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This electronic fuel injection system takes the place of conventional 
carburettors and provides an electron i cally controlled fuel/air mixture 
to the engine. The system ope rates on the principle of continuous 
direct air flow to determine the correct fuel/air mixtu re. 

Sensors in this s ystem continually monitor eng in e speed and temperature, 
and intake air flow and temperature . This information i s sent to the 
electronic control unit, which process these signals and determine the 
fuel requirements of the engine. 

The control unit then generates an electric signal which i s sent to the 
fuel inj e ction valves. The e l ectra-magnetic injection valves open and 
inject the e xact amount of fuel needed in front of the intake valves . 
The injection valve nozzles are designed to de 'iver a finely ato nl ized 
fuel charge , which promotes even and complete combustion . 

The electronic system consis ts of t~e following basic components, air 
intake system, fuel delivery system and electron ic control system. 

The air intake system works as followers, incoming a ir charge passes 
through the air cleaner to the air flow meter . This is wher 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 throttle valve 
in each intak e ducts controls the air fJow to each cylinder. 

The surge tank has two functions. Th e first is to reduce the influence 
of air flow pulsation on the air flow meter , and the second i s to 
distribute the incoming a ir to each cylinder. 

There is a separate thrott l e valve for each cylinder , and they must be 
synchronized just as on a normally carburetted engine . 

Electrical signals arc 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 the 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 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 inj ection required to meet the needs of the 
engine, and sends a signa l 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. 

The major advantages of this "air flow sensitive" system 1.5 that the air.
flow is lneasured before . it reaches the cylinders . This allmvs the control 
unit to compute the proper amount of fuel before it is needed . 



Dcnefits of this system is:-

The system provi~es superior cold start performance with virtually 
no throttle lag or hesit at ion. Accelerator pumps are not needed 
s inc e the signal generated by the air flow ITI(..!te . precedes charging 
of the cylinders . Fuel/air mixture is always correct ; throttle 
response is excellent . 

b) Betler Fuel Economy: 

Systeln delivers the precise amount of fuel needed over the en tire 
engine speed range . When compared to a normal ly carburetted eng ine 
of the same power output, the electronic system equipped engine 
delivers better [u01 economy. 

c) Low Exhaust Emissions : 

Continuous maintenance of the correct f ue l/air mixture over the 
entire engine speed and load range results in low exhaust e mi ssions . 
Compared to carburetted engine desi gned lo meet the same emission 
levels , an electronic system engine can be optimized [or better 
performance , driveabilily, and fuel economy. 

d ) Low Maintenance : 

This system automatica lly takes into account and compensates for 
all changes ccuring durin g the normal service life of the engine 
(cylinder/piston wear, combust ion chamber deposits, valve clearanc e 
etc) . The system always delivers the correct fuel/a ir mixture . 



Th<'; fue :!, fi lter- r emoves impurities from the f\)el as it mak es i.ts \-Jay to the 
f ~lel pump . If the fuel was not in the sys t em i mpur it j.e·s would damag e t h e 
PUl ilP an d inj e ctors. Periodic fi 1 t er replace me nt is r e quj.red . 

From T;;nk 

To PlImp 

The fue ] pump is grav i t.y fed and the pump j.s of a \Vet type . This means 
the fue l goes t.hrou g h t he pump \\rhile lubr j.cating and coo l i n g the motors . 
The p u mp suppli es press ur i zed fuel to the inject.ors , this is done by the 
r oller cell mecll anism pushes fuel through a r educed outlet diameter . The 
pu mp r le i s 2 l i tre pe r minut e or bel weell 12 0 -14 0 lit re per h our . Th e 
p r ss u re in this part of t.he circuit t o inj ec tors and regu l ato~ i s 2 . 55 k g 
( 33ps i approxi ma tel y). 
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FUEL IN,TECTlfA-l SYS1'EUl 
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Fuel ~.';\fst em 
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Fuel is contained jn tt e tank and has an inlet and o~t]et for the fuel to fJow. 

'l'l!e outlet is via the fuel tap the inlet which o.lJ.o'.'!o; excess fuel to return to 
the ta~k is controlled by il ch e ck v a lve . The check valve operates under 
pressure and ajlo~s fuel to pass onc WdY only. 

Once the fuel has left the tank it flows down the hose to the fuel filter a nd 
l:.l"!lctl onto the fuel pump . From the fuel tank to the .i.n 1 e t-. of t]i e fuel pUJTiP, 
this part of the circuit is of l ow pressure . 

Fuel in the pump is then pushed through the outlet onto the inj ector feed 
line. Any excess fuel that i s not r equi r ed goes u nto lh e pressure regulator . 
Th(~ regulator controls the quanti ly of fuel to be fed back into the tank . 
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This system'is a new electronic fuel i njection system that has been 
developed by advanced Kawasaki technology and uses a more advance 
digital mi.cro computer. The D . F.I. system fea'tures that a singl e micro 
computer in the control unit controlling both the quantity of injected 
fuel and the fuel pump operation. The sens~rs send signa l s that show 
environment and engine operating conditions to the computer . The 
computer processes these signals following the control programs in t he 
memory and determines the optimum quantity of ~njected fuel. At t he 
same time the computer judges whether the pump continues t o 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 thrott l e 
response, reduced intake resistance and simpl i fied configuration . 

