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Electronic Fuel Injection System

This clectronic fucl injecticn system takes the place of conventional
carburcttors and provides an elcectronically controlled fuel/air mixture
to the engine. The svstem operates on the principle of continuous
direct air flow to determine the correct fvel/air mixture.

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

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 de’iver a finely atomized
fuel charge, which pronotes even and complete combustion.

The electronic system consists of the following basic components, air
intake system, fuel delivery system and electronic control system.

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 goecs to the surge
tank where it is distributed to the four intake ducts. A throttle 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 alr flow pulsation on the air flow meter, and the second 1s to
distribute the incoming air to each cylinder.

There 1s a scparate throttle valve for cach cylinder, 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 1s picked up at the ground sides of the primary windings

of the ig¢gnition coils. Air flow rate which is measured by the air flow
meter, start signal 1s picked up at the pesitive side of the starter
relay. The throttle valve shaft has a switch which gignals the idle
position and the full load position of the throttle valves. Engine
temperaturce is picked up by the engine temperature sensor on the cylinder
head. Air temperature is picked up by a sensor built into the air flow
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 injcction required to meet the needs of the
engine, and sends a signal pulse to the injectors. Each fuel injector
opens 1ts valve according to the pulse received, and the correct amount
of fuel is injected into each intake manifold.

The major advantages of this "air flow sensitive" system is that the air-
flow 1is 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) Driveability:

The system provicdes superior cold start performance with virtually
no throttle lag or hesitaticn. Accelerator pumps are not neceded
since the signal generated by the air flow meter preccdes charging
of the cylindcrs. Fuel/air mixture 1s always correcl; throttle
response 1s cxcellent.

b) Betler Fuel Economy:

System delivers the prcacise amount of fuel needed over the entire
cnglne speed range. When compared to a normally carburetted engine
of the same power output, the electronic system eguipped engine
delivers better fucl economy.

¢) Low BExhaust Fmissions:

Continuous maintenance of the correct fuel/air mixture over tho
cntire engine specd and Joed range results in low exhaust emissions.
Comparced to carburctted angine designed to meet the same emission
levels, an electronic system engine can be optimized for better
performance, driveability, and fuel cconomy.

d) Low Maintenance:

This system automatically takes into account and compensates for
all changes occuring during the normal service life of the encine
(cylinder/piston wear, combustion chamber deposits, valve clearance
etce). The system always delivers the correct fuel/air mixturc.



Fuel Filter

The fuel filter removes impurities from the fuecl as it makes its way to the

fuel pump., Lf the fuvel was nob in the system impurities would damage the
5o 7dS - b it g

punp and injectors. Perlodic filter rceplacement is reguired.

From Tank

To Pump

~ Bottom

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 oullet diameter. The
pump ratoc 1s 2 litre per minute or belween 120-140 litre per hour. The
pressurc in this part of the circuit to injectors and regulator is 2.55kg
(33psi approximately).

Frosl Puim

1. Inlet

2. Rollers

3. Pemp Heosing
4. Punn Botor
5, Outlet



FULEL INJECTION SYSTEM

el is contained in the tank and has an inlet and outlet for the fuel to flow.

The outlet is via the [uel Lap the inlct which allows cxcess fuel to return to
the tank is controlled by a check valve. The check valve operates under
pressure and allows fuel to pass onc way only.

Once the fuel has left the tank it flows down the hose to the fuel filter and
then onto the fuel pump.  From the fuel tank to the inlet of the fuel pump,
this part of the circuit is of low pressure.

Fual 1n the pump 1s then pushed through the outlet onto the injector fead

Jine. Any excess fuel thal is not reguired goes onto the pressure regulator.
The regulator controls the quantity of fuel to be fed back into the tank.

~£min

-

(
O

N i

e 1 ;|
‘; )
A

I/-i‘l
Mles

b
i
)

Qe
\\K. ~

&

".

y
|

: ]
R i
-: ’ 's‘
G SN [
2 ( T
" [
3 i
3 Y
> l o
e , . ]
Pty Orrnsen [ [

i

ank G. Pump [

B0 Hose e Urossiize) o Dis

1
an 7. Hose (el Trossurs) 2 Fese (Low Prossine)
L

B Tose Doy Procane) 10.




nition Swiich

2]

REI POUU

feel Tank

-,

{

Cecmamre = B “/]['“—‘—’[ﬁ_q. ..1.';‘]

O

cr ey

)

i

f b

(U

ure regutator:
fuel line.
X ofilter:

rewoves impurities frem fucl.

