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Electronically 
Controlled 
Fuel Injection 

• Reliability 
Fuel Injection is b\I no means a 
'ecenl (Ie;oeloprrMlflt. To tho con
trary, aircraft engines .... ere first 
fitted with fuel injection systems 
more than 00 years ago. DevelGI>" 
menl of higher-performaoce air
ctett _in". made Hight possillle 
at h<ghef aIt~udes. under mOfe 
severe weather conditions, as well 
as under opIIrating condiUons 
when a ""Iiatlln fIi&I supply .... ng 
cooventionai caroo,eto< systems 
was riG! always guaranteed. Fuel 
injection employing injection 
pump". how ..... .,.., made ~ possibl" 
to solve Itlese Pfotllems comple
tely. 
• Il\CIf18S8 iI1 ""II''''' fI8I1ormat>C<l 
OUfing the 1950'S. the racing cars 
manutactured by Daimf.erilenz, \I'Ie 
Jagendary "Silver AI,ows", achie
vOO victory aner vi<;tory. lite basis 
10< ''-II vict()fieol was the , elilltJle 
and r.;gtl,lower rating engines 
equipped with fuel iI1jection 
syst!!mS_ C<lnsislI!fl\ end continUlid 
development 01 these injecllon 
syStems. tJaSfld on experience 
oaw.ed with Injection systems 
d!l$lgned 10' Diesel engines, reSIlI
tIKI in tile etta"''''''''' 01 maximum 
engine performanoe under the 
el<ll"<:!me conditions 01 racino· 

Tile high cosls 01 " tulll injection 
system employing Injection pumps 
In the years that followed Just~led 
lJS8 of trus IYJlfI of f ..... inj8ction 
system only in racing cars or in 
luxurious touring limousines. fu~ 
inj@CtOon was sUN too exper"lSNe fa< 
tIM! mass--produced mota< vetlicle. 

, 

• foot economy 
Uoi"lline conventionlll type of fuel 
meterirog ~ was not possible to 
lewer lu~ COllSOOlpjion .....;!hout a 
Ie"" in engine per' ormance. The 
oontinuous rise in the worl<! mar
ket prices lor petroleOOl products, 
however. clielated thaI I solution 
to this probtem be wund. When 
fuel inj<iC\ion is used, Ih8 fuel can 
\)e metMed in exact prO\lOflion 10 
the actlillt foot requirement of the 
eng,ne uooer the most widely 
varyirog conditions 01 lOad. Exact 
match;rog of the fuel to Operllting 
conclibor\S results in a redVC!oon In 
tl>ll sp/!<.:ific fool consumption. 
• Clean exnaust gases 
An aclclitional problem which 
greatly infiuenced the clevelopment 
of lual inj8ction systems wa. the 
proportion 01 unhealthy compo
nenl$ In e"hau,t gases. The pro
portion of theSIt components CIIn 
only be reduced by anC! mainte
roance of a certain air-fuel ratio. 
Hflre also the fuel inj6etlen system. 
with the possibility it. presenu of 
el<ltCt I ..... mateoing. WIllI of 
asslsta.-.ea to engineers. 

Electronlc:8lly control'" Iu.\ 
Infection 
New araas of lechroology have 
madtt ~ possitote 10 clevalop an 
injection system lor U:l(l in tIM! 
manufec\ure of mllss-pfoduced 
motor vehicles. 

In this system, detecting eIe
ments sense tIM! operating concli
!Ion 01 the engine ancl pass this 
InlCM"mation in the fCM"m of ~ectrlc 
signals to an electronic control 
unit. Processing the.e signals. the 
control un~ not only detMm4nes 
the amoont 01 fuel required by the 
""gine but al$o controls the injet
bon vllives wh,eh inject Uti. requi
red amount oIluelinto the engOle. 

After much intensive research 
and experimentation. an electro
nically controlled luel injection 
system designed for series pro
ductton was developed In 1967. 

Ouring the clevelopment 01 electro
nicetly controlled fuel injection 
diffMing goals w&fe pursued. On 
the one hand. there was a require
ment ta reduce I"" co",-",ntralion 
of noxious components in exhaust 
gases with no reduction in engine 
power. while on the alher hand 
there was also a requirement to 
incrllase Itngill8 performanC8, in 
pan simultaneously with the 
cleta~lcation 01 the exhau't ga,e,. 
Pr[)Ceoding on the basos af exp"
rie.-.ee gained with luel injection 
systems in regard to mooting regu
lations gcwefn ing purolicalOo" 01 
exhaust gases - regulalions which 
are canslanijy becoming more 
strintJent - II has alweys been pos
sible ta stay within the limiting 
val ...... pecified. 

The il'lCl&ase In torque is attai
ned mainly by optimum clesign 
of the intake system. TIle lIS8OCis
ted rise In the torqlJe CUrve at low 
aod high eng,ne speeds II'ICIe8ses 
the elasticity al the eng"'" la a 
clearly perce~tible degree. 

In comparison w,tn the lual 
system emploWtg a carourela •. 
con,umptio<1 al l\Iel by the injec
tion syslem i. 1l18li during lIIInerlll 
clrlving. while the fuel sa"rogs 
during city driving. dependirog on 
trattic coodillens aoo driving 
characteristics. are even great .... 

• 

I 

• 
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Mixture Formation If"~-;=====~==:::;-ll 

8Rd wo.ob.l$tion, end · 
19nIt«l by an IIIectrIc 
mMion 0/ the ... -fueI 

• 

begQ ""'*' !he tu.I .. ..:ld«l1O 
\he ... tn._ Into \he ...... The 
amount of \his millufa ~ II led 
10 1M cytindets II!MI ... " ..... by 
Ihe ch&nging operaUng ch&,ae· 
Ierilta of the BOgKlII. 

The function 0/ fUel metering II 
lhkeIore 10 malch lhe quentity 0/ 
Nello the quantity of ... drawn 

Into the ehjjiroe "' .. ~"" Sa»
c.Iy. \his CIIn be dane in two 
.... : \he COf. ect qu.n\tty 0/ fUel 
II fI"OIItefed by.er. 1he C*t>u. 
"101 Of \he inj"ction .,stem. 

The dec;isioo whath« a cartIu
ralOf or an injection Iyst .... will be 
used tor mb<lure form.tion 
depends mainly oro \he requlnt
menU; ~ P"eIIMding mein· 
t..-..nc:e of air purttv. but IhII decI-
8Ion aso dependI oro ...... _ts 
I.-.r:ong to ....... pew .. end fuel 
~uwel. 

Mo.I irnport.nt. redo~ .... ~tO~-.n In !he 
noxloul components in !he 
8lChllust g"es lIOCeultat .. elUlCt 
..,..t"""""", 01 the air·fuel ratio 
tor 1IV&ry dlMng condotion. 

