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2TnV olkoyEveLla Kail oTOUG PiAoug pou



Euxaptotisg

Me tnv mMepatwon tn¢ mapouvoag epyaciag, Ba nBeha va guxaplotiow Bepud TOUuG
eTPAENOVTEG TNG SUTAWUATIKAG €pyaciag K. ZTapoUAn lewpylo kot K. MAéooca QwTtlo yla tnv
EUMIOTOOUVN TOU eMESELEQV OTO MPOOWTIO LOU, TNV APLOTN CUVEPyaoia, TNV cuvexn kabodnynon,
TG 0fudepkelc OCUUPOUAEC KaL TTOPATNPAOELG KAl YEVIKOTEPO Ylol TNV eUPUXWON KoLl UTTOOTHPLEN
TOUG TtOU SLEUKOAUVAY TNV EKTTOVNON TNG TITUXLAKAG EpYACiag.

ISlaitepa Ba NBeAa va euxaploTAowW Tov TpoTtuxLlakd dottntr MNamnactapodnouvlo MewpyLo
yla tv aljoyn ocuvepyacia mou eixape otnv mapoloa SUTAWUATIKA Kot OXL povo. Onwg Kal ta
HEAN tng Centaurus Racing Team tou MNavemniotnuiov OscoaAiog otnv onoia anotéAeoca HEAOG Kol
HOG EUTILOTEUTNKOV WOTE N SUTAWMOTIKA UG €pyacia va givol KOUUATL Tou povoBeciou mou
Kataokevaoope. H agoyn ouvepyacio pou pall Toug Kal O KOWOC OTOXoG, odrynoe otnv
Snuloupyia evog MOAU €uXAPLOTOU OPOSIKOU KALLOTOC LE ATOTEAECUA N EKTIOVNON TNG TITUXLOKNAG
HOU £pyaoiag vor amoTEAECEL LEPOG AUTAG TNG GUAAOYLKAG SOUAELAG.

‘Eva peyaho euxaplotw odpeilw otoug avBpwroug ou Atav SUTAa pou o€ OAEG EKEIVEC TIG
SUOKOAEG OTIYMEC QUTA Ta Xpovia, Tou Ue BonBnoav va avraneéEAOw kal va cuveyxiow otav
XPELAOTNKE.

TéNoG odellw OTL Exw KATAPEPEL LEXPL ONUEPO OTNV OLKOYEVELQ LOU KOL TOUG EVXAPLOTW TIOAU yLa

TNV UTTOMOVI], QYATIN KOL EUTILOTOCUVN TIOU oU SEIXVOUV CUVEXWC.

Aatooylavvng Anunteng
BoAog, 2015
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1. Eilcaywyn

To meplexOpevo tE MapoloaG SUTAWUATIKNAG Epyaciag Kveltal yupw amod To povobEéaoto,
Tumou ¢o6puouAa, tng Centaurus Racing Team tou MNavemniotnuiov OeooaAiog Kal CUYKEKPLUEVO
EVOL NAEKTPOVIKO KOl NAEKTPIKO OUOTNUA, TIOU OTMOTEAEL KOMUATL TOu. H OuppeTOoX otnv
npoavadpepbeioa opada anotéAece TNV adopun yla TNV KATAOKEUT) TOU CUCTHOTOC UE TO Omoio
0 08nyo¢ aAAa Kl oL pnxavikotl Tou povoBeoiou Ba Ymopolv va evnUeEPWVOVTAL yLa TIG eVOEIEELQ
TWV ALoONTAPWV KoL TWV CNUAVTIKWY METABANTWY TOU OXHHOTOC.

To cuotnua avamtuxOnke yupw amod pikpoeheyktég PIC tng Microchip.lna tnv diemadn tou
o6nyou pe to povobéaio yivetal xprion piag 08ovng LCD kat pag aAdapOuntikng LED, kaBwg kat
Stadopwv aAwv dwtewvwy evdeiewv. Ztnv LCD 0806vn eudavilovial ol 0TpodEG TOU KvNTAPQ, N
Bepuokpacia Tou KaBwg Kal n taxUTNTA HE TNV omoia Kweltal To povoBéoio. Itnv LED 0Bdvn
eudaviletal n oxéon mou eival emAeYPEVN OTO KIBWTLO TayutATwy. Emiong, umapxel pia ypaupun
amno led yia tnv ot@Oun Tou KOUGCIHOU KOBWE Kot GAAN HLa yla TG oTPOodEC TOU KvnTrpa.

To olotnua QUTO €ival ouTooxESlo, Xelpomointo Kal OOKIUAOHEVO OTO HovoBEaio
“NESSUS” Kkal TQPOUGCLACTNKE EMITUXWG OTOV TAYKOOULWO OSlaywviopd Formula Student mou

ouppeteixe n Centaurus Racing Team tov Alyouoto tou 2014 otnv Ouyyoplia.



2. EriAoyn pIKpoeAEyKTh

Emeldr) otoxog Tou OAOU EYXELPAHUATOC NTOV VA TIPAUEIVEL TO KOOTOC XAUNAO, n ox€on

TIUAG amOS00NC NTAV KAL O TILO £VOC ONUOVTLKOG TIAPAYOVTAC OTNV EMAOYI TWV UALKWV.

O uikpoeAeyKkTAG Tou eTAEXOnke eivatl o PIC18F46K22 tng Microchip. O OUYKEKPLUEVOG

elval texvoloyliag 8-bit RISC pe moAU xapnAd kdotog aAAd mopdaAAnAa mMoOAAEG SuvatotnTteg, ol

OTTIOLEG TAPOUGLAIOVTOL OTOV TIOPAKATW TIVAKAL.

Parameter Name Value
Program Memory Type Flash
Program Memory (KB) 64
CPU Speed (MIPS) 16
RAM Bytes 3,896
Data EEPROM (bytes) 1024

Digital Communication Peripherals

2-UART, 2-A/E/USART, 2-SPI, 2-12C2-MSSP(SP1/12C)

Capture/Compare/PWM Peripherals

2 CCP, 3ECCP

Timers 3 x 8-bit, 4 x 16-bit
ADC 28 ch, 10-bit
Comparators 2

Temperature Range (C) -40 to 125
Operating Voltage Range (V) 1.8t0o5.5

Pin Count 40

XLP Yes

Cap Touch Channels 28




To OUYKEKPLUEVO MOVTEAO WULKPOEAEYKTH €xeL duvatotnta Asttoupylag pexpt 64 MHz pe
ECWTEPLKO POAOL, HUEXPL 28 avaloylkeg eloodoug, 3896 Bytes RAM kal 1024 Bytes EEPROM
(Electrically Erasable Programmable Read-Only Memory). Emiong, avhAkeL oTnv OLKOYEVELQ
HULKPOEAEYKTWV XOUNANC KATOVAAWONG LOXUOG, OTIWC ETLONG KAL OTNV OLKOYEVELX ULKPOEAEYKTWVY OL
omotot eivat katdAAnAot yia unAég BepLokpaoied.

JTov mopokAtw Tivaka daivetal to Sldypappa Twv pin TwV HLKPOEAEYKTWY TIOU

Xpnoluomnoonkav.

d

MCLR/VPP/RE3 —[] 1 40 |[J =— RB7
RAD <-—a[]2 39 [] =— RB6
RA1T =—=[]3 38 ] =— RB5
RA2 «—s]4 37 [ =— RB4
RA3 -—[15 36 [] =—— RB3

RA4 o—.CG 35:.—>R82
RA5 =—[]7 34 [0 =—— RB1
REQ -—e[]8 8 33 0 =— RBO
RE1 =—=]9 X 32 [ =—— Voo
RE2 «—[] 10 % 31 [J =———Vss
VDD —e ] 11 w 30 [] =—= RD7
Vss -[]12 ;J 29 :]o—. RD6
RA7 e ] 13 « 28 [] <= RD5
RAG ] 14 O 27 [] <= RD4
RCO -—[115 o 26 [ =— RC7
RC1 4-——’E 16 25 [ =—e RCH
RC2 <—>E 17 24 j<—> RC5
RC3 =—e[] 18 23 [ =—= RC4
RDO e— 119 22 [ =—= RD3
RD1 <«—s[]20 21 [ =— RD2

KaBe pin Tou ULKPOEAEYKTH UMOPEL VO EXEL PLaL ) TIEPLOCOTEPEC AEITOUPYLEC. AvAAoya LE TNV
6nAwon mou Ba yivel péoa otov kwdka €va pin pmnopet va eival elcodog 1 €€06o¢, avaloyikod n
Pndlakd KAT. ITn CUVEXELA TNG gpyaciag, kABes pin mou yxpnowlomnowtnke Ba avadépetal kot o
TPOMOG 1oV opiletal n Asttoupyia Tou.