Puel pup: drows fuel from tasmk and
delivers o sed fucl to

fucl live.
Yriastovs: injest
inlet v
centrel unit.

2L
a2l

(S8

located on ne

ssjechy in
cf{ thiottl: valve s
signal idie and full
sitions ¢f throwtle valwes
s ocontrol unit.

Throttle valw

‘.,

)

Throitle valves: control rate of adr flow

drewn into engine.

Cylinder head Lerperature sensor:  Signal
engine temperature to control
unit,

—— - s e —— .
R s-0me e e - — ——- SO
controls pressure in 8. Mr flow pater: mrecures rate of oivy flow 4

10.

1.

13.

)4.

Jnto eng
unic;
Sensor ar

, 2nd siunals contrct

Felay: coutrals power surply to funl pump

contrel unit.
Control unit: receives various signals frem
sensors,
opening tiue of

wtes énd controls

Lers.

£CASCY e
airy flewing
and sigrnals control

Alr terperatiure

lgnition coil.
IC iagnicter.,

Tining rolox.



Digital Tuel Injection System

This system is a new electronic fuel injection system that has been
developed by advanced Kawasakl technology and uses a more advance
digital micro computer. The D.F.J. system features that a single micro
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 in the
memory and determines the optimum quantity of ‘njected fuel. At the
same time the computer judges whether the pump continues to run or not
and stops the pump 1f the pump operation is not required. The D.F.T.
system had advantages over the electronic system with smoother throttle
response, reduced intake resistance and simplified configuration.

Operation of Component Parts

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
adjusgtment unless it is removed from the throttle valve (4 cylinder) for
replacement or unless 1its position is altered by loosening the sensor
screws.



Main/Pump Relay
Two relays are contained in a single case; one is a mein relay to control power supply

to the control unit, and other a pump relay to control power supply to the fuel pump.
Mein/Pump Relay

{Battery Positive Lead,
Battery Terminai in C.U.)
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INJECTION CORRECTION ITERMS
Cold stert enrichiment: The fuel-air mixture is cnriched during the following two
conditions are catisfizd: '
el the engine is cold.

c\'vhan the starter motor is in use,
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After start covichment: The after start enrichment biging at the instance the follow-
ing fwo conaitions are satistico, and continues for a while:
cWhen the encirm is cold.

e\hen the starter button is first turned cff after the ignition switch is turned on,
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Warrn-up enrichment: The fuel-air mixture is enriciied during the following two

conditions are satisfied:

eWhen the ensine is cold.

oWhen the enginz is running (not cranked over),

Warm-Up Enrichment

ariecnment Fzactor

s
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tngine Temperature

Hcezteration enrichmeznt: The acceleration enrichment begins at the instance the

following two condidions arc satislizd, snd continues

L}
cWhen e c-l';;;’l's: is coid,

{or a while:

oWien the throtile cpening sgeed (quantity of opening angle increasz during a unit time

interval) beecoings grezter than a predaterminead fevel,
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Acceleration Chirichment Zone
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Fuel cut: Fucl inlcction is stonped during the {ollowing two conditions are satisfied:
oWhen e engine Is warinzd up.
eWhen the conbination of the thirottle valve opening anale and the engine spead satisfics

the predetenningd conditions.,
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Altitude compensation: The higher the motorcycie goes up, the thinner the air
beeomes becsuse of lower aimospheric pressure, This causes a relatively richer fuel-air
mixture at hioh eltitede. To compencate for changes in air pressure, the pressure sensor
in thz control unit menitors the atmospheric pressure. The result is better engine

performance, fever fuel consurnption, and fewer emissions et hich altitudes.

Altitede Compensation

760 mm Hg

—<=

Atmospheric Prossare

Alr temparatere comnensation: The air density depends also on the air temperature,
The chenaz In zir dencsity caused by changa in air temiserature is compansated for by

monitormyg the intake air temnerature.

Air Tempereture Compensation
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Injectors

The injcctors are of & solenoid-operated-valve type, and inject the fuel when
the solcnold is encrgized. Both valve opening time and fuel pressure
influcnce the 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. “Fuel injection occurs once very 3600 of
crankshaft rotation, which means that the injectors inject fuel twice for
each cylinder combustion cycle. In other words one fuel injection supplies
50% of fuel reguired for one complete combusticn cycle.