0 ... 01 the ~~~iel whoch 
e~lIt 10 re<luce omiUioo 01 
noxlou5 gasM .. Illeclloro •••• ~\tJ' 
cant,e's j luel qectioo II dIIV. 
Iolpedby~ 

AIr--fue4 Ralio 

Plopw ignition on! r;:()ITIbusliOn 01 
the ... .fueI mil<t .. e can on/)' take 
pI_ witr.in • ceria ... I.nge of .... 
liiellalios. When ijUOIlne II used . 
\he averaQe latio tor lull com
Mlion of the luel (the IO-cded 
, toIchIoonetric ... .fueI ratio) II 
14 , t ~ mn,. thIo, about 1. kit 
0/ ...... 1aqW-.:I lor compIaIa 
co:rrrta..tion 0/ 1 kg of fUel. In 1hit 
,toichlo",Obit iIOIr-fIMI ralio,!he .. 
1adOt . .. '"' I. 

, 
- -
'-

i. - 1 

Nr.fuel ,atlo 

~,~,~",~_~.;,'~t"~TIo~~:"~l'~'~":":_C' =-l-~~"'~"1I~"'~-~' engines de.elop \he mined lIS I0I0 .. ,, /11M' .. ' pe ... &, a 0 ... 10 .. III" 
delicler.cy (.1,· 0.95 0.9) _ con-

roc, ..... \IOIlIIna ot .... draom _ Iha IeaII fuel al about a 10" 
1 _ into .......... &ir8llfPlw 1.1. - 1.1} 

lheot,dcall,quh"'ooll 01" W'*' \here. an ... de"',) . ..,.. 

1. a 09 
1TI8iLIIIl ' rich m/)<I ..... e. I., • • def~ 
ciency 01 al. - 11"4 Intake 01 air i5 
less lIIan 1111 Iheo<ltlCIII .equire
m~' 
1 · 1.1 
mll-' a .... mix, .. e. l ~ a III'· 
pIuS 0/ air - \he Inllke 01 ... is 
or_tar 1hIIn!he lheo>eIit:orI ---

the fuel. not utilized adequat~. 
UId \he eoneentration 01 unburned 
noxlollS components In the 
,~haust gaa II higher. Wrth a 1\1'
pi'" 01 a~. lIIe ~r de~1oped 
I)y lIIe engine is low ..... and lhe 
1 ....... 1U181 oIlhe engIoe and 
It!IheuII ~ ... higher ~ ..... 
oIlha ilk ... cornbusIiOn.. 

The 1IiI' \ueI ratoo of !he milctln 
drawn into the sper\<1gnItJOtr 
&nII'ne mul' lie be'- A· 0.1 
and t.3 ~ 01 whell>oo" the 
angina II I,lIed with 8 C8rtJu,etOf 
or. luellnj8Cllon system. 

• 

, 



Ing Operat 
Prlndp 
Electro 
Contro 

Ie of the 
nleally 
lied Fuel 
~stems 

nd FI .. L 
. 

'J coni .. " 1 fuel 
toms EA<O lind E1'K. 

The 118Ct1"onicaI' 
irjl.Iicw' IyS 

........ "otIen 
pi: .,," rtl 

IIy opet.~ low" 
. liM system., 
ems the QUUlIiIleI In both ,yst 

e lor the fuel requir ... • epr..matho 
mInI of the 
~ttcllog ......-. 
lOeleclrlc&igl 

engine are -'HOd D\I 
Is and con~ed 

- s's wNe/'l ........ 
conlrOl unit. Thill to Ihe tik:trOnic 

"""'" ... II'OU 7 " II' 22 I 
derive&h ...... .... Ie and - , 

\hem. The co 
electric pols 

0( the """ .... from 
nlrol unit (l8Ml'ar. 

es whiel\ .... aent to 
t .... injection v"""'.: 1~ pulses 

to the quan~ty 01 fuel --C81c"~teod. The _ ...... -
opened IIIId .11,tr~ ...., .. ....." oI ...... C*' • 

hid In front 01 the InteI<e ~ 
In the tnQiolII. 

The EA-D and EA-L conlW oj 
\he tollowing blloic compOnents: 

• fuell'{lI!'" -
C!elNery, ptessure V'Mrallon. prill' 
...... ~"'Iion. dIIaning, hj lion 
'-,,"'1" 
• t,Ielecll ... ' , ... tI· 
¢'" '. : \ .. WIQiM ot*llirIg dIota 
oec IIU"!' lor ~ 01 IdCI 
Iu.! metering_ 
• electronic conlrolunil -
11'001_ the data. provkled by 
the delecUog elementl, determines 
the dur;.tion 01 ",,,,,,,,bOo .. oontrolA 
the '"f'CtJon varve.. 

ComponenU used ... both 
systems will be descr'tltd on the 
MChO"I 0 1 this booklet inYnedla· 
lely ".10 .. , while oomponent. used 
in .,th&r the EFH) or EFH. alOne 
wi~ De dls<:lJ8IllId in the Illter :sec· 
Ilona 01_ booklet _ • ..ell 
01 these IyStems is deactIbed 
1I1*1'1e/y 

Fuel System 

In the luel cifculatlon Iystem a fuel 
~ "'WI the ruel "om the tarlk 
....:I del/ller$ It Ihfough • de II d 
pif p' -. IIIId ita bfanchll 10 \tie 
ICllnoiCI-opera!ed infeCtIOn velva 
Tn. fuel po'es5l,1re al \tie v ....... IS 
held eoI'I8l8nl by I t .... 'P'assure 
,egulato' . 

• 

, 
, 

-, 

I , 

• 

• 
, , 

€J.c ' s· tuellIowo: un<Mr no (IrW' 

.... becI< 10 !hi tenk. A full Nt. 
betwHt1 Ille electric fuel pump 
and \til inj8CUon valves po'eventl 
1mpw'1tIft In \tie full reecNng 
01'* parb 01 !hi syslem. 

Ellcb k:: Fuel Pump 

• 

A ,oIar_ pump drl.Orl by. 
parmanenl,magn,t series-wound 
electric moto' I. used .. lhe fuel, 
supply PI""9, The rotor disc. 
mounted eccentrically 11 !hi pUIT1fI 

11oo11~, hili metal roIefl tiItId 
into , KEF' .... ound ita edQe 
whk:h we puSl'led oulwlrd by 
centrifugallofce and act u a 
,olall"" leal. 

• " 

I I 

• 

.. ' 
Po, " ..... mo --

-

FII· • 

-~. "'--2' ...... ' .... _ ,--• Co •• ,_ 

5q' '_ 
... " ,' .... ' Ie -

The fuelia carritd through the 
cevillfla which torm between the 
rolla ... Ind Is lhen tor<:ed inlo Ille 
fu<!lInJe:ctlon lubing. In Iflis design, 
the luel IIowI di,ectIy IIfOUnd lhe 
eIeCtrie malO!'. nr.. is no dIIrlQIt 
of • • pIc II~"" ho " e,e', be<:6U •• 
thera Ia ne ...... igrwtabIe ........... 
1n1' r1e 11"11 angrne P'.xnp housrr'Ig. 
The pun'Ip deW,e, I more IueIIt\an 
the maxmum 'eqo~"""'nl of Ille 
engine .., lhal the p,essu,e m In. 
f....t cire.Aatlon syslem can be 
maintained under all opera\rnll 
cordllon$. 

