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Blectronic Fuel Injection system 
re en Sun a re ee. rn a ET engen a en iy e nn re ee 

it 

This electronic fuel injection system takes the place of conventional 
earburettors and provides an electronically controlled fuel/air mixture 
to the engine. The system operates on the principle of continuous 
direct air flow to determine the correct fuel/air mixture. 

Sensors in this system continually monitor engine speed and temperature, 
and intake air flow and temperature. This information is sent to the 
alectronic control unit, which process these signals and determine the 

— 

fuel requirements of the engine. 

The control unit then generates an electric signal which is sent to the 
fuel injection valves. The electro-magnetic injection valves open and 
inject the exact amount of fuel needed in Front of the intake valves. 

The injection valve nozzles are designed to deliver a finely atomized 
fuel charge, which promotes even and complete combustion. 
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The electronic system consists of the following basic components, air 
intake systen, fuel delivery system and electronic control systen. 

The air intake system works as followers, incoming air charge passes 

through the air cleaner to the air flow meter. This is where the air 
flow rate and temperature are measured. The air then goes to the surge 
tank where it is distributed to the four intake ducts. "A cthrortle valve 
in each intake ducts controls the air flow to each cylinder. 

The surge tank has two functions. The first is to reduce the influence : 

of air flow pulsation on the air flow meter, and the second is to 
distribute the incoming air to each cylinder. 

There is a separate throttle valve for each cylinaer, and they must be 
synchronized just as on a normally carburetted engine. 

Electrical signals are sent to the control unit from various sensors, 

engine speed is picked up at the ground sides of the primary windings 
of the ignition coils. Air flow rate which Is measured by the air flow 
meter, start signal is picked up at the positive side of tne starter 

relay. The throttle valve shaft has a switch which signals the idle 
position and the full load position of the throttle valves. Engine 
temperature is picked up by the engine temperature sensor on the cylinder 
head. Air temperature is picked up by a sensor built into the air LlowW. 
meter. | | | 

The control unit receives these signals as input data and processes them 
in accordance with a predetermined program. The control unit then 
computes the duration of fuel injection reguired to meet the needs of the 
engine, and sends a signal pulse to the injectors. Each fuel injector 

opens its valve according to the pulse received, and the correct amount 
of fuel is injected into each intake manifold. 5 

The major advantages of this "air flow sensitive" system is that the air 
flow is measured before it reaches the cylinders. This allows. the control 
unit to compute the proper amount of fuel before it is needed. 



Benefits of this system 1s:- 

a Driveabilit y: 
Ten ein en L BT 

The system provides superior cold start performance with virtually 
no throttle lag or hesitation. Accelerator pumps are not needed 
since the signal generated by the air flow meter precedes charging 
of the cylinders. Fuel/air mixture is always correct; throttle 

response is excellent. 
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b) Better Fuel Economy: 

System delivers the precise amount of fuel needed over the entire 
engine speed range. When compared to a normally carburetted engine 
of the same power output, the electronic system eqguippea engine 

delivers better. Luel economy. | ' ' 

c) Low Exhaust Emissions: 

Continuous maintenance of the correct fuel/air mixture over che 
entire engine speed and load range results in low exhaust emissions. 

Compared to carburetted engine designed to meet the same emission 

levels, an electronic system engine can be optimized Tor better 
performance, driveability, and fuel economy. 

d) Low Maintenance: 
L R L T o A Bun P T [ LT L T T T 

This system automatically takes into account and compensates for 

all changes occuring during the normal service life of the engine 

(cylinder/piston wear, combustion chamber deposits, valve clearance 

etc). The system always delivers the correct fuel/air mixture. 
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The fuel filter removes impurities from the fuel as it makes its way to the 