O KwdKAC TOU HIKPOEAEYKTH ypadTtnke o€ yAwooa C kol LETAYAWTTIOTNKE Ye Tov compiler

tn¢ Mikroelektronika Mikro C Pro for Pic.
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3. Ospuokpaoia Kwvnrtipa

Tooo 0TOUG AmMAOUC KWVNTAPEG OCO Kol O KWNTAPES uPnAwv eMSO0EwWV gival {WTIKAG
onuaciag n yvwon tng Beppokpaciog Tou Kvntipa ywo TNy BEATIoTn amodoon Tou Kal owoTh
Aettoupylia Tou, KaBwWCE Kot N tapakoAouBnor) TNG yla TNV anoduyn EMKIVOUVWY GUVONKWV.

O kwntipag eival e€omAlopévog pe évav alocOntripa Bepuokpaciog texvoloyiag B€puiotop
NTC (Negative Temperature Coefficient), o onoilog cuvdéetal pe Tov eykédalo Tou povobeaiou,
WOoTE va puBuileL TNV Astoupyia Tou KwntApa avaloya pe tnv Beppokpacia tou. To BEpuiotop
elval pla avtiotaon tng omoiag n T UETABAAAETAL ONUAVTIKA OE OX€on UE TNV Bepuokpaocia,
TIEPLOOCOTEPO AT’ OTL OTIG KAVOVLKEG QVTLOTAOELS. TNV MAPOKATW €lkova daivovtal ta uotkd

XOPQAKTNPLOTIKA TOU aodntipa.

O awBntipag €xelL avtiotaon mepimou 28000 otoug 25 PBabuoug Kelolou kal wg
texvohoylag NTC thermistor n avtiotacn tou pelwveTol 000 aufavetal n Beppokpacia tou. MNa
napadelypa, av n Beppokpacia ¢tacel toug 100 Babuoug n avtioctaon Tou pelwvetal ota 177Q.
To eUpog Asttoupyiag eivat amo -40 £éwg 150 BaBuoug Kedolou kal avtiotaon and 100KQ €wg 48Q).
ITOV MOPAKATW TVOKA TOPOUCLAZETOL N T TNG avTioTaong Tou alobntripa o€ Ox€on HE TV

Bepuokpaoia.
11



H petafoAn tng avrtioctaong tou Oepuiotop NTC petpdrtal pe tnv TOmMoBETnon Tou
aloOntipa péoa og éva Bactkd KUKAwHO Slalpetn tdong omou to Bepuiotop €xel ouvdebel otov
OKPOSEKTN YEIWONG TOU KUKAWUATOG. AeSOUEVOU OUWG OTL O (6log aloBntripag cuvdéstal Ue v
ECU, av o pikpoeheyktng ouvdebel otov altobntripa Ba punopet va Stafdaocel kamota taon.

AapBavovtag umoyv ta oxnuatika dtaypappata tng ECU mou ¢aivovtal 0to mapakatw
oxnua, daivetal OTL UTAPXEL €vag SLALPETNG TAONG TIOU OSnNULOUPYEITAL PE TNV AVIIOTAON TOU

aloOntipa kot pag avtiotaong 2.49 KQ.
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'vwpilovtag Aoutov tnv T tng pull-up avtiotaong tou dlapétn tdong KabBwg Kal tnv
avtiotaon tou alodntipa o kAbe Bepuokpacio UTOPOUUE va UTIOAOYLOOUE TNV TAon mou Ba

SlaBalel oe kaBe Bepuokpacio n ECU kal KoT' EMEKTAOCN O ULKPOEAEYKTNC LOG.
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Vin=5V
R1=2.49 KQ
R2 : n avtiotacn tou atocbntipa

Vout : n taon mou Ba S1oBACEL O PLKPOEAEYKTNAC

Aappavovtag uTOYLV Ta TaPATIAVW UIMOPEL VO KATAOKEUOOTEL O TTAPAKATW TIVAKAG.

Temp R2 Vout
5 7280 3,726
10 5670 3,474
20 3520 2,928
25 2796 2,645
35 1802 2,099
50 973 1,405
60 667 1,056
70 467 0,79
80 332 0,588
90 241 0,441
100 177 0,332
110 133 0,587

Me BAon ta oTolyela Tou TtivaKa TIPETEL VO KATOOKEUAOTEL pLa elowaon ou va CUVSEEL Ta
Vout kat Temp. Anod 1o datasheet tou aiwoBbntripa yvwpiloupe OTL oL TIHEG TNG avtiotaong
oakoAouBouv pla pBivouoa KapmuAn. MNa Tnv MPOoEyylon AUt TNG KOUMUANG XPNoLLomoLlnonke

HLo TToAVWVU KN e€lowon tpitou BaBuou tng popdng :

Temp=—4.3xV°*+32.3xV*-94xV + 127.8
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Vout
3,726
3,4743
2,928
2,645
2,099
1,405
1,056
0,79
0,588
0,441
0,332
0,254

Baoel Tng mapandvw e€lowaong, o UIKPOeAEYKTAG eival og Béon SdtaBalovtag tnv TAon mou

Sivel To mapamavw KUKAwPO vor pmopel var urtoAoyilel tnv avtiotolxn Bepuokpacia kal va Thv

eudavilel otnv 066V

Temperature
5
10
20
25
35
50
60
70
80
90
100
110

Calculated Temperature

3.681472774
10.89455436
21.64689165
25.66814202
33.11606355
47.62814494
59.54713931
71.62908612
82.86843458
92.3035067
100.0376463
105.9789177
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Error
1.318527226
8.945543609-10-1
1.646891649
6.681420244-10-1
1.883936453
2.37185506
4.528606918-10-1
1.629086124
2.86843458
2.303506703
0.037646257
4.021082268



To onua Tou alobntrpa mPw PTACEL OTOV UIKPOEAEYKTH TIEPVAEL MPWTA oo éva Pabumepato
diAtpo, £T0L WOTE TO oA va GIATPAPETOL TIPLV UTEL OTOV HLKPOEAEYKTH yla armokornr) Bopufou. To

diAtpo amoteleital and SUO MUKVWTES KoL Lo avtiotoon Kol GalVETAL OTO TTAPOKATW CXUAL.

To onpa cuvdEetal oto pin 9 Tou HIKPOEAEYKTH, TO omoio avtiotolyel oto RE1/ANG. To pin
opiletal péoa otov KWOIKA WG avaAoyIKod Kol we l0080G e TIG EVTOAEG:

ANSELE = 0x02; // Configure RE1 pin as analog

TRISE1 bit=1; // Configure RE1 pin as input

ITn OUVEXElA TIPEMEL va KOAEoTel n ouvaptnon ADC Init() n omola opxLKOTOLEL TNV
Aettoupyia yio 1o ADC Kot A0V O PLKPOEAEYKTAG Uopel va StaBalel To onua mou SExeTal oav
eloodo pe tn ouvaptnon ADC_Read(). Mapokdtw mopatiBetal TO KOUUATL TOU KwSIKA TIOU

ekteleital wote va StaBaletal kabe dopd to onua.

