.H-{[ R4,$ 
DlNZ P.J, r<:.set2 
DTf<ZRL, rcs;~U 
RE'f 


