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ABSTRACT

TITLE : STUDY AND DEVELOPMENT OF FUEL INJECTION SYSTEM FOR
SAVING FUEL CONSUMTION IN A MOTORCYCLE

BY : DEJCHART CHERDCHAI
DEGREE : MASTER OF ENGINEERING
MAJOR : ELECTRICAL ENGINEERING
CHAIR : ASSOC.PROF.UTHAI SOOKSING

KEYWORDS : FUEL-INJECTED MOTORCYCLE SYSTEM: ENGINE CONTROL
MODULE: PROGRAMMED-FUEL INJECTION

This research investigated the development of an economic fuel-injected motorcycle
system that could be programmed. The study designed a controller circuit and installed it in the
Programmed-Fuel Injection (PGM-FI) system. This controller circuit received output from the
Engine Control Module (ECM) and from the detector (Sensor Unit) which were the input to the
controller circuit. This input was processed by a program in the controller circuit that reduced oil
consumption. The study created a controller circuit which worked with the ECM in the PGM-FI
system. Results showed that on starting the engines, performances were the same but fuel
consumption was less in the engine with the controller circuit. Tests involving two engines, one
with the controller circuit and one without, over a distance of 10 kilometers performed six times,
showed a reduction of 33% in fuel consumption for the engine with the controller circuit but an

accompanying reduction in engine power.
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TRISB=0;
Start ADCON1=0x80;
TRISA=0xFF;

Loop:
Portb.f0=1;

TP=adc_read(0)

A IfTTP<100) { goto Loop:T]

[ Sub ( Save me &olo Sub(Save Fuel); ‘I

i lnputY ; Y=adc_read(3)

Loopl:
4
Y=1 No MY<IW)(golo Loop;} 1
Yes
Portb.f0=1;
Open Injector (T) ’ Delay ms(T);

Portb.f0=0;

Off Injector

Y=adc_read(3)

IflY>100) | goto Loopl;} I

Portb.f0=1;
Goto loop;
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Sub(Save Fuel):

Loops:
Portb.fo=1;

Sub( Save Fuel

Loopsl:
TP = adc_read(0)/100;

If(TP=0) {goto loops: |

E(TP=I,TP>I) {T=2; retum;} l
I If (TP=2,TP>2) {T=3; rctum;} l

hf(TP=3.TP>3) {T=4; retum;} I

I If (TP=4,TP>4) {T=S; rctum;} ~,

Ilf(TP=S.TP>5) {T=6: retum;} l

I If (TP=8 TP>8) {T=7; rctum:} '

If (TP=10.TP>10) {T=8; retum:|
Goto Loopsl:

return
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Pic16F877 Data sheet

Microcontroller Core Features

* High performance RISC CPU

* Only 35 single word instructions to learn

* All single cycle instructions except for program

branches which are two cycle

* Operating speed: DC - 20 MHz clock input DC - 200 ns instruction cycles Up to 8K x 14 words
of FLASH Program Memory, Up to 368 x 8 bytes of Data Memory (RAM) Up to 256 x 8 bytes of
EEPROM Data Memory

* Pinout compatible to the PIC16C73B/74B/76/77

* Interrupt capability (up to 14 sources)

« Eight level deep hardware stack

» Direct, indirect and relative addressing modes

* Power-on Reset (POR)

» Power-up Timer (PWRT) and

Oscillator Start-up Timer (OST)

+ Watchdog Timer (WDT) with its own on-chip RC oscillator for reliable operation
* Programmable code protection

* Power saving SLEEP mode

* Selectable oscillator options

* Low power, high speed CMOS FLASH/EEPROM technology

* Fully static design

+ In-Circuit Serial Programming[ | (ICSP) via two pins

* Single 5V In-Circuit Serial Programming capability

* In-Circuit Debugging via two pins

* Processor read/write access to program

* Wide operating voltage range: 2.0V to 5.5V

* High Sink/Source Current: 25 mA

* Commercial, Industrial and Extended temperature ranges

* Low-power consumption:



- <0.6 mA typical @ 3V, 4 MHz

- 20 A typical @ 3V, 32 kHz

- <1 A typical standby current

Pin Diagram

PDIP
MCRvee — =[] 1 o 40 [] -—s RE7TPGD
RAD/AND - [ 2 39 [] = RBAPSC
RALANT -—e{]3 3% [] - R8s
RAVANINFEF. w—w[] 4 37 [] - RB4
RASANINFEFr =[] & 36 [] = RBIPGM
WMKIHCE' 35]‘—9 RE2
RAVANASS w—w [ 7 < % [] -—» RB1
REOGRDIANS -— ] & N~ 33[] -—e RBOANT
REVNRIANS =[] g ® o[-
REVCHANT =[] 10 ,': 31 [] - 33
V00— [T 11 E 30 [] -—e RD7PSP7
VSS e [J 12 ©  29[] e—s ROGPSPE
OSCHCLKIN ~—e= [T 13 ‘6 28 [ = RDSPSPS
OSCUCLKOUT - [ 14 & [ ROsesRy
RCOT10SOTICK! e [ 15 26 [] =——e RCTRXDT
RCHTIOSKCCP2 - [ 16 25 [] e—e RCETXCK
RCUCCPt w—w[] 17 22 [ =—e RCYSDO
RC¥SCIISCL =[] 18 23 [] = RC4/SDUSDA
MME 19 22]4—» ROIPSPS
RD1PSP1 - 2 21 [] -—e RD2PSED
Key Features
PICmicro™ Mid-Range
) PIC16F877
Reference
Manual (DS33023)
Operating Frequency DC - 20 MHz
POR, BOR
RESETS (and Delays)
(PWRT, OST)
FLASH Program Memory
8K
(14-bit words)
Data Memory (bytes) 368
EEPROM Data Memory 256
Interrupts. 14
I/0O Ports Ports A,B,C,D,E
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Timers 3

Capture/Compare/PWM Modules | 2

Serial Communications MSSP, USART

Parallel Communications PSP

10-bit Analog-to-Digital Module | 8 input channels

Instruction Set 35 instructions

ANALOG-TO-DIGITAL CONVERTER (A/D) MODULE

PCFG3: [ AN7™ | AN6(" | ANS™D | AN4 | AN3 | AN2 | ANT | ANO VRers | veer. | CHAW
PCFGO | RE2 | RE1 | REO | RAS | RA3 | RA2 | RA1 | RAO Refs?
0000 | A A A A A A A A VDD | Vss 8/0
0001 A A A A | VReF+ | A A A RA3 | Vss 711
0010 D D D A A A A A Voo Vss 5/0
0011 D D D A | VRer+ | A A A RA3 | Vss 4/
0100 D D D D A D A A Voo Vss 3/0
0101 D D D D | VrRer+ | D A A RA3 | Vss 1
011x (3] D D D D D D D . VDD Vss | . 0/0
1000 A A A A VREF+ | VREF- | A A RA3 | RA2 6/2
1001 D D A A A A A A voe | Vss 6/0
1010 D D A A | VReF+ | A A A RA3 | Vss 5/1
1011 D D A A VREF+ | VREF- A A RA3 RA2 472
1100 D D D A VREF+ | VREF- A A RA3 RA2 372
1101 D D O D VREF+ | VREF- A A RA3 RA2 212
1110 D D D D D D D A Voo | Vss /0
1111 D D D D VREF+ | VREF- | D A RA3 | RA2 12

A= Analog input D = Digital VO

TECHNICAL FEATURE Wave 110i
ABSOLUTE PRESSURE FUEL SUPPLY SYSTEM

The fuel delivery system consists of the following components: fuel tank, fuel suction filter,
fuel pump, internal pressure regulator, fuel feed hose and injector. This system is eruipped with
the absolute fuel pressure. There is no external fuel return hose or vacuum pressure regulator with
this system. The fuel pressure in the fuel delivery system is regulated by the internal pressure
regulator and always kept absolute; 294 kPa (3.0 kgf/cm2, 43 psi). The internal pressure regurator
returns the fuel by opening a valve when the fuel pressure increases more than 294 kPa (3.0

kgf/cm2, 43 psi). This system optimizes injection volume by the ECM control.



Fuel feed hose

(-{ Fuel tank ,L —

[ Pressure regurator

[Fuel suction filter]

g I

U:uel. injector |

INJECTOR

FUEL FEED HOSE

FUEL TANK
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PGM-FI SYSTEM LOCATION

IGNITION SWITCH BANK ANGLE SENSOR

/

o /

& INJECTOR / FUEL PUMP

i i

DATA LINK
CONNECTOR

SENSOR UNIT ~—
(MAP, IAT, TP SENSORS

IGNITION
PULSE GENERATOR
/ ALTERNATOR

EOT SENSOR GEAR POSITION ECM
SWITCH

REGULATOR/
RECTIFIER
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PGM-FI SYSTEM DIAGRAM

S TOTURN SIGNAL UGHT,
BRAKE LIGHTHORN

i

i2)
L.‘i‘. ® e

— 1

8)

|
2
&,,_
(101
=
¢ ECM i

j léi 3) [v1a)] [s)
(20}
18 é%
7n

6 7 @

D

1
(1) Ignition switch (13) Intake air temperature sensor (IAT
(2) Main fuse (15 A) sensor)
(3) Sub fuse (10 A) (14) Throttle position sensor (TP sensor)
(4) Battery (15) Manifold absolute pressure sensor (MAP
(5) Regulator/rectifire sensor)
(6) Fuel meter (16) Injector
(7) Malfunction indicator lamp (MIL) (17) Spark plug
(8) Neutral position indicator (18) Gear (neutral) position switch
(9) Bank angle sensor (19) Ignition pulse generator
(10) Data Link Connector (DLC) (20) Engine oil temperature sensor (EOT
(11) Fuel pump sensor)