The ,.(1 II IuaIlkNos ....... no 
pressure becI< 10 tile full **- Aa 
a , ....... cool fuella d.U.~ed II 
all umw II\d tormat"'" 01 "nij)Df 
b\Jbb1e. In tile !vel circulation 
.ystem Is prevented. 

, 

• 

• 

• 



When ItJt; IgnJtior1 II switched on. 
the pi.:T1Cl only OI)tIfal ...... long ... 
the .~rtIng lWHe/'IlI Ktivaled. 
When the.-.glno starts to ope.le, 
the .rletronic; control uM awik:ha 
1M pun'If) on. Nl • nwjt oIlhb 
AI«)< dI'cuIllloodl .. " of • ~ 
cuIIIr c,". woth fUel II pre .... 
led In ... ,1 ole ~< , ,bie derec
..... lnjletlotl ....... 'Nt-. tt. ignt
lion lI ...... ched on (C)4Indeo-
1IoodIo"" pro~)_ 

The ..... ~ II held c:on&tant 
~ I pt l"ur. reg"lolol'. TlWs pr.
.......... 101' ....... ,-,!¥ of. meIeI 
I"Io\ItIng tn .. 1""'" ~ 
~ opens tt. Intel 10 an 
ooeo1\oW c1\Itnne1l. the .. , pr •• 
l1.li"' IP>ouk! btl . xceeded . • n the 
EFtoO trw: 'IOU r.to.- CItIl be 
adjusted. end trw: .~stem pres' 
lurlls 2 2.2 1>M.ln trw: EA -t. 
\he preuur. is H' 1\ the 'acto<y. 
(Itptnding on \he _I\jil& type, to 
eIthef 2.5 ot 3 bet 

.".... II the lnIernatiotlat 
m I-P"., •. t unit for pressISe. 
Fot~pwptP777. 

lbet_':' 

, l 
• 

• 

, 

-, 

IP, .,,_ 

2 ~_""ICi ,--• $0 ... ,_ .-

... 

...... n' 2 , ..... 

... ' Co" ,,,,,,-.g 
01 .. fIJ:oJ po ... 
" i j .. 
1 _ .... ...,_ 

2 __ "' .... -3_", 
• 0' I""'''' '''', .... ...... .. , , ... ....... ,-

I 
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SotenokI-opM'ated 
Injection V.1Ye 

A toIenoid-opertlttcl injactiorl v-'va 
1I .. lOCioIted with fIIIch q'linder. 
The k'il .lio .. v.we II nt.ied In 
!he Intake ITIIWiHoId ..-.d spnys ..... 
in front <II IheInQlb ........ 

TIWoi IIIFFIgn at the Irjlctorl 
~tam <lfI .... the IIdvantage. not 
only of being able to ~. at 
low .,ac'ion jnUUffI. but ... ot 
making ilil _lb. (II fuel pm "t1e 10 
groupl of ....... I' the· ... IInw. 
IhIa coroolder~ reduc:IroQ equip----When the Efl-o II used In 
.~Iio'lClef ....... two grouPl of 
2 qt.' ........ NdI •• 1,."oeoJ. 
The ....... In.gW ... ~_ 
~ed eIecIlh " in perdel 
and open simuItIIneously. The 
_ prtn<;ipIe applies lor 6- and 
Iky\in<IIIr eng;- II (2 groupl 01 
3 ...... Kind. groups 01 2 vw.. 
o: . ;_tr.eIy). 

When the EFH.. is uaed, .~ 
injection valves .... <;OII'IbineU Into 

" lingle group. This __ .... Midi ........ Impor
~t ..... .pjIIc"....., In _1nI1.tkw. 
1'f5\em. In order to attain tuffi· 
elent unitormlt)' In the dIItribuuon 
a/lhe fuel rnlxture OOspIIa tlW 
grouping. heN 01 thoI IIfTIClUI>I of 
fuel requUd lor ...... openoling 
cyde IS inJeCted Iwiot dI#InII ~ 
rotatlon oIlhe camsh"n. 

The soIer>Oid-operated injKtion 
valv. consiSli essentially 01 • 
...atve body III'd .. nozzle v~ with 
!he supeoioolCJC ! r 1 10' enule! ."",. 
~. The mo..able ...... IuI. II 
attaclled rIQk!IY to the nouIe v ..... 
wllich il p<esMd against the 

, 

• 

MUle body s · ;; "" -' by .. 
h r5""~ Al1he beck of1he 
v .... body Is the ,," trOd..w.dirog 
pn(l In the front .eellon " 1M 
guide lor the oozzle vlOlve. 

The ,tUlle 1lL' ! II ,eceiotcl 
/Tom the corobol unit gener$" 
~ IiIIId in the .. ' IOid 
.. tndIng, All e r.utt. the armIIt"..e 
is drswn back and Hils the nozzle 
~elve !rom its _I. Th .. """"" the 
chaMeI for the fuel, which • u~ 
po , '''"'11. The ttroIte of the ..,.... 
1In.1Ibou1 0.15 rMI. The din
bon of the period dumg wM:n the 
valve remllons open is determ ined 
by \he electrOnic control unit and 
depeIIds on the poJrtk:uIer opere· 
tIng (;OtIdiIlon of 1M eng""'. 

Intake System 

The ,. requored for combustion of 
the IueIIs led from the air lilter 
tl\rOlJ9h the tl\rottle velve InIO lhe 
CO!IWTIOI'l intakt mani/OId. From 
here lid"""" Intake manitoldl of 
eqo"'lenglh brlll'lCh off to eech 
CJ1t;"oder. In this way e . ectly un!
lorm dislrbJIiofl 01 elr to II\(! Ind
II'duaI c~ ... ect" .. V<Id 
0'" 11 ..... ' .. '1 oIlhe _.fuel mbt· 
I .... _ WIth the inj<!lC1\on 0I1he 
/utII1n1O the _ drlwn Into !hi 
.nglne as I result 01 the move
ment 01 II\(! p .. tonl. 

• .... -1 ".-

2 soa'''''_ 
3 SoIon,'d_ 
• Eloc:. -" ........ , .-
..... -_If., ._ 

Matching the Fuel 
QuantH:y during 
Cold Starting and 
the Warm.up 
Period 
In addition to the ~ onell,mll 
of the fuel uncle< all load condl
I""" 01 the wafm engine. InUrn· 
ber 01 CIDIT4'6"''\Ion lectors .... 
~ lor proper ~Iion of 
the .yne undM" flJCcepIionaI con
ditiona; 
• .. nrichmenl of the mlxtur. duoWlg 
cold 1\erIlOQ. 

