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INJECTION CONTROL MODULE FOR ETHANOL ENGINE

Kitsarin  Thomyabat
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ABSTRACT

In modern day, most engines and automobiles are using imported fuel; consequently, they are
generating a huge deficit in Thailand’s balance of payment as fuel prices have been surging up
continually. The best way to solve this problem is to find an alternative to imported fuel. This project
is focusing on a designed microcontrofler unit (MCU) and on how it controls the injector. It was
found that ethanol used nowadays must be modified its A/F Ratio. The result also shows that
modifying ECU in order to lengthen its injection period is optimum. The programmed MCU (PIC
16F877A) can vary the injection period of gasoline fuel of any A/F ratio by receiving two signals
(TPS signal, Original Injection signal) and afterward redirecting to the injection module; as a resuit,
the consuming rate of gasoline was increased by 6.875% at 6000 rpm and The consuming rate of
gasohol E20 was decreased by 5.23% at 6000 rpm but injection timing delay 0.3 ms in the injection

period,
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Viscosity@ 40 °C

Centipoise 0.5 1.45 0.83 0.46
Research Octane Number (RON) 92-98 - 107 106

Motor Octane Number (RON) 80-90 - g9 92
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- AUOFYANUUIRN AR IWATde 20 MHz
- wueanu Tdsunsw
8 fila3fm d i PIC 16F877A
- miranusivyausunsosvmans
368 lué d w3y PIC 16F877A
- VIAMUA LY ADENI O
& o o
256 tua @iy PIC 16F877A
P g o oam a1 o = ] J o o
- poyauBIunaiuted NI SAgIgats 15 unasiuiuesves
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- ud lvdeyalumiseanus Ibsunsudenszusuns ICD (In-circuit Debugger) KU
nosafios 2 1
- FRgannsesmnazdounianuii T sunsy 1R
SIidse 280455V
- NIEUATINIDL YT AUBINETA 25mA
- ms lmdsau i tunsd bidu Tnua
Joonh 2ma #IMiAse +5V unsFynILWINN 4MHz
200A AiBba +3V uATAYYUUINN 32 kHz
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founi1 1 uA tuTnuslszndandinunSeauauauiy
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- Tnwes 3 #1 Ao Tnwes 0 vue 8 fia TlSmnamesvua 8 Jaludd, Inwes
v 16 ta wieulSanames uazlnwed 2 vue 8 da IWSmnowes, Inad
MNomeT UBYSSAABI AT (Period register) VUIA 8 UATuAD
- fiTuga ccp 2 g Taodaursnduduauvioumlives (Capture) Huna 16 Ta
- ANVBKBIAYITA 12.5 W1 TuIum dunfSsuifeudyg e (Compare)
HuIR 16 U
- ANUASIBOAZITA200 U1 THTUIN 2995 PWM fianunziBuagaga 10 1ia
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2.7 Configuration word
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Configuration word Luu1A 14 Un Nuoa@saegn 0x2007 A3li5100LB0AV0INS
o 3t v oA 4 ~
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VeI
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2.8 ITnuadganannim
PIC 16F877A4  wwsnifien Inuavesdgrauifnuiedmuasimazaisinm
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1. Tvua Lp WiuaSanoaniomsiin Tanunesanudian 32 kHz-200 kHz

2. Twua XT Wdunsanaaniomsiins lanusefnnudiuasgiu 200 kiz - 4MHz

1. Tnun HS MWfunsaneanfomsiins Trunosniuige aMHz-20MHz
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mhﬂiﬁﬁmmmﬁﬂmﬁmmmmﬁﬂﬂuiﬂuﬂf’:‘lﬁﬁmuﬂm'lﬂ'lﬁmhqi'nmu iivanindes
Avruideddssneufiannrandousa R luvenwafindn Tiheziuiveausadu
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P Nud Ty RN mdndesnnasglnz-7
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- o = i:’n o
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= Ca- ['d o o
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oo [ o
s. 1eavaen Inweindtlvasiau iy Tmuaadl
1 » ] ¥
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Speed Power | Torque Speed bsfc

(rpm) (kW) (Nm) | (km/hr) | (g/kW-hr)
3140 2 45.66 40 387
4471 2.8 44.89 60 413.6
5938 34 41.05 80 480
7390 29 28.13 100 687
8797 1.1 8.96 120 1996.4
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Speed Power | Torque Speed bsfc