/*

*/
unsigned long temp_res;
unsigned long p0,p1,p2,p3;
unsigned long temp_volt;
unsigned long temperature;
char temp[15];
/*
16



*/

void main(){
ANSELB =0; // set PORT B pins as digital
TRISEO_bit = 0; //Configure REO pin as output for the warning led
ANSELE = 0x02; // Configure RE1 pin as analog
TRISE1 bit=1; // Configure RE1 pin as input
/*
*/
ADC_Init(); // Initialize ADC
/*
*/
while(1){
temp_res=0;

temp_volt=0;
temp_res = ADC_Read(6); // Get 10-bit results of AD conversion
calculate_temp(temp_res);

/*

*/

H calculate_temp(temp_res ) elval pla cuvaptnon otnv omoia yivovtal oL MPAel NG
nponyoUuevng eflowong mou avadépbnke, wote va umoloyiletal n Bepuokpacia. Emiong,
UETOTPEMEL TA TPLA MPWTA VOUHEPQ TOU amoteAéopatog o KwdikoU ASCII Ta amoBnkevel o€ évav
TIVOKOL XAPOKTNPWY, WOTE VO UTTOPoUV va epudaviotolv otnv 08ovn kal TéAog, av n Bepuokpaocia
Eemepaoel toug 100 Babuoug kavel to pin 8 (RED) evepyo, wote va avalel Eva IPOELSOTIOLNTLKO
led oto tapmAd kat va mpoeldonolioel Tov 0dnyod yla unepBépuavon tou kwwntipa. O kKwdikag

QUTAG TNG oLVAPTNONG Elvat 0 akoAouBog.
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void calculate_temp(unsigned long temp_res) {

temp_volt = temp_res*500/1023; // digital result to volts
// calculations for the equation

p0 = 1278*1000000;

pl=940*temp_volt*10000;

p2 = 323*temp_volt*temp_volt*100;

p3 = 43*temp_volt*temp_volt*temp_volt;

temperature =p2-p3-pl+p0;

temperature = temperature/10000000;

temp[0] = (temperature/100)%10 + 48; // first digit to ASCII

temp[1] = (temperature/10)%10 + 48; // second digit to ASCII
temp[2] = temperature%10 + 48; // third digit to ASCII
Lcd_Out(1,16,temp); // output on LCD
if (temperature>100){
LATEO bit=1; // LED on
}
else{
LATEO_bit =0; // LED off
}

18



4. 3TpoWEc Kivntnpa

H taxutnta Asttoupylag evOg KLNTNPaO UETPLETAL O OTPOdEC ava AemTo (revolutions per
minute [ RPM) kot €lval akOpo pLO CNUAVTIKA HETABANT yla TNV owoTr AEToupyila €vog
OYWVLOTIKOU oxNuatoc. H petaBAntr) autr mMpEMEL va €ival ywwaoTh TO00 yla Thv cwaotr) puduion
TOU KWNTAPA 000 KAl ylot TNV EVNUEPWON TIOU TIAPEXEL OTOV 08Nyo yLa TNV owoTh evaillayn Twv
TAXUTATWV.

H Slaxeiplon Tou Kwntipa tou povoBeciou, yivetal amo pia NAEKTPOVLIKA KEVIPLKN povada
(ECU).H kevtpikn povada mou SlabEtel to oxnua pog ivat o Megasquirt 3. H ECU 8uaBétel €€060
yla ouvéeon e€wtepilkol oTpodPoueTpou. H £€060¢ auTr elval £Vag TETPAYWVLKOG TIAAUOC, O OTOL0G
elvat 12V yia upnAd onua kat OV yio xapunAo Kal mapaysl moApoug yio kaBs meplotpodr) tou
otpoddlou. MeTpwvtag AOUTOV AUTOUG TOUC TAAUOUC OF OUYKEKPLUEVO XPOVIKO Slaotnua,
UIToPOoUV va UTTOAOYLOTOUV OL 0TPOGdEG TOU KLvNnTrPa.

O upwkpoeAeyktng dlabétet tov Timer0 mou pmopel va xpnotponotnBel oav timer f counter.
Méow ToU AoylopikoU pmopel va dSnAwBel n Aswtoupyia tou eite w¢ 8-bit site wg 16-bit. H
Aetoupyla tou eAéyxetal amo tov kataxwpnty TOCON kal n Asttoupylkotnta kaBe bit tou
Kotoxwpentr autol ¢aivetal oTov mMapakdTw Tivaka. ITtnv mapovoa gpyacia o Timer0 oploBnke
w¢ 16-bit counter wote va PETPAEL TOV 0pLlOUO TWV MAAUWY Tou ¢ptavouv oto pin 6 (RA4-TOCKI).
Eniong, emeldni o PIKPOEAEYKTIG UTTOPEL va €XEL oav €lcob0 onjua PEXPL 5V, xpnotluomnotndnke évag

SLaLp£TNG TAoNG WOoTe va pewwBouv ta 12V oe 5V.
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TOCON register

RAW-1 RAN-1 RAW-1 RAN-1 RAN-1 R/AW-1 RAN-1 RAN-1
TMROOMN TO&BIT TOCS TOSE FSA TorPSZ TOPSA TOPSO
bit 7 bit O
Legend:
R = Readahble bit W = Writable bit U = Unimplemented bit, read as '0'
-n = Value at FOR 1"= Bit iz zet ‘0" = Bit is cleared * = Bit i3 unknown
bit 7 TMROOM: TimerD On/Off Control bit
1 = Enables Timerd
0 = Stops TimerD
bit & TOBBIT: TimerD 8-Bit'16-Bit Control bit
1 = Timer0 is configured as an 8-bit timer'counter
0 = Timer0 is configured as a 16-bit timer/counter
bit 5 TOCS: TimerD Clock Source Select bit
1 = Transition on TOCKI pin
0 = Internal instruction cycle clock (CLKO)
bit 4 TOSE: Timerd Source Edge Select bit
1 = Increment on high-to-low transition on TOCKI pin
0 = Increment on low-to-high transition on TOCK! pin
bit 3 PSA: TimerD Prescaler Assignment bit
1 = TimerD prescaler is NOT assigned. Timer0 clock input bypasses prescaler.
0 = TimerD prescaler is assigned. Timer0 clock input comes from prescaler output.
bit 2-0 TOPS2:TOPS0: TimerD Prescaler Select bits

256 Frescale valus
128 FPrescale valus
64 Prescale valus
FPrescale valus
FPrescale valus
Frescale valus
Frescale valus

Frescale valus

1140

=t =k =k =k =k =k =k =k
[ 5

MR o 2w

MNna va oploBel 1o dtdotnua mou Safaletal o Timer0 kal va umoAoyilovtal ol oTpodEg,

xpnowomnow|nke o Timerl, o omolog pe TOV KATAAANAO OPLOPO TwV Katoxwpntwv T1CON kat

INTCON pmopel va dnuioupyel interrupts oe cuykekpluévo xpovo. Ta interrupts eldomolovv Tov

enefepyaoTn va CTAUATACEL TNV OTOLO AELTOUPYLA TOU KOl VO EKTEAECEL VA CUYKEKPLUEVO KOUUATL

Kwdika, otav cupPel kamolo yeyovog. Ma Tov cwotd UTIOAOYLOUO TwV oTpodwv TOU Klvnthipa

eMAEXONKe €va xpovikdo OSlaotnuo 0.25 sec.

AUTO TO voUpepo emAéxBnke OLOTL av n

SelypatoAnyia yivovtal mo ypryopa, To amotéAsopa Ba pmopouoe va apdlofntnbei, kabwe to

Selypa Ba Enpemne va mMoAAamAACLOOTEL e HEYOAUTEPO APLOUO WOTE VO UTIOAOYLOTOUV OL OTPOdEC

VA AETITO, EVW OV YWVOTAV O HEYOAUTEPO XPOVIKO Slactnua, o odnyog lowg €BAeme Alyotepeg

OTPOdEG amO TIG KAVOVIKEG, adou miBavov to anotéAeopa dev Ba pmopouoe va avavewBel toco

ypriyopa 600 emtayUVEL O KWVNTHPAG.
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O xpovog mou cuppaivel kaBe interrupt urtoAoyileTal e TOV TOPAKATW TUTIO.

O 0plopOG autwV Twv HetafAnTwy yivetal pe TtV KOTAAANAn avaBeon twv bit tou
kataxwpntr TICON. O mivakag amno to datasheet tou pikpoeAeyKTr) ou Selyvel Tnv xprion kaBe bit

elval o mapakdtw.