• erwIchrnenI 01 the mileture o:!urinII 
__ m~~ood. 

CompenUlion for these c0ndi
tions Is carried out in \he IIOIl'>e 
way in the EfHl Bnd EFH .. 

On the other hand. compen· 
.. lion • (an'ied out in dIIIerenl 
... ~ in _ two .ya_ lor the 
foIIowinII operaling cond/toonS; 
• efllictirrwol 01 the milet",. during 
acce~ellon. 

• llA 10M enrichment 
• ITIlIle/'iino the mixture during 
mc""", 
• con>pOti'lSll\lon l or the Intake ... 
lemperllu". and 
• compense1ion for the eHeet 01 
lIII~ude. 
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Cold Starting 

III " GOld OOOlne luelllIIfJdenses 
In \he intake manolold and 0fI l1\li 
__ of tho ~. ~ " result. 
!eM fuel mix. with the in"'klt U 
then In " .,.,1'1'1 engone. filii; meIIn$ 
!hat .n IgritabIe mtxlwe it oot 
,~!.~ The function of the 
.1W1 ....... _Ihe_~ 

Y8IW • 10 enr\ctI1he ... in u... 
.. lake .....,~okI WIth me/y' "tom/
ztd ,,*, 1'ho5 y~ on/)< spflIl'I 
fuel, howevllf. wi-. \till starting 
moIOt IItlltned on arid when,., 
the MIlle time." thermG-8Witch ()( 
Ihefmo1lme IWIlch Ioceled in the 
oooIIIn1 cifcu~ iii clo$ed. 

s~v ..... 
In u... v ..... " hl':,,1 spring Pfu· 
_ tho ~ armatur .. of the 
x' 7 'lOkI 'ou-ttw with the seoI 
"111 '-.1 tM \111M! _ and ......... 
Ihrt flow oIlUeL 

W'*' Iht ~ is do ...... 
t.ck, how"" .. , tho __ .. 
opened The fuel then Ibws along 
the ~ 01l1\li annatu-e to the 
...wi rIC:,..". In Ihif no"'. " swIr· 
ling motion it mparted to the lull 
and the fuel leaves the oozzill In 

finely atomized loom. 

n ... " .... Mttch Md 
Thefmo-time . wllch 
The lhermo-swllch closes or C!pfltlI 
the '1ICblc corcuil'u:JiiOO \0 the 
ItIr1 v ..... ,~ on eng&o.e 
temperature. ThiI; m r .. ttwt u.. 
.tart v ..... II activated only at 
................... tures below " 
ceo ........ ; der-oding on eriijio .. 
type. 1l1li .... II QIIOl&alIy 
belwllnC'l' C and +15" C. 

The u." .... !ime swdch per-
1CJtrnt: the ...... Iun<::tion "" the 
thelmo......ttch bulin IIddition ill 
d I dgned to ~millhe time during 
whleh u.. "tart va/Vv is switched 
00. 

This " necessary in e"llines 
which lind tel wet the Sj)IIrk plugs 
with" rich -'lofting mtxture. The 
tt'lefmo'\ime lwiI<;h ;. S(l designed 
1h11l depeodIng on ...-.g;o" type. 
the ............. length 01 lime the 
' Iar! ........ lWitched on dI.ring 
tile ltarIIng proceu rangoe bet-
A I." 5 and 20 seconds at " 
0001II11\ temperature of -20" C; 
III hIg'* ooo'eni temperatures 
thiltin'le IlIIhortIIned and ", tem
pllnllu, .. bel' .. !ll +20" C lind 
+.ao C II . NChes zero. 

" 

n 

" 
, , , • 

, 

-
t .... Wnoq,bQn In Ille dufatlon at 
the period _ ,!art vaWe .. 
rwUched on II .alOIllpiished in 
the u.rno-brne rwllcll Dy IIIl 
ftl8etrb1ly-hMted bimetallic I~ 
wille,., Inlerrup,* the eItoclric circuit 
po .. er1oo the "art y,,1Ye all II tunc
Uon of ""III ... lempetatY,e after " 
ce<"" ""1"'11 lime. 

• 

----~ 
---~ 

1 
fIG· 10 --, -

"- " ---

F'II ,2 
Co ....... drowlng 

, , , 
• • 

, 
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Warm-up 

The warm ... ., '* loci fOllows the 
cold Itarl 0UrIr\g 11"'* j)8i Iud !he 
..... ""' .. reo:tl*_ cor ILIMe IIIbIo! lue1 
en,!CIw"I,,1 bfcllil part of the 
fuel ~ on .... q.idef 
waIs wl'Ch.e ,iii C>:*I_ In..tdi-...... ----~ " --',-=",,- •. " ..... , _,~ ...... , -w, LT __ , '''''' 

_id.' ..... ' during the Li.",'" 
period." jO" drop In ."", .. 
SIlled would be r>OIIc:ed .tter the 
addltionelluelapflyed inlO Ihe 
e ..... by the I1af1 ........ had been 
cut off. 

For nample .• t I temper.tu .... 
of -20" C, two to '''''" limes as 
much r .... muel be injected into 
the er.gl~, (lep&ndin9 on eng;ne 
type. Invnedioltely Ifter !he .star
ting opIIfl!lOfl .. _ the IItlgIM 

is at ~ openIllng '''',",*1" 
U •. 

'TlW .... id.I.'t mull be..ou
cell as the engine l1!",peoature~_ 
'-' and ""* be ahut oil .,ti .... t ""*' .... nonneI optQ\Ing 18m
~I"' •• ruchtod. In onMr 10 be 
able 10 carry OOJI It1iII fUnctior,. dalll 
on the lI0II .... I~"" must 
be 18<1 to the control unit. This II 
<k>I'l* Dylhltemperat\lll ..,.,sor. 

Te",.,.,I11 ... Sir ... 
The tempeflMI ..,.,sor cons~ts 
01 • hoIow ttv"tIed pin In which 
an NTC resistor ill ~ The 
abbfev\alion "NTC' $I1W'1ds 10< 
• ....... u~. temperalUfe cuelliaeo ,I" 
and mn-. .... tlhe .llCaltal 
,1ISiI1anoc:. 01 !hit resistor - which 
is made 01." IIiQOO""oc;1rv milta
rill - dl!cPP .... the len ....... 
iurloncrUIiI . ~ ~ is UIIId 
tor mu,' ....... '1 p"'pn. 