(rpm) (kW) (Nm) | (km/hr) | (gkW-hr)
3199 2 44.82 40 411
4453 2.8 45.07 60 428.6
5938 34 41.05 80 482.3
7376 3 2915 100 670
8792 1.2 8.78 120 1885

v :l = o I3
4.4.13 wamsnaasdlaglyi¥amaanialsasaE20
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A19194N 4-3 Naﬂ"liﬂﬂfmdﬂ"lﬁﬂ"llﬂ\ﬂﬂ‘iE)\itluﬂIﬂU1‘HL‘ﬁ'€ILWﬁ\1HﬂﬁI‘HﬂﬂﬂE20

Speed Power | Torque Speed bsfc
(rpm) (kW) (Nm) | (km/hr) | (g/kW-hr)
34 1.9 43.74 40 334.3
4449 2.7 435 60 428.2
5930 32 38.68 80 510
7382 29 28.16 100 686.9
8778 1.2 9.8 120 1935
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m$137 4-5 womInanesnuam leidoveunieoud lavlf¥emawna TuseaE1o

Speed

(rpm) CO(%vol) | COx(%vol) HC (ppm vol) 0%vol)
1560 0.05 1.6 50 18.2
1780 0.7 4.4 35 13.7
1860 1.62 3.6 43 14.3

ar X Y
4.4.1.6 nomsnaaedialeduinelsivemawmialygedE2o

a Y A o W 4' - o o
A1519N 4-6 KanInaapagun leifovesniesoud lnldiFemaune laeodaE20

Speed
(rpm) CO(%vol) | COz(%vol) HC (ppm vol) O(%vol)
1820 0.19 22 10 17.3
1850 1.31 4.1 39 13.7
1850 0.7 7.4 35 13.7
4.4.1.7 A1 Brake mean effective pressure umsn‘?amuﬁ'ﬁ“ia'li’:éamﬁauﬁ
azyia

[] . é » =
M1519% 4-7 Brake mean effective pressure ¥0UA500UA It 1FiFomdwufa Tady

Speed BMEP
(rpm) (kPa)
4000 624
5000 576
6000 544
7000 439
8000 276
9000 138.6
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1] ) ¥
A13149 4-8 Brake mean effective pressure‘llﬂdlﬂgﬂwuﬂ’ Tanl4 liﬂmﬁﬂuﬁﬂ TwandEL0

Spoed BMEP
(rpm) (kPa)
4000 616

5000 582.4
6000 538.7
7000 434.3
8000 284

9000 145.8

i A d o
13147 4-9 Brake mean effective pressure vounTesun lnslfiFemauna TesedE20

Speed BMEP
(rpm) (kPa)
4000 624
5000 585.6
6000 544
7000 439
8000 264
9000 139
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Speed Power | Torque | Speed bsfc

(rpm) (kW) (Nm) | (km/hr) | (g/kW-hr)
3057 22 51.59 40 402
4463 2.8 44.97 60 421.3
5938 3.7 44 68 80 454.7
7376 3.1 30.13 100 665
8792 1.6 13.04 120 1826

E o g
4.4.2.3 HamInaaeslaeliwemduialesedE2o
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Huginsaltliuszezinninisia)

L 1 »
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Speed Power | Torque | Speed bsfe
(rpm) kW) (Nm) | (km/hr) | (g/kW-hr)
3225 2 44.46 40 365.8
4615 2.6 40.38 60 445.23
6250 3.6 41.29 BO 483.3
7648 3.2 29.99 100 666
8796 1.4 11.41 120 1818
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MIRNA
Speed
(pm) | CO(%vel) | CO%vol) | HC(ppm vol} | O%voi}
1860 1.1 4.1 49 15.7

30

4 1 a 4’ - -] o o A v o jo -
m11197 4-15 a1 laideuoudovdauia leaoaE20 @uniiledy plnsaidfussuznainsfia

Speed
(rpm) | CO(%vol) | COA%vol) | HC{ppm vol} | O%vol)
1850 1.5 8.8 37 14.4

1 . a T =
4.4.2.5 A1 Brake mean effective pressure YO IAITBIWUALIBIVINOMES

uAaviialaginseniuizeznaimsia)

- . & n‘T & oo -
A3 T 4- 16 Brake mean effective pressure YOUATBIVUA avldFomdnnaleiu

Speed BMEP
(rpm) (kPa)
3140 673.35
4471 623.36
5938 598.84
7390 390.14
8797 163.87

] i A 4 =3
A13197 4- 17Brake mean effective pressure¥0AT 038uA Ias 1 FomAauie TeandEL0