£uel pump, If the fuel was not in the system impurities would damage the 
pump and injectors. Periodic filter replacement is required. A 
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Fuel Pump 
- 
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The fuel pump is gravity fed and the pump is of a wet type. This means 
the fuel goes through the pump while lubricating and cooling the motors. 
The pump supplies pressurized fuel to the injectors, this is done by the 
roller cell mechanism pushes fuel through a reduced outlet diameter. The 

pump rate is 2 litre per minute or between 120-140 litre per hour. The 
' pressure in this part of the circuit to injectors and regulator is 2.55kg 
(33psi approximately). 
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FUEL INJECTION SYSTEM 
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is contained in the tank and has an inlet and outlet for the Luel 

to recurn via the fuel bus the ınlet which allows excess fuel 
N under. -olled by a check valve. The check valve operates 

allows fuel to pass one way only. 

to Flow. 
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tne ruel has left the täfk it 

From the fuel tank to the 

flows down the hose to the fuel fi liter and 

zuel pump». 
2 I 

inlet of the fuel pump, 

part of the circuit is of low pressure. u 

ıin the pump is then PREARE TArungn the outlet onto the injector feed 

Any excess fuel that is not required goes onto the pressure regulator. 

The zequlator controls the - quantity of Luel to be fed back into the tank. 
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Pressure regulator: controls pressure in 
fuel line. 

L 

Fuel filter: rewoves impurities from fuel. 

Fuel pump: draws fuel from tank and 
delivers pressurised fuel to 

fuel line. | 

Intectors: inject atomised fuel against 
inlet valves upon signal from 

control unit. 

Throttle valve syitch: is located on one 

end of throttlie valve snaft, 

and signal idle and full~load 

positions cf throttle valves to. 

» control unit. | 

Throttle valves: . control rate of air flow 
drawi into engine. 

Cyiinder head terperature sensor: signal 
engine temperature to control 

unit. 
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Air flow meter: measures rate of air flow dran 
| " jnto engine, and signals controi 

unit; contains air temperature 

sensor and fuel pump centacis. 

Relay: controls power supply to fuel pump and 
control unit. 

Control unit: receives various signals from 
sensors, and computes and controls 

opening time of injecicrs. 

Bir temperature sensor: measures temperature CX 
air flowing through air flow meter, 

and signals cortrol unit. 

Ignition coil. 
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Timing rouvox. 
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igital 1 Tlfl] Injection System 
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This system is a new electronic fuel injection system that has been 
developed by advanced Kawasaki technology and uses a more advance 
digital micro computer. The D.F.I. system features that a single micro 

m 

computer in the control unit controlling both the quantity of injected 
fuel and the fuel pump operation. The sensors send signals that show 

environment and engine operating conditions to the computer. The 
computer processes these signals following the control programs ın the 

memory and determines the optimum quantity of injected fuel. At the 

same time the computer judges whether the pump continues to run or not 

and stops the pump if the pump operation is not required. The D.F.I. 

system had advantages over the electronic system with smoother throttle 

response, reduced intake resistance and simplified configuration. 

Operation of Component Parts 
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The throttle sensor is installed on the throttle valve assembly. The 

sensor has potentionmeter in it and provides the throttle-valve- opening 

angle information by altering the output voltage. The sensor needs no 

adiustment unless it is removed from the throttle valve (4 cylinder) tor 
replacement or unless its po osition is altered by loosening the sensor 

SCIEWS . 
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one is a main relay to control power sunp!y 

to the control: unit, and other a pump relay to control power supply to ihe fuel pump. 

Main/Pump Relay | 

Two relays are contained In a single case; 

Main/Pump Relay 

mn Relay Drive 
- du: 
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ywer Supply 
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Main Relay 

(Battery Positive Lead, 

Battery Terminal in C.UÜ.) 

(Ignition Switch} 

[Pump Ground Lead, 

Ground Terminal | in C.U.) 