12.13 Register Definitions: Timer1/3/5 Control
REGISTER 12-1: TXCON: TIMER1/3/5 CONTROL REGISTER

RAW-0iu RAN-D/u RAN-O/u RAN-OVu RAW-0iu RAN-0iu RAN-0/D RAN-D/u
TMRxC5<1:0> | T=CKPS5<1:0> | TxSOSCEN TxSYMNC T=RD18 TMRxON

bit 7 bit O
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as 0’
u = Bit is unchanged x = Bit is unknown -nim = Value at POR and BORMNValue at all other Resets
1" = Bit is set ‘0" = Bit is cleared
bit 7-8 TMRxCS<1:0=: Timer1/3/5 Clock Source Select bits

11 =Reserved. Do not use.
10 =Timerl/3/5 clock source is pin or oscillator:

oy =

External clock from TxCKI pin {on the rising edge)

oy =1-

Crystal oscillator on S0SCHE05C0 pins
0L =Timerl/3/5 clock source is system clock (FOSC)
00 =Timer1/3/5 clock source is instruction clock (FOsc/M4)
bit 5-4 TuCKPS<1:0=: Timer1/3/5 Input Clock Prescale Select bits

11 = 1:8 Prescale valus
10 = 1:4 Prescale valus

11 = 1:2 Prescale valus
20 = 1:1 Prescale valus
bit 3 TuSOSCEN: Secondary Oscillator Enable Control bit

1 = Dedicated Secondary oscillator circuit enabled
0 = Dedicated Secondary oscillator circuit disabled
bit 2 TuSYMNC: Timer1/3/5 External Clock Input Synchronization Control bit
TMRxC5<1:0= = 1X
1 = Do not synchronize external clock input
0 = Synchronize external clock input with system clock (Fosc)

TMRxCS5<1:0= = 03X

This bit is ignored. Timer1/3/5 uses the intemal clock when TMRxCS<1:0= = 11X,
bit 1 TxRD16: 16-Bit Read \Write Mode Enable bit

1 = Enables register readfwrite of Timer1/3/5 in one 18-bit operation

0 = Enables register read/fwrite of Timer1/3/5 in two 8-bit operation
bit O TMRxON: Timer1/3/5 On bit

1 = Enables Timer1/3/5

0 = Stops Timeri/35
Clears Timer1 35 Gate flip-flop
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O kataxwpntng apxkomolndnke pe tnv tun TICON = 0b00001111 kot £€tol opiletal ot

Aettoupyla 16-bit, pe prescaler 1 kau clock source = instruction clock (FOSC/4).

1

_ 16:
_71Mhz/4><1><2 0.25sec

‘EtoL Aoutov kal pe BAoN TOV APATTAVW TUTIO EXOULE: t

Eniong, o TIMER1 mpémnel va mpodoptwBOEel He KATIOLO CUYKEKPLUEVN TLUN WOTE VO TIETUXOUE
QUTOV TOV akpLBn XPOVo. ZTNV TPOKELUEVN TteEpimTwon eival n Ty 0xBDC.
‘Exovtag oplosl OAa TO MOPATIAVW O ULKPOEAEYKTNC €ival og B€on MAEOV va UTTOAOYIOEL TIg

oTpodEG Tou Kvntipa. Kabe 0.25 sec yivetat dnuloupyeital éva interrupt kat yivetal avayvwon

_TO0X60

RPM Value — 025

™C¢ TG tou TIMERO. Ot otpodég ava Aemto Ba sival:

omnou TO eival n mpaypatiki pétpnon tou TIMERO (revolution per cycle). To TO moAAamAacialetal
ue 60 (sec/min) kot Slatpeital pe to xpovo dewypatoAniag 0.25 sec. MOAG oAokAnpwBouv ot
urnoAoylopoi, o TIMERO pndeviletal wote va apxioet va LETPAEL Eava.

O uikpoegAeyktn¢ yvwpilovtog Ti¢ otpodEC Tou Kvntripa, avalappavel va avapel ta
avdaloya LED oto taumAd tou povoBeoiou kabBwg kat va mapouotdoel otnv LCD 0Bdvn tv tun
TIOU UTIOAOYLOE. € QUTO TO OnpeEio va onuelwBel 0Tl N avavéwon twv LED yilvetal petd and kabe
UTTOAOYLOMO TNG VEAC TIUNAG TwV oTpodwy, dnAadn kabe 0.25 sec evw N avaveéwaon TN TIUAG TS
00dvng yilvetal péoa otnV main ouvapTnon TOU WLKPOEAEYKTr. AutO yivetal S0t ta LED
amoteAouV TtV KUpla Slemadn yla tnv evnuépwaon Tou odnyou ylo To onuelo ou Bploketal o
KLVNTAPAG KoL £TOL XPELALOVTAL TILO YPryopn avVavEwan.

MapoKATW TOPOUCLALETOL TO KOUMATL TOU KWOKA TOU MIKPOEAEYKTH TIOU UAOTIOLEL TOV

UTTOAOYLOUO TwV 0TPOdWV TOU KLVNTAPO KOL TNV avavéwaon tn¢ 006vng kat twv LED.

/*..*/

//oplopog twy led yia to PORTD
#define LED1 0b00000001
#define LED2 0b00000011
#define LED3 0b00000111
#define LED4 0b00001111
#define LED5 0b00011111
#define LED6 0b00111111
#define LED7 0b01111111
#define LED8 0b11111111
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[*..*/

unsigned long RPM_Value;

sbit pulses at RA4_bit;

[*..*/

//uetatpornr Tou aplOpol o€ XapaKTHPES WOTE Vo epdavioTtolv othv 006vn
char *RPM = "00000 RPM";

void Display_RPM(unsigned long num){

RPM[0] = num/10000 + 48;
RPM[1] = (num/1000)%10 + 48;
RPM[2] = (hum/100)%10 + 48;
RPMI[3] = (hum/10)%10 + 48;
RPM[4] = num%10 + 48;

Lcd_Out(2,12,RPM);

void on_leds (long rpm){ //function to switch on the leds depending the rpm
if(rpm>1000)
{
PORTD=LED1;
}
if(rpm>2500)
{
PORTD=LED2;
}
if(rpm>3500)
{
PORTD=LED3;
}
if(rpm>5000)

{

PORTD=LED4;
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}
if(rpm>6200)

{
PORTD=LEDS;
}
if(rpm>7200)

{
PORTD=LEDS;
}
if(rpm>9000)

{
PORTD=LED7;
}
if(rpm>11000)
{
PORTD=LEDS;
Delay_ms(100);
PORTD=LED7;
Delay_ms(100);
}

}

[*..*/

void interrupt() {
if (TMR1IF_bit) {

pulses =0;

//led flashing as a warning for the driver

// 100 ms delay

TOCON.TMROON =0; // Stop the timer

RPM_Value = ((TMROH << 8) + TMROL)*240;

on_leds(RPM_Value);

24



TMROL = 0;
TMROH = 0;
TOCON.TMROON = 1;

pulses =1;
TMR1IF_bit = 0; // clear TMROIF
TMR1H = 0x0B;
TMR1L = 0xDC;
1
}
void main(){
[*..*/
ANSELB = 0; // set PORT B pins as digital for the LCD
TRISD = 0; // set direction to be output for the leds

TOCON = 0b01101000; //configuring TIMERO for pulse count
T1CON =0b00001111; //configuring TIMER1 for time count

TMR1IF_bit = 0; // clear TMR1IF

TMR1H = 0x0B; // Initialize Timer1 register
TMR1L = OxDC;

TMR1IE_bit = 1; // enable Timer1 interrupt
INTCON = 0xCO; // Set GIE, PEIE

TOCON.TMROON = 1;
TMROL = 0;

TMROH = 0;

pulses =1;

[*..*/

while(1){

[*.*/
Display_RPM(RPM_Value);
[*..*/

}
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5.Tayutnta povodeciouv

H toxutnta tou povoBeciou umoloyiletal pe tn BonBelasvog awcbntrpa ¢oatwvopévou
HALL, o omoiog €ival TomoBetnuévog 0To KIBWTLO TAXUTATWY KOL HETPAEL TG TEPLOTPODEG TOU
afova mou bivel kivnon oto eéwtepkd ypavall petadoong tou Kwntipa. H Aesttoupyia tou
aloOntipa avtol Baciletal oe Evav payvhAtn Mou gival otov afova Tou MePLOTPEDETAL Kol Eva

0TaOgPO KOUUATL OTIWCE POIVETAL OTNV TTAPAKATW ELKOVOL.

Ring Magnet

Motor
(

Hall Effect
Sensor

Otav o payvAtng TMEPVAEL UMPOOTA MO TOV aloOnTrpa, MOPAYETAL EVOG TETPAYWVIKOG TIOHAUOC.
Emopévwg, évag maApodg avtlotolxel o pia meplotpodn tou dova.