Speed BMEP
(rpm) (kPa)
3057 691.6
4463 602.95
5938 598.84
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et aiSouvumneld lulaneuinsneiannsoSuszoznmmInala

#include <16F877A.h>

#fuses NOWDT,HS, NOPUT, NOPROTECT, NODEBUG, NOBROWNOUT, NOLVP,
NOCPD, NOWRT

#use delay(clock=20000000)

#include <stdlib.h>

#1fit#use rs232(band=9600, xmit=PIN_C6, rcv=PIN_C7) // Serial port

BOOLEAN hookrise=true;

int flow_ms;

int16 tps;

float tps2;

unsigned int32 get,rpm,count;

unsigned int32 const columb_rpm|]=
{60000,240,120,80,60,48,40,34,30,27,24 22 20,18,17,16,15,14,13,12,11};

float const row_tps[}] ={0,0.901,1.302,1.703,2.104,2.505,2.906,3.307,3.708,4.109,4.51};

int const flow_time[11]{21]={
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56 , 56, 56, 54, 51,47, 43, 40, 35, 33, 31, 29, 28, 24, 23, 22,21, 19, 17, 15, 13,

56 , 56,56, 54, 51, 47, 43, 40, 35, 33, 31, 29, 28, 24, 23,2221, 19,17, 15, 13,

86, 86, 86, 81, 76, 70, 62, 55, 50, 48, 48, 48, 47, 46, 44, 41, 40, 39, 37, 36, 34,

100,100, 97,95, 90, 85, 80, 74, 67, 63, 61, 61, 58, 56, 53, 50, 45, 42, 40, 39, 38,

110.110, 108,106,104,100, 96, 91, 86, 83, 81, 80, 78, 72, 69, 66, 64, 62, 61, 60,

59,115,115,113,112,109,106,101, 99, 96, 96, 93, 91, 88, 85, 82, 79, 76, 75, 74,

73,71,116,116,114,113,109,104,101,100, 99, 98, 97, 95, 92, 91, 90, 86, 84, 82,

81, 80,79,117,117,115,114,110,105,101,101, 99, 99, 98, 97, 95, 95, 93, 92,

90, 89, 88, 87,

86,118,118,116,113,111,106,104,102,101,100,100,101,101,102,101,100, 96,

94,93,91, 91,

119,119,117,114,112,107,102,102,100,101,100,100,104,103,102, 99, 98, 94,
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93,93,92,
120,120,118,115,113,108,104,104,104,104,104,108,108,108,108,104,100, 97,
94,94, 92},
//1//*** count = overflow ***////
#int_Timerl
void Timerl_ISR(void)
{
count=count+1 ;
}
Hi*** cepl ***//ff
#int_ccpl
void ccpl_isr(void)
{
get = get_timerl() ;
rpm = (((get+(count*65535))*8*2)/10000);
count = 0;
set_timer1(0) ;

hookrise = true;

AT **  main function  *****/////

void main (void)

{
fi/**%%* cot port ADC **%*%/
set_tris_A(0x0E);
set_tris B(0x00);
setup_adc_ports(RAO0_ANALOG);
setup_adc(ADC_CLOCK_INTERNAL);
set_adc_channel(1);

//{/****% enable interrupt *****////
setup_timer 1(T1_INTERNAL|T1 DIV BY 8);

setup_ccpl(ccp_capture RE);



enable_interrupts(GLOBAL) ;
enable_interrupts (INT_TIMERI1);
enable_interrupts(INT_CCP1) ;
while{truze)
{
int j.k;
/%% set tps */
/% ** AN1 or RAl */
tps = read_adc();
tps2 = tps*(5.0/256);
#f * choose flow time by tps&rpm */
for(j=05<10:j++)
{
if{tps2>=row_tps{j)&&tps2<row_tps{j+1])
{
for(k=0;k<20;k++)
{
ifrpm<=columb_rpm|[k]&&rpm>columb_rpm[k+1])

break;

break:

}

//*** finish choose flow time */

flow_ms = flow_timel[j][k];
///*** output flow time *///

ifthookrise)

{

hookrise = false;

output_high(PIN_B3);
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for (j=0; j < 100; j++) {
delay us(flow_ms);
}
output_low(PIN_B3);
}
}
}

[/1{/*** count = overflow ***////
#int_Timer]

void Timerl ISR{(void)

{

count=count+] ;

/j{**% ccpl *a%//f/
#int_ccpl

void ccpl_isr(void)
{

get = get_timer](} ;

pm = (((get+H{count*65535))*8*2)/10000);
count = (;

set_timerl(0) ;

hookrise = true;
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