In water-ooolad engines. the 
temper""" MIWOI • in!ItII!ied in 
the lhe<mostet IIouIIng where it .. 
ilTmersed In the oocllnt and there' 
fore sensei the temperatura 01 
this wate< In u"«IC I.d engInes 
tha tempe,al",. 1tn$Ql' ~ InslallOO 
In the eylln<ltr I'>tA\I 01 II>I! ""II"" 

• 

" 

" 

Au.lIIary .... Ch ' • 
In ordef to overcome 1t:e iriaN· 
sed l,oc1:one1 ,esislance in a cold 
eng:no, 1t:e ... '" mUSI produce 
" h:ghllr lCirQUII durinQ ktIe. ~ 
lore. in 1Idd:1iot: 10" _ •• 1\M1 
mb<tur. during cold IIIIrIinII and 
the I, ...... w.m-up period, .. 
1I<kIi1ioN:l1l2TlQUl11 01 • It ''''1u"",d .... .... 

TI4rI: control 4Jr2II1 ,MCI. 10 tI':II: 
~ ....ounl 01 • by rm:1.,. 
riLlg lin IIdditIor:III amoOOI 01 fuel. 
M II 'Null, motII II~·'''''' mixlu,. 
is availat>l. 10 \he enolna lor 11'0. 
Wa,m"1JP pao:lod. 

ThalWlW ol lhlt addiIlonal aL' i. 
eonlfo1\ed by 1I4rI: SUlCl1IIIry-IIir 
devLCII ,,~ bYP'''.1 tile 1hnl11lll 
valva <see dIag ..... 01 IV-I ...... on 
lhlll:ul I:.oe 01 thIa ~II 

Tha CtOD-MCIoon 01 the 0pI'Jning 

proro:d:KI by !hi: """. ry..., de,lce 
It IdjusWod .. " /I,Jr .. ;;II"" .. oIl.npe
f"turf! 10 11'11:1 III .. .",. Ing02Ie 
templl'llurl !hi: I'l8C pury IcII4!i 
III . 7 d It ",-,'-onec!. M the er.g:ne 
temperature .... , the openinll 
through "hie" 1I4rI:'" can I'Iow It 
tI .. doty flducld, and It " coolant 
IlIfTlperatufe el +6C" C to + 7a' C 
il is compkllely closed . 

Co" , .. " ..... -

, .... 
I 

T_ ........... 
_in on oil' 
":clOd""" in ... _ . --

, 
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vatIou$ typoM of ..... M!;:,;"): .. :----;::========~--
" dhlCe .. ., UN. " .. "'" In the d FE 'QI1 .."pIolonQ • 

blocking pIe~. the plata II mowtd 
by • _~.~ ,trip whi<:tI Is 
heated electrically. When u.. 
eOlQlne Is .tlIrted. "'-'tng of thlt: 
,trip II switched 00. ,.,. • ,"lilt, 
the slrlp bendS and 11IIns!hoe 
blocking pIIIte ~In.' the ,,,Iormg 
IOI'CI 011 Ipr\!lg. N ~ moYH. 
therefor., the b!ockio:1g plaUt 
"till ....... the CtOll'MCtion 01 the 
el'lanoel open to the .... II~") Ilir 

In the deoIiQn IImplo)'ll1og I 
rotary 1IkIer. the lIIide, II control
led by an elecU'ic8lly '-ted 1),.,.... 

lalie .pr", 1n "-Q)CJII ~ ~ 
IhiI apifaI II'" oonUloel wilh the 
..... 011111 the altllcc 7 po. """"* dl :' .. ' 01 the audlary-llif 
dfMce " eontroI«I by .. 'lJ*I" 
Ilion atlii_l Thill type of .. "'W,ry-
air d 11I0I0 COIIIiIIta 01 • metal 
C) ... riIed ... th. wu-lilce .",.nee ,r.1 "pII"" ........ the 
~ 01 '-l When" .. 
'-1«1. 1heIeI."., U. ....t.\aIICe 
--- , - $ Ii"" _....-__ ... v:; ! ell I C)r 
ell PI" lIgehsl the rettorinQ lor", 
Of • spong 'hit '*' in tum KtI 
against, piston whlero eharlg" the 
open ac lI-MCtion 0I11Ie ... xililfy-
... cNn""- Thill 'YI)I' 01 .... J<IIary. 
air de,1ce Is In$tllled In or on the 
engine in IUCh , _y n .. t In. 
upansloo element .. imme!'aed In 
the~nt 

-

" 

-
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Eleclfonic control UA1i (1) 
Thts unit recei'I8S data c;Qr\OI!mmg 
InWtI /TIIInilold Pfflllaure, Intake ai, 
temperltura, coolant end cyiornIer 
heed lemper1Ih.ore. posHI" ... and 
!I'IO¥e!MI11 altho! tlvom. ....... . 
lhe Ic.rtng "' .......... _ ... 
.90'" ",dJ and I tat1 oIlnjec
tlon. ~ process. 'hoi ",Iorme\lon, 
tr~ electric pub .. to the 
sokInoid-opllrlltfKI in;ectlon valve., 
800 IwIICI1DS the fuel pump on 
It " connected with \he electrical 
components in lhol aystem by 
-E'-"oI.~pIug.nd 
.~~OO r.."""", It conlalllS about 
300 oomponentc, IIbouI 70 01 
wI'Och •• semlconduclora. rod iii 
constructed using printed circuitry. 

NlJe<:1I01l vlllvfI (2) 
aprays lroe fuel into the Intake 
maniloIocb oIlhe engir4 cyllhC ..... 

" 

Schematic Diagram 
ofSYltem 
PI E 7 7. !old out the double .-oe 
at !he bed< 01 INs booIdeI \hat 
C/'IOWII IICtIematic IiAgrIlml!l 01 the 
EA-D end EFR. 

The numtJe<s given in the tel(( 
b4IIow with \he vano... com-
,.... ....... In tho EFl-O .... Ich the 
...... ,'IIIeo. on lIMo dIagnIm oIlht IYSlem. 

PrIlUUl'I .. _ (3) 
transmits data on the 0!1;1oe load 
to tt>e control unit. 

Tempera'url "ensor" (ol) 
~ \he lempenlturl of the N , 
........ nt 0< c~Ii"der "-:I to \he 
control unit. 

ThoN"mo...ttch (5) 
Of tt\em'I()<..,.,. switch 
switches ofIlhe start val .... 

Start ....... (6) 
..".~ additio ..... """ into Ihe 
lnIaIce ~*'""*I dlrIng ,tao 10 .. " .t 
low ........ ,"' • . 

E~ fuel P""'P m 
contiru.KlYlily deli""", IueIIO the 
inJecllon ~a"'es. 

... 
Q .............. -

Fuelliller (8) 
Is insta~ In the fulli line 10 .,..., 
the luel. 

Fuel f:W"_url -.gukItor (9) 
00kI!I the 11<"'_ In the fuel 
.....oons'-'l 

Aux.a.y.w d."'el (KIt 
PfO.:d1l additio._ M .... func
tion oIllIITIperatura during 
warm-up. 