Méow Tou mopamnavw dfova kal Tou eéwTteplkol ypavallol mou eival mAvVwW CE QUTOV Kol
Héow oAuvoibag Sivel kivnon oe éva peyaAltepo ypavall mou Ppioketal oto Sladoplkd Ttou
OXNUOTOG KOl £TOL TEPLOTPEPOVTOL OL TPOoXOLi. EToL, yla va UTTOAOYLOTEL N TaXUTNTA Tou povoBeaiou
OPKEL va €lval yvwoTO Ol TEPLOTPOPEC TOU AEOVA OE KATIOLO CUYKEKPLUEVO XPOVLKO SlaoTnua, o
A6yo¢ petadoong twv duo ypavallwv, SnAadn pa neplotpodn Tou afova oTo KIBWTLO TAXUTATWV
o€ TOOEC MEPLOTPODEG AVTLOTOLKEL oTOV Afova HETAS0ONC TNC KivNoNng, Kal N aKTiva TwV TPOXWV

pulses/second

drive ratio X2mrX3.6

Speed =

Tou povoBeaiou. O TUmog ou Sivel Tnv taxuTnTa lvat:

To drive ratio 0To cUyKekpLUEVO HoVOBEGLo ivat 3.33 Kal n akTiva Twv Tpoxwv Tou sivat 0,254 m.
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H HéTpNnon TwV MAALWY OTOV HLKPOEAEYKTN €YLVE E ToV (610 TPOMO OnwG Teplypadnke oto
KEPAAQLO Yl TNV HETPNON TWV OTpodwv Tou Kivntrnpa. H povn Siadopd sival o xpovog mou
yivetal n avayvwon tou neplexopévou tou TIMERO. Adyw Ttou OTL N evnuépwoaon tT¢ 006vng yla Tnv
NV Taxutnta tou povoBeciou dev xpeldletal va €lval TOCO ypriyopn OGO OTNV MEPIMTWON TWV
otpodwyv, anmodaciotnke o xpoOvog Twv interrupts va eivat 0.5 deutepolenta. MNa va emteuyOel
QUTOC 0 XpOvog, o kataxwpntig TICON opiletal OMWE oTNV MPONYOUEVN TIEPITTWON HE TNV HOVN
Sladopa otL ta bit5-6 Ba €xouv Tun 01 avti yia 00 wote o prescaler va yivel 2 kot va €oupe
interrupt kaBe 0.5sec.

MapoKATW TAPOUGCLAZETAL 0 KWAIKAC YLO TNV UAOTIOLNGN TOU UTIOAOYLOHOU TNG TaXUTNTOG

Tou povoBeoiovu.

[*..*/

unsigned long sprocket_rps;
unsigned long KMH_Value;
[*..%/

void interrupt() {
if (TMR1IF_bit) {

pulses = 0;

TOCON.TMROON =0; // Stop the timer
sprocket_rps = ((TMROH << 8) + TMROL);
TMROL = 0;

TMROH = 0;

TOCON.TMROON = 1;

pulses =1;

TMR1IF_bit = 0; // clear TMROIF
TMR1H = Ox0B;

TMR1L = 0xDC;
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void main(){
[*..*/
TOCON = 0b01101000; //configuring TIMERO for pulse count
T1CON =0b00011111; //configuring TIMER1 for time count

TMRI1IF_bit = 0; // clear TMR1IF

TMR1H = 0x0B; // Initialize Timer1 register
TMR1L = 0xDC;

TMR1IE_bit = 1; // enable Timer1 interrupt
INTCON = 0xCO; // Set GIE, PEIE

TOCON.TMROON = 1;
TMROL =0;

TMROH = 0;

pulses =1;

[*..*/

while(1){

[*..*/

KMH_Value = sprocket_rps*3.44;
Display_KMH(KMH_Value);
[*..*/

}

char *KMH = "000 km/h";

void Display_KMH(unsigned long num){
KMH[0] = (hum/100)%10 + 48;
KMH[1] = (hum/10)%10 + 48;
KMHI[2] = num%10 + 48;
Led_Out(3,11,KMH);
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6.YrtoAoyiouog oxéonc kiBwrtiouv tayutitwv

2TO EMOUEVO OTASL0 MEPLYpADETAL N AvaATIOPACTACH TNG OXECN TOU KIBWTIOU TAXUTATWV.

ot TO OKOTIO AUTO Xpnotpomotonke o 086vn LED-16 Yndiwv n onola £xet TG evOeilelg

«1,2,3,4,5,6,N», omouv "N oupBoAiletat n Nekpa(Neutral). Ztoxoc eivat n 0086vn va amelkovilel

KAOe popd TIg alayEg ou yivovtal oTo KIBWTLO TaxutATwV yla va Bonbdel tov odnyd wote va

EXEL KOAUTEPO €AEYXO TOU QUTOKWVATOU Kal PBeAtiwon twv emSOCEWV KATA TNV OYWVLOTIKN

oénynon. BeBaiwg, n xprion autnc tng Aettoupylag pumopel va eivat moAAmAn kaBwg EMITPETEL TNV

wavotnta va avanapiotatal n ‘Nekpd’ Omou erutpémnel TNV €AeUBepn Kivnon Twv TPpoXwv amo

QUTHV TOU KLVNTAPaA KABWE KaL Tn SuvaToTnNTA Va MOPAUEVEL OE OTACH TO OXNKO UE TNV AELToUpyia

TOU KWVNTAPA EVEPYH XWPLG va XPELATZETAL N XPr)ON TOU CUMTAEKTN.
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KiBwtiou ouvbualetal pe Eva

NAEKTPOUAYVNTIKO UNXAVLOMO evalAayng Taxuthtwy tng Kliktronic o omoiog emttpemnel oL aAAayEg

va ylvovtal pe kouurid(Push On) oto THOVL TOU auTtoKLvrTou. Eva Kouumi mpokaAel Tnv kivnon

TPOG TN Hia katevBuvon(avéBaopa- up shift) kat to aAAo poc tnv aAAn(katéBaopa- down shift)

29



O unxaviopog KLIKTRONIC:

H cuvbeopoloyia PETALY TOU UNXAVIOUOU KOl TWV KOUMTILWV €Ol OXETIKA amAn kabwg o
HUNXAVIOPOC TpododoTeital He peva oo Ta relays Twv avtioTo(wWV KOUUTLWY. Ta KOUUTLA €lval
ouvdedepéva otnv €icodo g yelwong twv avtiotoywv relays. EToL 0Tav To Kouumi matnOei, KAveL
enadn Ue tn yelwon oto relay kat auto cav £€€060 TPododoTEL e peLLA TOV UNXAVIOUO avAloya
LE TNV Kivnon mou BEAoupE va KAVEL.

210 oUOTNUA KOG XPNOLUOTIOLETE pia epyooTtactakn £€€060 Tou KvnNTApa, OMoU OTav oToV
KiBwtlo Oev uUMApXEL KATOlA OY€on TOTE OTEAveTal €va onua 0V, to omoio umopel va
ouunepAndOel oav €lcodo oTOV UIKPOEAEYKTA yla TNV avamopdaoctacn tng ‘Nekpag- Neutral’.

To TLO ONUOVTLIKO KOUUATL TOU CUCTAUATOC TNG QVOIApAoTAoNG TNG OXEoNG Tou KBwTiou
elval éva mepLlotpodIkd MOTEVOLOUETPO TUTIOU 21176-0002 t0 omoio Asttoupyel Le Tdon avadopdg
Ta 5V kat n €€obo¢ mou emotpédel ) Safaletal cav £ic060¢ 0ToV HKPOEAEYKTH. OL TIHEG TTOU
ETUOTPEPEL HE AUTAV TNV TtAon avadopd¢ cav €icodo, kupaivovtal and 3,27V €wg 2,43V Kal
avtiotolyilovtal péow pia ouvaptnong tng BBAodnkng, tnv ADC_Read(), oe avayvwplon kivnong

TPOG TNV Wia ) TtV AAANn katevBuvon amnod Tov Kwdika.
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To MOTEVOLOUETPO QUTO Elval ouUVOESEUEVO e Hila TTPOEKTAON TIOU €XEL TomoBeTNOel otov
afova Omou CUVOEETAL TO TTEVTAA aAAOYNG TOXUTHTWV.
Elval aplotepootpodo yla autd to Adyo otav tomobeteital, PplokeTal oe pia mPodopTIopEVN
Kotaotacon Omou opiletal wg kataotacn npepiag.Exoviag cav e€icodo ta 5V n tdon mou
ETUOTPEDEL OTNV KATAOTACN AUTH €lval ta 2,87V. Mg autd tov TpoTmo sival edpikto va dtapalovrat
oL oAAQYEG OTNV ETLOTPEDOUEVN TAON KoL va avilAauPAvetal to oUOTNUA TPOG Ta Told
katevBuvon kwnbnke o afovag, SnAadn av éywve avéBaopa 1 katéfacpa tng oxéong Tou
kKiBwtiou. EmutAéov BonBdeL otnv avayvwplon eyKalpwe Kamowou opaipatog otnv dadikaoia,
OMWG yla mapadelypa va unv oAokAnpwBel n aAAayr taxutntog MopoAo mou €xel matnBel to
KOUTIL.