Qperat i?n of Component Parts 

The throttle sensor is instal l ed on the throttle valve assembly . The 
sensor has ' potentionmeter i n i t and provides the thrott l e -valve-opening 
angle information by altering the output voltage. The sensor needs no 
adjustment unless it is removed from the throttle valve ( 4 cylinder) for 
replacement or un l ess its position i s a l tered by loosening the sensor 
scre'·l)"s. 



Main!f>Ur11D R[)i~y 

T\'/O relays arc cOi1tainccJ in a sing le ca:;!;; one is a main rel ay to control power supply 

to ',he; control unit, and other a pump relay to control power sur-ply to the f uel pump , 
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[\her S1. :l rl enrichment : Th8 after st,1I t ci'trichm~mt bioins at th3 instnncc the fol low

ino two C0I1(;i 1ic:1S Me StJiisfi cd , ,:nu continups for Cl \Vhil e: 

c>vVhen the (;f)[:in c: is cold . 

oWhen ihz S,,,rlCI' button is fi rs t tu rned off (lfter the ignition switch is tlll'~) ()d on . 
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Wal rn'LlIJ enrichment: The fu el·n ir mixtu re is enriched during the following two 

condi t ions ore seJtisf ied ; 

oWhcl1 the c n ~!in c i, cold . 

oWhen the cngin~ is running (not cra nked over). 
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! \ccclcr" ti o;1 enr ic!"lnI8nt: The c:cce ler(Jt ion enrichment begins at the instance the 

fol!O\'iin ~ tWi) co::ditioils me satisf ied , nnd continu es for a wh ile: 

t'Whcn t rl~ u;inc is cvld . 

('·When t:1C th rot~lc open ing spc~d (quuntity of opening angle increase during Cl unit t ime 

interval) becolr,cs £: !"c2 t 2r thelll a predeterm ined level. 
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FUl'~ 1 cut: Fuel inject ion is ~toppcd during the following two conditions "re $atisfied : 

"When the cn i)i;~e i0 ""arlnse! up. 

oWhcn the C);i~~);nJtion of til0 t:1l"OH le valve upening angle C1:ld the engine speed sat isfi es 

t he predeterm ined cO ;ld iti cilS . 
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I>.llituuc cOlllpen ~(Jt ion : The hi gher the motorcycle goes up, the thinner the ai r 

iJecomes l:;e(;{Jusc of lower atmo5ph~ric p reS~Uie. This causes a relatively ri cher fuel -D ir 

mixture at hi~Jh altitude. To compensate for chimgi::s in oi r pressure, the pre~sure senso r 

in the con trol unit rnonito:-s the atmospheric pressure . The resul t is better engine 

pcrformilncc, fev/er fu el consumption, and fewer emissions at hi£!h alt itu des. 
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Air temper,;',urc compens:;t ion: The air den sity depends il! SO on the "ir temperature . 

Th e ch<>ngc; ill <:;r dr:llsitv c;:usccJ by challg:! in "ir tempcr;:;ture i ~ co:npcncil tcd for by 

moni,o i' ill9 thJ i i1\.:;k, ,~ iiir t8ii'ipei'i1tu,c , 

L 

o ." u 
co 

U .. 
r: 
o 

';:; 
co 

'" r:: 
0' n. 
E 
() 

u 

Arnl,i!'n! Temp:', a\L1 rs 



The injectors are of a so l enoid-operated-valve type , and in j ect. the fue l when 
the solenoid is energized . Both valve opening time and f uel pressure 
influence the amount of injected fue l. Fine atomization of the fuel charge 
j. s a chieve d through the design of the injector nozz l e. The resul t from the 
inj ector is a very homogenous fuel/ajr mixtur.e which promotes even burning 
and more compl ete combustion . ' Fue l i njection occu rs once very 360 0 of 
crankshaft rotation, wh ich means t ha t the injectors in j ect fue l twice for 
each cylinder combusti on cycle. I n ot he r words one fuel i njection suppl i es 
50% of fue l required f or one complet e combust i on cyc l e . 
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The overf l ow- type pressure regul ator k eep s the p r essu re d i ffe r ence between 
t he fu e l l ine and the intake manifold constant (2 . 55 kilograms per .square 
centimeter ). Therefore, the amount of f ue l in j ected f r om the in j ectors i s 

'controlled by changing t h e valve opening t i me of i n j ectors. 
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Control Unit 

Controi Unit Interna l Ci rcuit 

The control uni t con sists of the major circuits shown 

Funct ion of Ei.!ch Circuit 

,.-'ower supply circu i t: The bvttery voltage changes vS the elect rica l loads change and 

the battery eha:"ge cO lldi tion chDngcs. The "power supp ly circui t ch anges t he electric 

current from the battery to stab le 5-volt and 8-volt cu rrents, 2nd supplies either o f the 

currents to each circuit _ 

" \\lave shnpe circuit : Engine speed signals sent from the ign it ion coils contai n vari ous 

noises in them _ The VJ,we shape circuit removes t hese noises f rom signals, and change the 

shape of sig 1<JIs into a recta ngle. 