Throltle-valve $\IfIto;h (11) 
sq-oelt idle. IKe p" ' aboo and lui
load 10 the conlrol unIl 

T!IQoer contaeU (12) 
installed In the ignition ~lriOOtor. 
designed to lrIrosmil pulses 10 1"" 
control I.MlH lor begin 01 lnJ$CIoon 
and informatJon on the engine 
Sj: II :I. 
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Operating 
Principle 
In !he rn-D der'>p«I by IIoIdI. 
!\lei qectIon Is c:onIroItd ... i._ty 
by the ",taIu! ....... IQI(I pi 7 , ... 

IoI>d ..... Qine till! d. 
In the Iotake m&I1lfoid. 

"tmoepherioc pr'lUVflt pr .... .n. In 
Iront 01 the throttle ve.tv. but 
behind the thfOttle valve .. lowe. 
pleaIUO'e PfWais which - depen. 
~ on the poIitIon 01 thIt v ...... -
.. ~_ In or<Ilw 10 cIeC." ... . 
!hI.-I In..,oolllnl iIem of Wor
nwtior> on ....,. ......... 1001\, 
....ely the _"", .. 10m, IhiI; 10 .... 
~Jte ... _. In !he CI)j'.I_ 
In .. .....vtokI .. UMd • , 
Ii' F uU'ement quanllty. '!lie 11'''' 
BUr. In the common irltak, meni· 
fold il il mBawr. for the vol""", 
of the Intake air and .. thua " 
mMsure of \he engine Iced 11'Ifof' 
..... 1Ion on the pr __ In IN 
common Intake ".lifoId .. pro<i 
ct.d by the pr-... I I 'IiiOi_ Thill 
.. Ihe reason why IhiI sysIem II 
17 p'gn.led"manifaid Pf_e 
-.l1iYot" Of "EFH'" lor Ihort 
bkause the <>er ..... ~ lor 
"p"lIAUfe' 1:JeOjo. orittIlhe letter "'. 

Start of Injection 

TlIe ,I;wt of the puIM .tCi. opettI 
Ihe .... &:lD. ~001, ... - C'4!)MdIo og 
on 1M pooIliori 01 the cemsIlIIft -
II de\emWled by specaIII conuocu 
In Ihe igllitioo dislnb<.llOl' T'
eontM:ts are instaJlod under the 
mecllanical (cenl'il"""IIOI'ee) 
timing adjustment mechanism In 
IhI ignition dislribulor end "10 
.eti¥ated by .. cam on !he d/t:1r~ 
buUII' ahatt. In addition. the COnIroI 
unit rootl.es ....... "oet\tWI on the 
_..,. .. 'Il p j In the 101m 01 the 
1'11""'11'1 time bet .. """ the trigger 
podslllllld hoi information, 
logether ..,tIl other data, Is UMd to 
<*cu\a.le the duration of fuel 
Inj8etlon, 

" 

Duration 01 Injectk)n 

The dlnbon of rolp .Ib. II de\ef

mined ...wy by Fwo l""Eon •. "". 
thii condition 0110.:1 01 5he er.gooe 
and Ille _91'* I/llld. Pressuo-" 
senscn and Ir\ggIII contacu pr0-

vide File nec:""'Y signals for II>e 
ConF'~ u~t The conP'~ ""it cal
culale. tile reQti~ed duratlOi"i of 
injllCtion and then by means 01 
e~ ~"np conl1oirr the injec
tion ...... 10 1l'1li1 thiiy Ir\JilCt 
II'lC:Q Of leu fuel In ItIIS way Phe 
to-arIed "t piC QUiiIlbly 01 fuel" 
11"'1&"...,;1. 

In ",he V·, the folow;, ill must 
be rooted, IM.!aft 01 Injection is 
determined by the Ifigger contacts 
in the Ign~1on dlslribulor On the 

• 
• 

.:~,::'. 
n;::,01 

...... g ---""'"' ... , 5 • 
!foe" $ E II: I ,--1 ' __ 'WE 
3' __ 
4 c o __ _ -~" Lt . "'_ - ', ',-

O!het 1wInII, rhe dur,,700n oIlnjec
tIon - ..,.;I1hus !he quantity 01 
fuel 0'Ijected - iI dine" "i""d by 
thii '" p p ,' ... IiiI'ISOr operating 
t7'IIOugh the eiec:I,onic \me _1CtI 
in Pile contt~ UM. 

I 

" 



The pr_~ fTU"U,.-.t 
IY*tem " Iosldold ., • 7 F F '5 :I 
metal housing Whic:h II COOVI8CIoId 
Ir.tOlJgh a spedlll ollant* with 
\tit common iflt&kll .... nifold of 
\h4I engioe, TIIII pr-.ure MI\sor 

contains two ~ eels 
wild> <f ' m WI .".,.rur .. io lot , 
• col M lhlioad loci : pc, la" 
MIIIII/I~~.pr$H~IIif>UM 
common inFakll manifold inc_' 
_, !hi diaplVIIgm eels are p<es
sed togoother and the ."",lun! iI 
cnwn lao'lhef Into the coil: as II 
...... It the ~ 01 Fhe col 
Irocr-. En other wordll, tt.. IS /I 
!TMNI5u,emenl \I'IOIducIIf which 
convertll /I pnlllllTllltic signal Into 
/In electncal Signal TIIII induct"", 
pick-<JP (if> the preMurtI SIIn$OI') 
II OOI">'IeCted to l1l'i electronic 
\lrneI' in _ control unol n. lorner 
dIIte<rninas _ oo,,1Ion of _ 

electric pulsel "hIcf'; IIrfIlI'ansmll' 
ted to the injl!ctlOO vat>ras_ TI>8 
grOlJP 01 injection vallles Is opened 
lor _ duration 01 Filii putM. In 

!hit way \he """11 mllf\ilold ~
...... con, ... rted duectI't me !he 
oooeapondm:g dUrltion 01 "".,.,. ... 

WMn th8l1'1rott1f1 ylll\le Is doSed. 
!hoi Inlllkll lNItlildd ptftM"''' 
It 10" M • • ePt, the dieplvagm 
eeII _ prO'" Ed Ie. fifmly 
logoother and they Iide tI'IIt am'IIt

IU', OIJI 01 1l1li col, The Inductance 
oIlht collis 11'1\18 lOwered, thtI 
puis" become, soon"" and lhe 
Y/lfveI in)8CI1eu ruel 

" 

" 

" , 

, 

::--21 .. _"' .... I ... _ 7, ':" 
" "" i i ... 
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Matchlnlto 
Operattnl 
Conditions 

Ful-k)ad 

Do.rirog 1*t1)ad Op8ia!ioo' of the 
wogIne. the fuel 1:1 met.1Id .. u.t 
IhllIue1 CDI\ItIII'lPIlon and the pr0-
portion of urb.mIId componetltIc 
In the ext'lllust gu ... e as low .. 
pend ..... 

At lui 10M hawr.'8f. the """""" 
oIlvt1 '*IlIired 1:1 determlrled on 
the bQI:I 01 ....,.;mum power. I. I .. 
allul-ioed eddiIionIII fua m""t r,. 
1n)1 :1«1 "'to the en;Ioe. 