‘EtoL apxika opilovtal ot ool ou Ba xpnoomolnfouv amo ToV KPOEAEYKTH yLa QUTHV
TNV QVamapAcoToon KoL 0TV CUVEXELD TLG avTioTolkilovtat pe ta Pins tng 0Bovng . 2tn CcuvEéXELld
opilovtatl ta ocvpPoAa mou BEAoupe va avamapootabolv Kal autd Omwc avadEépdnkav Kal
TipONyoUHéEVwWE eival ta « 1, 2, 3, 4, 5, 6, N, --». Mapatnpoupe otL Ba xpealovtal 8 cupPBoAa
avamnapactaon. To cUUPBOAO « -- » XPNOLUOTIOLETAL OTAV EVEPYOTIOLELTAL TO CUOTNUA HaG. AUTO
ylvetal 810TL pEmelL va yivel apylkomoinon kabwg eivat emBuunto va anodeuxbolv opaipata ta
omola pmopel va mpoépyxovral amd allayEég oto KIBwTIO evw oUTO Atav avevepyo. Etol otav
tpododotnBel To cloTNUA UE peLUA, 0TV 000V UTIAPXEL auT N €vOelen péxpL va bexBel oav
elocobo, to onua amd tov KwntRpa OV Kal va YiveEL PJE QUTO TOV TPOTO N apxLKoToinon oTov

METPNTA.
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ITov Kwoka €xel oplotel OtTL ta PortB kai PortD wg €£68oug kal ocuvdedepéva e Ta pins TG

0006vngc. Etol ap)lkad opilovtal ta cUpBoAa ou B€Aoupe va avanapactabouv:

#define DO 0b00010001

#define BO 0b00000000 /]« --»

#define B1 0b00000000
#define D1 0b01000100

#define B2 0b11101110
#define D2 0b00010001

#define B3 0b11111100
#define D3 0b00010001

#define B4 0b00110001
#define D4 0b00010001

#define B5 0b11011101
#define D5 0b00010001

#define B6 0b11011111
#define D6 0b00010001

#define BN 0b00110011

#define DN 0b10001000

/*

*/
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‘Enelta yivetal n apxlkomoinon Tou MPoypapuaTtos kat opilovtal ta Pins Tou HIKpogAEKTA

yla to mtota Oa sival n Asttoupyia toug (eicodocg/e€odoc,avaloyikni/PndLakn,)

void initialization (void)

{

TRISA=0;

TRISB=0;

TRISD=0;

ANSELA=0;

ANSELB=0;

ANSELD=0;

LATA=0;

LATB=0;

LATD=0;

ANSELC = 0b11111100;

TRISC = Oxff;
ANSELE = 0;
TRISE = Oxff;

tempmax=-1;
gpt=-1;
1}
/*

*/

2TN OCUVEXELA TO TIPOYPOUUO TIPOXWPA oTnV KARon tng main() kot opilovtal ol HeTafANTEG
mou Ba xpnotuomnolnBbouv:
void main (void)
{
initialization();
tempN=10000;

gpt=-1;
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/*

*/

EMETa 0TO KUPLWG KOUMATL TOU KWSLKa O1ou €6w YIVETAL 0 UTTOAOYLOUOG TNG OXECNG TOU
KiBwtiou tou kwvntpa Aappdavovtoag ur’ OPv OAa Ta CrHATA KAl TO TIOTEVOLOUETPO TO Omoio
€xouv tomoBetnOel.

Apxika €xouv AndOel ta koupmid (Push on) wg eicodol oto KUKAWHA pag. Etol otav
natnOei to kouvumni yla avéBaopa taxutntag (up-shift) o onpa twv OV oTéAveTal Kol OTIC EL0OS0UG
TOU UIKpOogAeyKT Tou PBpiokovtal oto PortC kal péow tn¢ ouvOnkng (Button(&PORTC, 0,15,0))
eAéyxetal av €xeL matnOel To KouuTtL yLa TouAdlotov 15ms mou sival apketd yia va Befawwboupe
OTL 0 08NnYyoG €xeL dwoel evtoAn yla alayn Taxutntag. OQuolkd OTwg avadEPBNKE KAl TILO TIPLV yLa
va UTtapEel €vOelen Ba mpEmeL va £XEL TAPEL E(0060 MPWTA O UIKPOEAEYKTN OTL £XEL ap)LkoTtolnBel
To ovotnua pe ta OV amd to onua tou Kwwntipa, tng Nekpdg. Mo To oKOomo autd £XOuv
TomoBeTnOel OnMwg SlakplveTal Kol 0TOV KWOLKO OPLOUEVEG METABANTEG TOU €XOUV TO POAO TNG

onuavong(flags). EtoL mapatiBetal o kwdkag:

/*

*/

if ((Button(&PORTC, 0,15,0))&&(gpt!=-1))

flagup=0;

while(tempPot2<tempPot1){
tempPotl= ADC_Read(15);
tempPot2= ADC_Read(15);
PORTB=BN;
PORTD=DN;
if(tempPotl<tempPot2 && flagup==1) break;
if(tempPot1<512){tempmin=tempPot1;}break;

if(tempPot2<512){tempmin=tempPot2;}break;
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flagup=1;

if(tempmin<512) {

if(gpt==0){
gpt=2;

}

if(tempN<4){

gpt==2;

}

else{ gpt++;
if(gpt>6){
gpt=6;
}

Delay_ms(20);

if (Button(&PORTC, 1,15,0)&&(gpt!=-1)){
tempN = ADC_Read(16);

flagdn=0;

while(tempPot2>tempPot1);{
tempPotl= ADC_Read(15);
tempPot2= ADC_Read(15);
break;
if(tempPot2<tempPotl && flagdn==1)break;

if(tempPot1>673){tempmax=tempPot1;}break;
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if(tempPot2>673){tempmax=tempPot2;}break;
flagdn=1;

if(tempmax>673){
if(gpt==0){
gpt=1;

}

if(tempN<4){

gpt==1;

}

else gpt--;
if(gpt<1){
gpt=1;
}

Kal émetta otnv avamapaoctacn tng anotiunong otnv obovn:

/*

*/
if(gpt==-1)
PORTB=BO;
PORTD=DO;

}

if(gpt==0){
PORTB=BN;
PORTD=DN;
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if(gpt==1){
PORTB=B1;
PORTD=D1;

if(gpt==2){
PORTB=B2;
PORTD=D2;

if(gpt==3){
PORTB=B3;
PORTD=D3;

if(gpt==4){
PORTB=B4;
PORTD=D4;

if(gpt==5){

PORTB=B5;
PORTD=D5;

if(gpt==6){
PORTB=B6;
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PORTD=DE6;

Kata tnv avayvwon t¢ TS TN TAoNS armd TO MOTEVOLOUETPO SlamotwOnke OTL dev punopouoe
va UTIOAOYLOTEL 0KPLBWCE 0 XpOVOG OTIOU O UIKPOEeAEYKTAG Ba Stafale oTyuldTUTIoO Amd TNV TN, HE
QMOTEAECUA TIAPOAO TIOU 1 EMLOTPEPOUEVN TACH NTAV APKETH £T0L WOTE va eMIBEPALWOEL OTL Eylve
oAlayr TaxUTNTOG O HLKPOEAEYKTNG MUMopel va tuxawve vo Slofdacel pio pkpotepn N uia
HeyaAUTepN otnv avtiotpodn dadikaaoia.

ot TO OKOTIO AUTO TPOOTEBNKE Evag Bpoyxog 0mou o poAog tou ival va Stafalel cuvexwg
OTLYULOTUTIAL OTav matnBel éva amd ta SUo Koupmd ylo aAdayn toaxutntog. Etol Aoutdv ya
KatéBaopa o Bpoyxog autog StaBalel Kal TG TIHEC TNG TAONG MEXPL va BpeL pia pkpotepn. Me
OUTOV TOV TPOTIO €MLTUYXAVETAL N e€aoddAlilon OTL Ba avayvwobel n peyalutepn emoTpedOUEVN
TAON KoL 0T ouvéxela autr Ba eheyxBel edv elval apketr yla va anodaclotel aldayr i OxL Kat
Enewta epdavion otnv o00ovn. EhOoov To MOTEVOLOUETPO HAG Elval TIEPLOTPODIKO N aviioTpodn
Swadikacia yivetal yia aAayn taxvtntag avéBacpa- up shift. AnAadn 6a dtapalel TipEG kot Ba
KPOATAEL TNV ULKPOTEPN €WG OTOU BPEL Hia LeYaAUTEPN OTIOU Kol TEPUATILEL.
Mo TNV avayvwon tng TAonG amd TOV LUKPOEAEYKTH XPNOLUOTOLETE OMwC MmpoavadpEpBnKe n

ouvaptnon ADC_Read().