(12) Ignition coil (21) Alternator charging coil



CHARGING SYSTEM DIAGRAM

IGNITION
SWITCH

ALTERNATOR

MAIN FUSE
15A

RY — N\ O—— R ——

i
H
H
i
T0 i

DIMMER
SWITCH

T

REGULATOR/
RECTIFIER

BATTERY

R: Red

Y: Yellow
G: Green
W: White

« ANF125/

12V 2.5AH
ANF125M/
12V 3.5AH

8IBu R RY RY Y w G i
i l f I ] i ALTERNATOR
TO ENGINE
by REGULATOR/
MODULE(ECM) RECTIFIER _J

CHARGING SYSTEM TROUBLESHOOTING
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CHARGING SYSTEM DIAGRAM

IGNITION
SWITCH

REGULATOR/

RECTIFIER
MAIN FUSE 15A

ALTERNATOR
BATTERY
MAIN FUSE
154
RY —ON\o—— R ———
R: Red
Y: Yellow
G: Green
W: White
f6 !
DIMMER = ANF125/
SWITCH 12V 2.5AH
ANF125M/
12V 3.5AH
8lBu R RY RY Y w G {
l : l i ; | ALTERNATOR ;1] o
TO ENGINE @ @
CONTROL REGULATOR/
MODULE(ECM) RECTIFIER BATTERY *

CHARGING SYSTEM TROUBLESHOOTING
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IGNITION SYSTEM DIAGRAM

IGNITION SWITCH IGNITION
coiL MAIN FUSE 15A

- / EcM  REGULATOR/RECTIFIER
SENSOR UNIT —
SPARK PLUG : \gﬁ /
| ‘
IGNITION
i PULSE EOTSENSOR  ALTERNATOR
GENERATOR
- BANK ANGLE SENSOR BATTERY
« ANF125/12V 2.5AH
MaN Fuse ANF125M/12V 3.5AH

RY —— O\ O— R 2}' ré"
| s ® of]
i BATTERY *
’ possiy |
| | .
| p— | -
RBu GO YR GC YR GrBulgY v \'NW R: Red
[ | T B | i Bl: Black
Bu: Blue
SENSOR P: Pink
ggz;&mts G: Green
T W White
IGNITION «eansensoai . e
SWITCH
-
) oo T
‘ H i
RY RY W R "—1* PBuBlBe Y Lg'Y GrBuYR GO RBu Y8y BuY Wy (3 WY BuY w
I N I | T T O O O | ! |
H
i
REGULATOR! ENGINE CONTROL MODULE i )
o RECTIRER (ECM) ‘i_
— IGNITION

PULSE - )
GENERATOR ALTERNATOR



ELECTRIC STARTER SYSTEM DIAGRAM

IGNITION
SWITCH

STARTER

STARTER
SWITCH

STARTER

MOTOR MAIN
FUSE 15A
BATTERY
R
IGNITION MAIN FUSE
SWITCH 15A
818u @\c ' O\o— R
G R RY G
|| o @
REGULATOR/ @ @
BATTERY
RECTIFIER 12V 36AH
STARTER
SWITCH
YR o G
- (M—
STARTER
MOTOR
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REGULATOR/RECTIFIER

R: Red
Y: Yellow
Bl: Black
Bu: Blue
W: White
G: Green
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ELECTRIC STARTER SYSTEM DIAGRAM

STARTER
SWITCH

REGULATOR/RECTIFIER

i
- STARTER
IGNITION
SWITCH
MOTOR MAIN
- FUSE 15A
-
-4 BATTERY
R
IGNITION MAIN FUSE
SWITCH 15A
88y oo o~\o— R
G R RY G R: Red
l i A ~ Y: Yeliow
STARTER Bl: Black
RELAY /) E REGULATOR? @ @ Bu: Blue
ST ? RECTIFIER BATTERY W: White
- 12v 3544 G: Green
STARTER
SWITCH
YR oo G
- M)
STARTER
7 MOTOR
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Air Cleaner Capacity

2.2 litters

Fuel Tank Capacity

3.7 litters

Fuel Consumption

56.7kn/1 (HUDC)

ELECTRICAL
SYSTEM

Ignition System

Computer-controlled digital transistorised with electronic

advance

Ignition Timing 10° BTDC (idle) ~ 62.3° BTDC (8,000min-1)
Sparkplug Type CPR6EA-9S
Battery Capacity 12V-3AH

Transmission Type

4-speed, rotary

Final drive Clip type 420 chain
Wheelbase 1227mm
Kerb Weight 99.1kg (F: 42.2kg; R: 56.9kg)
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