Inlo", ..,tlon on Ihl:llul-loed 
en,letmenl (p" ... ure ooncWons 
... the IntIoke menIIoId) Is povftred 
by the prellure 'n 'ISOi . ControtleCl 
by the diaplvewn pert. tile indue· 
IMQI of IhII coils changed, '" the 
pen",,*, r8nQI (Fog. 24) \he 
.~oc pi'IUUf" flO. is gr .... 
IIf then II'oe p"1SIUf. on II'oe onteIc. 
OT$oIlo1c1. , ...... '"uti. the 
d ' l$)lw""" is: ,,,n'$$ed against III 
p&lHoed atop. Only diaplvegms 
, and 2.ct on the armature, 

In Ihe Gllse oIlul-ioer1 (FOg. 25). 
the "'tlke manifold p"8S$u,e Is 
abou, equal to 'M atmospheric 
p"Hsur • . Tile ap<trog Is thin abl<1 
'0 pr ... the diaptwagm aoaonst "I 
lui • ...,; ttop, 

This additional movemen' coun· 
teracts Ihe fl'llNlOnent at the arma· 
tur. ce' II d by dlaplwagm oeIIs 
, .nd 2. and ..... 7" II1e lui '* 
co"diliolllO II1e control lril 

In lystIIM ~ ... subl ' 10 
__ deio.odo", Ill ........ ' l1li con-
CliIiont.l!A I:,", ........... .,e'" 1:1 
c:ont,otIeCI by an I!dditioroeI conl8ct 
In the tlwottle v ..... hftd\. ..... 
' ..... It. , ... Cllaplwagm section 01 
the p" .... u ...... "" i. 81iminated 
IOf rull·1oed enrichment 

" , 

' . 
I 

" 

" , 

I 
,.D "'---.., ..... ---• e ' .... "_{?IlI 

.,." " 

t, ._e:n .. " 
2 ....... ". -,. 
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Z 0 ' , ._ ""'" ,--....... --
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Attttude Compensation 

In 11'3_ ",,~~ lui !ocd 
.. ~ oontJoIcd bV !he 
IhrOItie v .... e swttch. !he pr~e 
HNlDf does not contain a double· 
diaplv"llm 081 but in$tecd hes one 
dc"d~ ee~ arid an 
toCIditionIII diaphragm c.I...-. to 
the .~. ,.. I .-.II. not 
od1lh11 absolute pr~ in !he 
inllke manrloki but IIMI!he 
diHe<"'08 in prHl1K1 ootween the 
Ifee atmosphere end tM common 
inllke mtnilold it Ilk'" Into 
accounl ln pi8COlk:e tI'IIII « II ... 
tlltt In !he ~ .... 'IIRCI" the 
....... it rnalChed much more 
ItCCUf8te/y to .-.ying t/titudes. 

A(;uleratlon 

When tM ttwottll ...... opens -
ll. ~IC' •. atlon - !he 
pr_ ... e HI\SOr ,eports the rise 
in prlssure to the contrOl unit wtth 
• $light delay. ThIa $light delay in 
re'/IO"le '_sllom the lacI thet 
1hI1ncr_ in prlKlUl'e In the 
........ --.of ,~ ... slighlly 
Ion\l« tme than till er.anoe in the 
potjtion of the tl>rottle valve. In 
order to bridge lh .. alight delay in 
response. a throttll va"'. s wKch .. 
lnQuded In the s)l3lem which ICII 
ttvough the control unit to proJl:M 
addIlIoo* "',tkw\ pr .... ..tier; 
the lIvottle _ it opened. 

Tlwottle V.,.,. Swltdl 
The throttle valv' t witch Ie litted 
with tIIdio 'U contacts and contact 
patt.. II it acI .... ted dir~ bV 
Ihe IhrOtdI shaft In K':COdancto 
wI1h Ihe mo,emenl of the IhrOtdI 
\I1I1ve During -o-clerl100n. lhe 
sliding contact move. &Cf05S the 
oomb-.haped contlOCl pathe IIld as 
• result produOM 00. onty e.I ... · 
dcd Io\jeClioo1 bini bullbo add!
lIOnel ir: lb. ""'II I lor w. : 
!'Ition ... nchm ... t 

OWiilun 

COmbuItlon Ie QOf'IIJnoIed durIn9 
0> II'I.WI bec1tIae the emoI$ion 01 

noldous _"ponen" in Il<haust 
get" it ~ tMn ~ an IlnllIIlOI 
II ... 1&rted .ne< Its combustion 
chambef has coo lld down as. 
,eMJII of !l<lmbuItoon M"""U -. 
.topped. Since IhIrI Ie I poore< 
rooung of air end fI.oIIln • coo: I :I 

,. 

" 
'. 

" 

combus'ion 1;hamblr. It com· 
busloon Is IntemJplcd. ,-.-cd 
ign:tion would fllUll in the ..... 
lion of II! <IfIIOOIPI<IbIY IIrrge 
IIf\'lOUflI of ",...". :pifttely burned 
1&fId thus noxiou, corr:ponents In 
IhI e .llauSt gaL In additl(ln. In 
er91 ill fi lled W1ttr e .lu::um 118' 
(;I1&tyzen.. till danger would ..... 
thIt Itell ~ ... would burn ....... 
Intake Air T empereture 

T8'S_tuNSl nll' 
Tire quantity (l/ fuel Inje<:lfJd into 
!he anoo--- II OQf.lnld mainly by 
the Intake menilQld presstlle TNa 
<XIIi .. oI. how""". appf;es exlOClIy 
onty 10< a constant tempe'e' ... e 
bIcIuse 1\ • low amt..lt tem .... 
n:Me the denIity and thus \hi 

\ ,.,. I P, "_.J. 
. " .. , ... --_ •• 1eI , ... _ 

..e ... ' e,_b' 

I 
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"." " " 0110 __ 
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we;ghl (ll the _ drawn inKl the 
er:g:ne itl':lghe< • .o the _..full 
mb:tuf • ...-oukI b«", .. 1t -. If 
the contrOl rptIm did not COli' "'* the _ teJ,,!*ature, Pm:arIy 
at le mpet1!tUf" bet'looeen (1' C and 
,2ff' C thit aon , ... utl in m'lfirl!lg 
In order to IVClid Ito .. problem. 
I te"'P'l' ....... 'I )IoQJ it instal*! 
in 1M sySlem (F;g. 21).'" _ ... 
.. ,:perature docreases (hoIgheIlJt 
denslty). this 18J':perat .... MIiIOI. 
(lP8!"1ing ttw0U9h the control unit, 
<:auses the amount (ll luellnl8J;:tfJd 
ttl be inl:reased in 1l(:(l(lf0l:n<:e with .. ~-

The .. ' .... 1 .... &I 0lOI oonntl 
(l' . h", ... atUi.dependen' 

I 

,_.tor lnstliied In a meIII housing 

(Fill 13) \ 

, 
I 
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EFI·L 

" 