Accept No valid
Down down Normal No valid up | Accept Up
Vout 3,33V 3,27V 2,87V 2,60V 2,43V
ADC_Read 682 670 588 532 498

Emedn) to KIPWTIO TAXUTATWY OTI( UOTOOUKAETEG £xel Alyo Oladopetikd TPOmo Asttoupyiag,

TIAPOKATW TOPABETETAL EVOl OO YL TO TIWE Yivovtal ol aAAQyYEG:



Qaivetat Aoutov otL urtdpyel n Nekpd(Neutral) avapeoa otnv mpwtn Kat SeUTEPn TaXUTNTA
OTIOU O€ €KELVO TO ONUELO O KLVNTHPAC OTEAVEL EvVa OHA YELWONG .
Ito olotnuo €xouv edapuooTel €Aeyxol yla TNV amoduyn kat tTnv autodlopbwon mibavov
odalpatwv. Etol otov kwdika €xel tpootebel évag Bpodyxog, omou kaBe dopd mou Bploketal otnv
B€on SVo kal €xeL matnBel to kouuri yla katéBaocpa(down shift), o ULKPOEAEYKTNG TEPLUEVEL Va
bexBel otyptaio éva onpa OV ya va emiBeBaiwoel 0Tl PploKeETAL OTO CWOTO eSO UTIOAOYLOUOU
KoL OTNV OUVEXELO VO QTTELKOVIOEL TNV TpwTn oxéon adou AdBet kal tnv emiBePfaiwon amnd to
TIOTEVOLOUETPO. AV OLWG O UIKPOeAEYKTAG SexBel onua OV evw Bploketal o katéBacpa anod tpitn
oe Seutépa taxuTNTa TOTE avayvwpilel to opalpa OtL €xel umtoAoyiosl AaBog kal Asttoupyel
ocUpdwva PE To onua Twv OV tou kvntripa. MNMou onuaivel OtL €xel eodpalpéva tnv €voeltn piog
TaXUTNTAC MAPOTAVW OO OTL TIPETEL OTOV PETPNTH.
‘EtoL anodelyou e va cuvexlotel n Aabog evbelén oe mepintwon opaApatog. To 8Lo LoyVEeL kal yla
To avéBaopoa(up shift) and mpwtn oe Asutépa OMOU Kat kel avtioTola cupBaivel To 8Lo, kKabwg
otn Sladpoun mepvael amnod tnv Nekpa Kol OTEAVETAL €va Crja yelwong.
MNa tnv amoduyr tou AdBou¢ petafl TOu MEPACUATOC KoL TNG TaxUutnTtag tng Nekpdg, €xel
npootebel évag emumAéov EAeyxoc. Ekel, 6tav o pikpoeAekTng 6exBel elcodo onua yeiwong(amnod tnv
Nekpad) eAéyxel Eava Emetta amo pla pkpry aAAG Slakpltry XPovik uotépnon kat av SexBel oe
OeUTEPO OUVEXOUEVO EAEYXO TIAAL TO CAUA TNG YElwoNG, TOTe KatalaPaivel OtL €xel TomoBetnBel
oto KIBwTlo n Nekpd toxVTNTA Kal KAVEL reset oTov counter Tou amelkovilel tn oxéon Tou
KiBwTlou oto TaumAO  kat Byalet tnv Evéel€n ‘N’ yiwa tov obnyd otnv oBovn, omou eivat
TIaAyKOOUiwG To cUpBoAo tng Kevig Ixéong-Nekpad.(Neutral)
Me auTov Tov TPOTO To cUoTNUa Uropet kat StopBwvel iBava opaApata aAdd kal emiBefatwvel

TO OWOTO TPOTO AELTOUPYLOC.
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7. Ztadun kavaoipouv

dAotép To omoio £xel 10 enmineda avriotdoswyv. Autd eivat and 10 éwg 180 ohm.

Mo tnv €véelén tng oTtABUNG TOU KAUGIHOU, XPNOLUOTIOLETAL EVOl YPOUMLKO HOYVNTIKO

Anuloupywvtag éva Slapétn taong pe R1 pwa avtiotaon 39ohm kat tnv ekdotote

avtiotaon otnv €l0080 TOU HLKPOEAEYKTH OUMOTIUATOL TO €minedo ¢ oTAOUNG Tou Kauoipou. H

Taon avoadopadg sival ota 5V kat péow tnG cuvaptnong ADC_Read() tn StaBalel o HIKPOEAEYKTAG.

Vin 5 5 5 5 5 5 5 5 5 5
R1 39 33 38 39 39 33 38 39 33 33
R2 10 2888 47,76 66,64 8552 104 4 123,28 142,16 161,04 17992
Vout 1,02 213 275 3,15 343 3564 380 392 403 411
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Emiong ywa tnv amokomnr tou BopuBou To onpa TPV LC0XOEl OTOV UIKPOEAEYKTH TEPVAEL
Kol auto amod éva Babumepatd ¢idtpo OMwG Kal oTnV MEPLTTWON Tou awodntipa Bepuokpaaciog

amoteAoUevVo amnd SUo TUKVWTES Kol pia avtiotaon.

O upkpoegAeyktnc Byalel 5 €€66oug omou ocuvdéovtal o dUo ypapupeg Led o kaBévag yla tnv
avamnapdotaon TG otddung. OAeg ot €€06oL Tou pkpogAeykTr ou odnyouv o€ Led mepvave amno

avtiotaon 330ohm yia tnv opaAn Aswtoupyia Kot TNV KATAAANAN pwTtewvoTnTA.
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MPoXWPWVTOG 0TO KOUUATL TOU KWLKA 0TO omolo €xoupe oploel Ti¢ évvoleg LED1, LED2,LED3,LED4

kot LED5 dlapfaloupe amnd to pin 14, 0mou €xoule oplostl Tnv £€€060 Tou Slapétn,

‘EtoL Aoutov:

void floter(void) {

temp_res = ADC_Read(14);

if(temp_res<295){
PORTA=LED1;

if (temp_res>295) {
PORTA=LED?2;

}

if (temp_res>563) {
PORTA=LEDS3;

}

if (temp_res>777) {
PORTA=LED4;

}

if (temp_res>803){
PORTA=LEDS;
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8. Mpooouoiwon KUKAwUATWVY Kot KWKo

Ta KUKAWHOTO TOU CUCTAMATOG OXESLAOTNKOV OTO Proteus Tplv KOTOOKELOOTOUV. To
OUYKEKPLUEVO TIPOYPOUHA TIOPEXEL ETIONG TNV SUVATOTNTA TPOCOUOLWCNG TOOO TOV KUKAWUATWY
000 KOl TOU KWOLKO TOU ULKPOEAEYKTH).

Mot TNV MPOCOUOIWaoN TWV CNUATWY YL TIG 0TPOdEG TOU KvNTAPO KAl ylo ToV alodntipa
Hall xpnowormnowbnkav yevwntpleg maApwy, oL omoie¢ aAAalovtag TNV cuxVOTNTA TWV TIOAUWV
YyWOTOV TPOCOoUOoiwon Twv HeTaBAntwy. MNa tov atontripa Beppokpaciag pio mnyr tTaong 0mou
oAAagovtag TNV T NG AAAale n T tng LCD 080vng kat ywotav €AeyX0G TOU QTOTEAECUATOG.
Mo tnv mpocopoiwon Tou awodntipa otabung KAuciuou oxXeSLACTNKE O SLALPETNG TAONG KAl UE
KOTAAANAN €AoYy QVTIOTACEWV MPooopolwdnke n Aswtoupyia tou. TEAOG, Yl TOV UTIOAOYLOMO
NG OX€0NG OTO KIPWTLO TAXUTATWVY TomoBetnBnkav buttons Kal TO MOTEVOLOUETPO KAl KATA TNV
Tipocopoiwon Tou cuoTAUATOG AAAAIOVTAG TG KATOOTACELS TOUG YvOTAV EAEYXOG yLa TV CWOTH
Aettoupyia tou.