!\n" log-to-d igital (AID ) converter; The AID converte r translates continuous ana log 

signals into IJl"OponioniJI discrete di gito l signals . 

- 1/ ,iCl"o cornputfJI': The micro computer is a'brilin of the DFI system, a:1 (l hc:s follow ing 

\ \'iO cO:-llrol 111 llClions-

aTo determine t hc ~i~lount of fu el i'-!joctecl from the injectors. 

/\11 inforl1wtioi<s t i~ilt show the engine r ur;nin~J cond iti ons ore sent t o the m icro 

compu ter" The comp~ l lc:- pro.:;c:s~ (;S syntheti cal ly these in10rmot ions c:ccording to t he 

programs stored in the memory, and c21culates an optimum amount of fu el to be inj ected 

fo r the engine condi ti on at t he time . 

oTo <.:on1rol f u~1 p(!r;lp op8ra l ion . 

The comput er contro ls th" pump operat ion through the pu mp relay so that it vvorks 

only under the f o!lovl in() condit ions : 

(1) for about 5 s2col1d~ after t he ignit ion switch is turned on . 

(2) When the! starter n,otor is in use . 

(3) When th (~ eng ine is runn ing. 

Injector dr i ':er circuit: The injector driver circuit supplies injector openi ng pul ses to 

the injectors at t he computer comm3nd . 

PU(I~P rcloy driver circu it : The pump rela)' driver circuit suppl ies pump relay driving 

cu rrcnt to the rcl::lY to control pump operation . 



St;:!rtcr bUi ton: The volt ()~j(: of 'the starter-re lay positive le"d jumps up to the batte rv 

volta~ c when 1.he starter button is pushed on to crank over the engine. Th is vol tage 

becomes St 2 ,( signa l. 
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I ~initioll switch: When the ign iTion switch is turn ed 011, the battery powe r reaches the 

power Sll ) ~ : 'l' tc rm in,ti in tbc COIl'trol unit. This powcr SU r l! 3 becomes ign it ion-on signal . 



/\ir temr~ r;) tul c sensor: The air telnperatu:'e sensor is installed on th e air duct 

b8 tV/ CCIl Lhe ili l clr; ;;Hlcr hOLJ sing ,1n d the surye tCl nk . Its apPCim!I1C8 differs from that of 

the engine t(;mp(;ra~ure sel1S0r , but the senser res istiJllce tincJ the sensor circuit are th (> 

same oS that of the engine teln[)erot'Jre sensor. 

[3"ttery vo liCJgc pi ckup: Th;; batte ry vo ltogc: is picked up at the batt<::ry positive lead. 

[3attery Voltage Pickup Circuit 

Control Unit 

7 /T/' 
1 __ _ . _ _ - --~ 

l /\tll1ospilcric prcs~ure sensor: The atmospheric pressure senso r is bui lt in the contro l 

unit imd is invi" ih! c lfo!n the outside. A s8m:conclucto r pressure sensor co\'ert~ exerted 

pres" ~lIt~ ill~ O the e!cctric SiUilii l. The output vol taoe of the sensor is sent to the AID 

(ana!oo·to·digit?l) converter <lf1Cr C1mp ii fied . 



Engine specd ricKup : Engine spc8d is picked up at l ilc ground sides of the primary 
windin~Js o f th~ igniti on co il~. TI'IO pulses per Griln k~hilft revolution arc sent to the 
contr 01 unit. 
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EI:gine tc:nperatu; c $(;l1;;or : The engine temperatu re sensor is insti1lled on tl13 
cylinder hCi1d . 'il lc cl sc tr ic(]1 resistcll1ce of th[) t herl1lis~or in the !>cnsor decreases as the 
tcmpc-ril tu re i nc rc.;ses. 
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Control Unit !nl_'ut, Clf1ci Oulputs 

SENSORS (klPut Si~lniJls ) 

I\CTUATli i~~ (Con',lolc:ci Items) 

- ---------------------
1. Ignition Coil (Engine speed) 

2. Thrott!e Sence>r (Throttle open ing nngle) 

3. Starter f:luttOI: (StClrter signa l) 

4. Ignition Switch (l snition Ol~ signal) 

5. Engine Tempcr2turc Sensor (Engine temperature ) 

G. Air Tcmr-cr21u re Sensor (J\ir tempe. Jturc) 

I. Atmospheric Pressure Sensor (A1JT1os[)hcric pressure ) 

8. Butterv Positi ','e LeaJ (BattciY \lolt(98 ) 

---------

[ ;;nj~;-.l(;i"S (I njected ~\ll1o~nt of F~el) 
2, I-uel Pump (Or~r~llon- run or stop) 

._------------------
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