(same 25 88z) 

[Starter Butto N) 

N nn 85 

¥ 

Pump Relay 

i .I 

05. ee, , — — — — — . — — = — = — — os 

i L] 

| 

IC m ee er) SC (Pump Power Supply Lead) 

| 

"OU, means control unit, 

% starte r motor 18 

The fuel-air mixture is enriched durin g the to} lowing two 

In USE, 
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Micro Computer 
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Start Signa: 
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Cold Start Enrichment 
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After start enrienment: The after start enrichment bigi 
| f 

ing two conditions are satistied, and continues tor a while: 

e\\/hen ine engine is cold, 
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.4 o\When tha starter button, is first turned öff after the ignition switen Is turneg on, 

After Stz 

Enrichment 
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Engine Temperature 

Afier Start Enrichment 
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Warm-up enrichment: The Tuel- air mixture is enriched during the following two 
i 

conditions are satisfied: -p
a 

sWhen the engine Is cold, 

o\When the engine is running. (not cranked over). 
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Warm-Up Enrichment 

C
h

r
ic

h
m

e
n

t 
F
a

c
to

r
 

Engine Temperature 

Aceeleration enriehment: The acceleration enrichment begins at the instance the 

following two conditions are satisfied, and continues for a while: 

cWhen the engine ıs hi. 
e\When the throttle opening speed (g uantity of opening angle Increase au ıring a unit uime 

interval) becomes greater than a predeterminad level. = : 

Acceleration = " - - - Accelration Enrichment 

Enrichiment - _ - Duration Time 
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Engine Temperature a Eu | Engine Temperature 
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Acceleration Enrichment Zone 
u 

Throttle Opening Angle 

. Fuel cut: Fuel injection is stopped during the following two conditions are satisfied: 

oWhnen the engine is warmed up 

e\üfhen the combination of the throttle valve opening angle and the engine speed satisfics 

ie S, i} L. s o ; 

Fuet Cut Zone 

Fue! Cut G & 

G, 

| 

Throtile Opening Ängle 
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- Altitude compensation: The higher the motorcysie goes up, t the thinner the air 

becomes because of lower atmospheric pressure, This causes a relatively richer tuel- air 

mixture at high altitude. To compensate for change ss in air pressure, the pressure sensor 
in the control unit menitors the atmospheric pressure, . The result is better engine 

formance, fewer fuel consumption, and ı ıewer emissions at hiah altitudes. 

E Rk 

Altitude Compensation 
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760 mm Hg 

Atmoseharie Pressure 

Air temperature compensation: The air.density denends also on the air temperature, 

The change in zir density caused by chat ng2 in alr temperature is compensat ted for by 

monitoring the intake air tempers ature. 
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Air Temperature Cornnensatio! 
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Ambient Temparature 



Injectors 
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solenoid is energized. 

are of a solenoid-operated-valve type, and inject. the fuel when 
Both valve opening time and tuel pressure 

amount of injected - fuel. Fine atomization of the fuel charge 

is achieved through the design of the injector nozzle. The result from the 
injector is a very homogenous fuel/air mixture which promotes even burning 

and more complete combustion. 

cranksha! 

each cylinder combust] 

50% 

Pressure Regula 

the 

centimeter). 

‚controlled by changing the valve opening time of injectors. 

a = T e T L AT 

- 

Fuel injection occurs once very 360° of 

cycle. 

ft rotation, which means that the injectors inject fuel twice for 
on 

of fuel required for one complete combustion cycle. 

In other words one fuel injection supplies 

0.4 on 1 

Sotenoid 

The overflow-type pressure regulator keeps the pressure difference between 
fuel line and the intake manifold constant (2.55 kilograms per sduare 

the amount of fuel injected from the injectors iS 
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THROTTLE SENSOR 
a TE EHER T 

Brushes 

" Ta 7 A 
sarbon Film X 

II ır | - Ground — 
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Ground Terminai— | Voltage Source Terminal 

Output Terminal 

Throttle Sensor Output 
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0 10 50 409 

- T 

ihrottle Opening Angle {deg.) 



* Control Unit 

Control Unit Internal Gh euit 
The control unit consists of the major circuits shown. 