Mapokdatw mapatiBevtal OTyULOTUTIAL OO TNV TIPOCOUOIWaoN TOU CGUOTAHUATOG otoug SUo

HULKPOEAEKTEC EEXWPLOTA LE TIG EKAOTOTE AELTOUPYLEG TOU KABEVAG.
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9. Kataokeun tn¢ mAakérac kat oxédia PCB

META TO MEPAG TOU OXESLOOUOU KAl TNG TTPOCOUOiwaoNG, OAd Ta KUKAWUATA SOKLUACTNKAV
oe breadboard ywa tnv ocwotr) Asttoupyia Toug. ETELTO, TTPOXWPNOOUE OTNV KATAOKEUN TOU OfF
Swatpntn mAakéta. lMa T ouvbéoelg xpnowwomouiOnkav koAwdia 28 AWG SladopeTikwyv
XPWHATWV Kol oL KOAANCELG £ylvav e KOAANTAPL KOl KOAAL.

To KUKAWMO TPOoP0odooiag TOU CUCTHHOTOC QMOTEAEITAL QMO TPEL OTAOEPOTMOLNTEG TAONG
LM7805, oL omoiot &€xovtal cav €lcodo TNV TAON TNG Umatapiog tou povoBeoiou (12V) kot
napéxouv 5V yua v tpododooia Twv Suo pikpoeleyktwy Kot TNG LCD 006vng. Ot UIKPOEAEYKTEG
tonoBetnOnkav oe el6ka socket wote va pmopolV va adalpolvtal €UKOAA Kol va
npoypappatifovrat. Na ta led xpnowpomnowiBnkav avtiotdoelg 3300hm yla Tov EPLOPLOUO TOU
PeLUATOC OMWG £MiONG KAl €va MOTEVOLOPETpo 10KOhm yla tnv puBuon ¢ GWTEWVOTNTOG TNG
0006vng. TEAOG, KATAOKEUAOTNKE  €va QAOUMLVEVIO KOUTL TpooTaciag tng TAAKETOG Kol

TonoBetnOnkav connectors DB-44 yia tnv €000 kal TNV £€060 TWV CNUATWV.

JTNV CUVEXELO OTIWG NTAV HECA OTOUG OTOXOUG TNG gpyaciog éylve oxedlaon tou mpotumou
™G mAakétag oe PCB (Printed Circuit Board). Autd kpiBnke amoapaitnto UoTepa amd KATIOLEG
00otabelec Mou mapatnpenOnkav Katd tn SLApKeELD TNG ASITOUPYLOG TNC OTO SLAYWVIOUO, OTWE
OpPKETOC B6puPog otn peTAdoon ToUu CAUOTOC OAAG ETUTAEOV KOl HEPLKEG EMAVEKKIVAOELS TOU
ouotAuatog. Etol xpnowlomowwviag To npoypaupa Eagle oxedldotnke €k véou n TIAAKETA O€
nopdrn PCB omou yla Adyoug epyovouiag Kat HeANOVTIKNG eUeALElag xwplotnke o€ SUO UIKPOTEPQ
uépn. Ta dU0 autd pépn lval auTOVOUO HETAEY TOUG AAA ETILKOLVWVOUV YLOL TOV UTTOAOYLOMO Kol
QTEKOVLION TWV AMOTEAECUATWY. H peyaAutepn emipavela TNG KAAUTITETAL A0 OTPWHA YELWONG
avapeca otoug StavAoug yla tv anoduyn tTwv BopUuPwv mou mpoavadEépdnkav. H gAdylotn
anootacn HeTafl AUTWV OTIWCE EMIONC KAl TO EAAXLOTO TAX0C TwV SLaUAwyv opiotnkav ta 10 mils.

MNapatiBevtal elkOVeC amod ta oXESL OTou eATII{OUE CUVTOUQ VO TIPOXWPNOOULE OE KOTOLOKEUT).
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TNV MPWTIN €lkOvVa BAEMOUUE TO €va amd Ta SU0 Koppatia Tou oxediou Omou pe SladopeTkod

Xpwpa arnelkoviovral ta dStadpopetika otpwupata(layers) ota omola Bpiokovtat ot SlavAot:

Kat otnv enopevn elkova BAEMOUUE TO SEUTEPO KOUUATL TTOU OXESLAOTNKE KoL QTTELKOVIIETAL PE UE

UTTAE XpWHOA N OTPWON TNG YElwoNC, TO omolo GUCIKA UTIAPXEL KoL OTLC SU0 TIAAKETEG.

46



AkoAouBoUv ekoveg amd tnv SLadlkaoia KATOOKEUNC Kal TNV TOMoBETNON TOU CUCTHUATOC OTO

HovoBéato.
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10. Mpoornrtikég BeAtiwon¢ Tov ocuoTHUATOC

To oUOTNUA TIOU TIOPOUGCLACTNKE, OMwG KABe cuotnua, €xel TeplBwpla €EAENG KoL
BeAtiwong. Kamoleg amo auteg TG BeATiwoelg mou Ba pnopovoayv Kal Ba embupovoape va yivouv

elval oL mapakATW:

A Yhomoinon twv PCB oxebiwv

A MpooBnkn emmAéwv awBntipwv yla kataypadn mneplocotépwv Sedopévwv mou Ba
BonBriostL kal AAAou¢ emPEPOUG €€l0OU ONUAVTIKOUG TOUEL TTAVW OTO QUTOKIVNTO, OTWG
elval n avaptnon kot to mAaiclo

A TomoBétnon kaptag SD yia kataypadn OAwv Twv HETABANTWV KABE XPOVIKN OTLYUN yla
TIEPALTEPW AVAAUCN OTO EPYAOTNPLO Kal e€aywyn 6€60UEVWV KAl OTATLOTIKWVY

A Eméktaon kal xprion TnAepetplag 0mou Ba eMITPEMEL O MPAYUATIKO XPOVO TNV Kataypadn
Sebopévwy amod TIg SoKLUEG Tou povoBeoiou otnv Tiota, O0mou éykeltal va BonbnosL otnv

enutAéov avamntuén kat BeAtiwon Twv SuVATOTATWYV ToU.
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11.EniAoyog

Ev katakAeidt, n ouppetoxn otnv opada Formula Student, Centaurus Racing Team kal n
EVAOXOANON LLE TO NAEKTPOAOYLKO KOl NAEKTPOVIKO TUAUA, UTNPEav Evauopa yla TNV MEAETN Kal
TNV KOTOOKEUN TOU &V AOYyw ouothuoto¢. Kabwg n epyacio kwvrbnke ota mAaiolwa Tou
Mavemiotnuiou, €ywve mpoomnabela yia TNV enitevén vPnAol emMESOU AMOTEAECUATOC AAAA 60O
to duvatov xapnAdtepou KOOTOUG KaTAOKeUNG. H ulomoinon tou amodeixBnke eféxouvoag
onuaciag yla tv owaotr Asttoupyia tou povoBeciou kat tTnv aAAnAemibpaor) Tou pe Tov 06nyo,
KaBw¢ n mponyoupevn €kdoon tou povoBeciou Sev SLEDeTE KAMOLO TMPONYOUREVO CUGTNHA
mAnpodOpNOoNG yLA TIG TTOPAUETPOUC TOU KIvNTHPO. H yvwon Kot n LEAETN TWV TAPOUETPWY AUTWV
Katd tnv SLdpKeLla TNG pUBULONG KOl TwV SOKIUWVY Tou oxNUatog, BeAtiwoe OxL HOVO TNV TEXVLKN
Tou odnyou, TNV Lkavotnta tn¢ MPOPAePNC KAl TNC AUESNG ATIOKPLONG 0TI CUVONKEG EVOC aywva,
oAAG Kol TNV Snuoupyla evog Topéa Omou pakponpoBeopa Ba Bonbrnosl otnv ouvoAlkn €EEALEN
TOU 0XNUATOG.H epyacia mapoucLACTNKE OTOUG KPLTEC , OTA TTAALOLA TOU TTAYKOOULOU SLoywVIoHOoU
™G Ouyyaplag, 6mou améomnaoe MOAU KOAR KPLTIKA KAl BeTIKA oXOALQ.

QoT000, UTIAPXOUV QKOUN TIPOOTITIKEC BeATiwoNG OMwG avadEPONKe EKTEVWC MOPATIAVW
Kol TpooSOKOUE OTNV eMiteUEn evog BEATIOTOU Suvatou amoteAEoUATOC Kal TV EEALEN TOOO TOU
OUCTHAHOTOG 600 KAl TWV MPOCWIIKWY MOC YVWOEWY, O€ CUVEPYACLO TAVTA UE TOUG apuodloug

KaBnyntég Kot Ta LEAN the opadac.
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