7. Nozzle

2. Valve

3. Gore

%, Spring

b, Sclenoid

G, Fiectric Terming!
7. Filter

8. Fuct Hoss

Pressure Reqgulator

The overflow-tyvpe pressure regulator Keeps the pressure difiference between
the fuel line and the intake manifold constant (2.55 kilograms per .sguare
centimeter). Therefore, the amount of fuel injected from the injectors is
controlled by changing the valve opening time of injectors.
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THROTTLE SENSOR

Brushes
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Cantre! Unit
Control Unit Internal Circuit
The control unit consists of the mojor circuits shown

Function of Ezch Circuit
rower supply circuit: The battery voltage changos as the electrical loads ¢change and
the battery charge condition changzs, The -power supply circuit changes the electric
current from the hattery to stable 5-volt and 8-volt currents, and supplies either of the

curients to each circuit.,

~Wave shape circuit: Engine speed signals sent from the igniticn coils contain various

noises in them. The wave shape circuit removes these noises frorm signzls, and change the

Iy ’

shape of signals inio a rectancgle,

Anzlog-to-digite! (A/D) converter; The A/D converter translates continuous analog

signals into proporiions! discrete digiial signals.

Iicro computer: The micro computer is a brain of the DFI system, and has {ollowing
o centrol Tunstions—
o determine the emount of fuel injected from the injectors.

Al informations that show the engine rinning conditions are sent te the micro
compiiter.  The computer processis synthetically these informations according to the
programs stored in the memory, and caleulates an optimum ameunt of fugcl to be injected
for the engine condition at the time,
eTo control fual pums oparstion.

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

(1) For about 5 s2concs after the ignition switch is turnad on,

(2) When the starter motor is in use.

{3) When the engine is running.

Injector driver circuit: The injector driver circuit supplies injector opening pulses 1o

the injectors at 1he comibuter cormmand.

Pump rclay doiver cireuits The pump relay driver circuit supplies pump relay driving

current to the relay (o control pump operation,



Sterter buiton: The voltage of the starter-relay positive lead jumps up to the battery
voltage when the starter bution is pushed on to crank over the engine.  This voltage

hecomes siait signal.

Start Signal Circuit

lanition Starter
S—'\'-l A Suii .
witch P’E\.‘OH Control Unit
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[grition switch: When the igniticn switeh is turned on, the battery power reaches the

power sunoty terminal in the contrdl unit. This poweer suree becomes ignition-on signal.



Adr temporature sensor: The sl teiperziure sensor is installed on the air duct
betwesn ihe zir cleaner housing and the surge tank. Its appearance differs from that of
the engine temperature sensor, hut the senser resistance end the sensor circuit are the
same ag that of the engine temperetuie sensor.

Battery veltage pickup: The bollery volizge is picked up at the battery positive tead.

Battery Voltage Pickun Circuit

Control Unit
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v Atmossheric pressure sensor: The atmospheric pressure sensor is built in the contol
unit and s invisible {rom the outside. A semiconductor pressure sensor coverts exericd
pressure into the clectric signal. The output volteg2 of the sensor is sent to the A/D

(analog-to<digital) converter after amplilied.



Enging speed pickup:

windings of the ignition coils.
contiol unit,

Engine Spoed Pickup Circuit

evlinder hzad.,

Encine spoed s picked up at the ground sides of the primary

Two pulses per crankshalt revolution are sent to the
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Control Unit tnputs and Ouiputs

—_—

tgnition Coil {Engine speed)

h)

. Throttle Sensor (Throttle apening angle)
tarter Button (Sterter signal)
SENSORS {Input Sigaals) . Ignition Switch (Ignition O signal)

. Engine Tempereture Sensor (Engine temperature)

. Air Tempereture Sensor (Air temne. ature)

. Atmozpheric Pressure Sensor {Atmaspheric pressure)

O~ oG s W

. Dattery Positive Lead (Datiery veltage)

Input l
r/ﬂ./D Conves te—r}
R
~CONTROL LN
__VY [ -
C.P.U. ' s Memory
{Central Progessing Unit) ’-f‘”— (Coniro! Programs)

‘ Ourput

1. Injecters {Injected Amount of Fuel)

ACTUATERS (Controled Ttems) . _
) 2. Fual Pump (Opearation- run or stop)
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