" Function of Each Circuit _ _ 

Power supply circuit: The battery voltage changes as the electrical loads ¢ change and 

the battery charge onaior changes. The power supply circuit changes the electric 
current from the baitery to stable 5-volt and 8-volt currents, and supplies either of the 

currents to each circuit. 

- Wave shape circuit: Engine speed signals sent from the en coils contain various 

noises in them. The wave shape circuit rernoves these noises frorn signals, and change the 

shape of signals into are stangle. 

gr slog-to- ‚dich tal (A/D) converter; The A/D converter translates continuous analog 5 
signals Into broportiona| discrete digital si ignals, 

: Micro computer! The micro computer is a brain of the Drisys tem, and h as following 
iwo control tungtions— _ ' B 

¢To determine the amount of fuel injected from the injectors, 

AN informations ihat show the engine running conditions are sent 10 the micro 

computer. The computer processes ‚ synthetically these informations according to ine 
programs stored in tne memory and calceulates an optimum amount of Tuel 1o be injcoted 
for the engine condition at the time. | 

oe To control fuel pump operat tion, 

The comnuter controls the pump operation through the pump relay so that it works 
only under the following conditions: 

ur (1) For about 5 seconds alter the ionition dere | is turned on. 
{2) When the starter motor Is In use, o 

(3 | When the engine is running. 

Injector driver circuit: The injector driver circuit supplies injector opening puises 10 

the injectors at the computer command. 

Pump relay driver circuit: The pump relay driver eireuit supplies pump relay driving | 

current to the relay io control pump operation, 

ur, . 
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Starter button: The voltage of the starter-relay positive lead jumps up to the battery 

B
R

 

voltage when the starter button is pushed on to crank over the engine, This voltage 

hecomßss start signal. 

Start Signal Gireuit | IS o _ . . 

lgnition Starter. _ _ B _ _ u 

Switch Bution | | | E s T 

i 

o 
1Micro ! 

"Computer 

RESET 

Starisr 

Motor 

7777 a HT 1777 

| | . u... . . | En 4 ___‘ . } En 23 
Ionition switch: When the ianition switch Is turned on, the battery power reaches the 

power sunp!y terminal in the contro! unit. This power surge becomes Ignition-on signal, 

i 
Ei 



Air temperature sensor: The air temperature sensor is installed on the air duct 
beiween ihe air cleaner housing and the BaR tank. Its appearance differs from that of 

the engine temperature sensor, but the sensor resistance and the sensor circuit are the 

same as that GT the engine temper aliire ens&, - ' | 

Battery voltage pic erupt The ba ttery voitage is picked up at the battery positive e lead. 

Battery Voltage Pickup Circuit 
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ı Atmospheric pressure sensor: The atmospheric pressure sensor is built in the control 

the outside, A semiconductor pressure sensor coverts exerted 

pressure Into the electric signal. The output voltage of the sensor is sent to the A/D 
& 

\analog-to<ligita |) converter after amplified. 



Engina speed pickup: Engine aed is picked up at the ground sides of the primary 

windings of the ignition calls, Two pulses per crankshaft revolution are sent 10 the 
control unit, 

Engine Speed Pickup Gircun 
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Engine temperature Sensor: The engine temperature sensor is INS zalten on the 
cylinder head. 108 elertrical resistance of the thermistor in the sensor ¢ decreases as the 
temperature INGTeases 
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Control Unit Inputs and Quiputs 

ee A ee a ee ee ee ET D T A ET Be e T e i T ne ee me el S T L ET ee 

1. Ignition Coil {Engine speed) 
2. Throttle Sensor {Throitle opening angle) 

_3 Starter Button (Starter signal) 
SENSORS {ln put Signals) 4. Ignition Switch (Ionition ON sional) [x

 

Fe 5, Engine Temperature Sensor (Engine temperature) 

6. Air Temperature Sensor (Air tempe:ature) 

7. Atmospheric Pressure Sensor (Atmospheric pressure) 

8. Battery Positive Lead (Battery voltage) 
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2. Fuel Pump (Operation- run or stop} 
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