Elecln)nic: control unit (1) 
This Uf'IIt 'ecehes WlIomw.lIOO on 
the qo.olnbly of .. , drawn Into the 
..-.gina, Coolant and C'fIir>der hNd 
temper., .... pQ$IIIOn of the 
!hrome ......... the .1aI'ting pro< ' ., 
u ~ IS eng,,,. III F eel and '181'1 
01 inl"ctlon; ~ proclw,S Ih.lnfor
matlon and Ir1IIISmoI& IIICbi(; pW. 
IeS to n. te'l nokkIpeo lied w.ec
lim y.w ... It Is OOMfOCled WIth the 
e4eetrieal components In the 
system by means 01 • mullr,lll pIr, 
plug and wiring ........ It oonliolns 
abouI tJO comp0ntnt5. inc:tuc:Iin!I 
3 ... leg,.,ed circu1t1, and is con
structed on the Dull 01 prinled "'-InJeCtiOn VI"'" (2) 
sPfeys ,he fuel Into the intake 
manItoIdI 01 the....,. ... CJiIJ."."... 

Schematic Diagram 
of System 
" I $"!oId out the double ~ 
I' the back 01 thilI boOI<Jtt u.t 
Ihows ICI_IIC 1:"' ..... of U. 
fRO &rid EFH ... 

The rlUmbef. given In the te~1 
bE' : •• with thIO various compo
nenIa In tIw EfH. ITIIIl(:tIthe num
ber8 on the diag<am 01 the syslem 

.... ·now 11-..0< (3) 
IrWiIlmII& IntormaUon on the 
amount o' ak drawn Into the 
engine 10 Ihe control un~ and 
...... ct. thIIlveI pump on 

Tempf!fatu •• $6IUDrS (4) 
report the tempe.al",a of the 
coolant Of c(.ndef heIId to the 
(:QI'II,oI unit. 

Thermo-lIme twitch (5) 
autome'Ic''"i rwita- off the start .... 
Slatl vahoa (6) 
"""I'S addltionaI luel Into the 
Intake mar.ilold durong ,'-<WIg M 
lOw tempera"""'. 

Elecuic MtlIIOO'IP (7) 
conlinllOUlly r ! r ' .. f\.IeI to the 
lril:1ioo _~ 

Fuel liter (Ill 
is Installed in the fuellino to de!in 
lhe fuel . 

F ..... ~" '-vulelco' (9) 
hold, the pr_a In the ",... lines 
COOItant 

... ".;"'Y .... de. Ile (Q 
prO'Y'd ' ..xJi1lONll"' •• tunc
toon of tehoperatufe <bing warm., 
llw'olllt ~ IwiId> Ill) 
SlQll8I11 idle and IuIHQoiId to 1M 
CO<ltfot ul'lit 

RNy" (12) 
swrtet'* 1M controt "",t and !;he 
IueI pump on. 

I 
I 

" 



Oper:attnl 
PrinCiple 

kl !he Em. d.-.eIopecI by Bosch. 
luellnjection is oonlfolled by the 
amount of alo' drawn Into the 
8flVIM, Rl>duction 01 the n(ndoUl 
~"!he •• hMmt goooJ 
-.ct simplified eotIIlnIction 0I11oe 
InttCbon system _a the primary 
ob;lct", ... pYraoed in the d<:NeIop
ment 01 thi5 sYitem, These <:IiIIe
rant objecliYes are luHj~ by the 
MW pmc;pIe 01 air'fIow sen&II\Q 
In ao:IcIollon, Iodvlllllages lObo result 
lrom the use of ontegrated "'CUI~ 
In the III :!I'Otlic oontrol unit and 
by Ihe sompliliold o:Iefg-, 01 ;'d";, 
dual Iys\em components, 

In the seetion "AJr.Juot Ratio" 
ewIIer in this booklet ~ w,," 

e~piained thallhe SloichiOlllelrk: 
.. too 01 _ to IueI is 1~.' """"" 
g''''''''' II used. From this ~ c.o 
be re<:ognized thaI the amount of 
air drawn into the eltQirle is e very 
exact measure lor the amount 01 
fuel required, 

The .......,.,..,1 of ... drawn Into the 
f111ogin6 is measured wltll an aI
flow......". ..... iii/oped lJi("" ' sly 10 
meet the requiremenq; in the 
.e!>IcIe, This serosor transmits the 
r!'iOtI important informatiOfl lor fuel 
I1'I6IerinQ to the oontrol ur\It 
this reuon. this .)lttem Is ' 
Ted -____ INe- Of 

't the lettlll' "t" 

Advantages 01' 
Alr-ftow Sensing 
• II'ie Injecbon ryalem •• n, • ..,,,,,,.,,, •• 
___ "nsihg automatocaly 
q;kNlo1to IK:C<KJnl al cheriQ8I1n 
II'ie eng,ne which can occur 00""11 
the ,...,Ice lIIe 01 the vehicle 
tabr ....... ""'- '~ in !he o:om
buetlon cneo,obeo, eto.rIIIe in ~ 
~ a(C.). UnI/oom IiIOOd 
q" '1y 0I .. ~ 11M iI lherelor. ........ 
• In the EFl-L pert 01 the e~halJst 
va c.o be (eclfculated 10 ~ 
thel""'Pffiltur. In the oombuSllon 
cNmbw The _-!\oW 11'"Il00 
m •• iIre& ooty the "-II _ drawn 
inlo the engine, and !he oonlrol 
....,~ 1TMj1lll', the quanlity 0I1ue1 
required for only the amount of 
I(Nh IIir 
• ,. ",,"'I nentary rnechenism lor 
rnb<Iure "nld., .... l1 durIrIQ.' Ii 
.. liOfI .. not .lIQUi'ed...... - the 
aIQnaI transmitted by the _-Ibw 
..-.or precedes eII..-" of the 
C)'Ijl'lo:lert. In sIId,lion, ilne liability 
IIlmpro~ed_ 

" 

" 

L 
""_of II! booW I ' ~ , 
controlled fuel in)IClKw. sum _ 
higl'ie< enol'" pewlll' and lower 
fUej consumption are also ollered 
in lulll»llha EFI-L Th .. inJeCTion 
system is "'pIe In construction 
-.ct .. the electrontc conIroll;W' 
cuotry. and q IUII<lIIpIitIiIlo mil
functocn. low ~I of 
alHbw I Fils/lOG .-..IIs in • rUQQed 
lTMj,..lI"merU .yslem wNcI'o 
dlrady laka. Into "CQ)ilfOt meny 
vnbiel >III.,.1Io1jj f111ogiooe ......... 
lion. The use 01 intoqated dro.olU; 
In the cor"' .... 11M lleallbo reIlAIed 
In low •• .."lobility 10 malfunctIOn. 
Moreover, Itoe conbol unrt can be 
".,,;gned at low east to monitor 
.-.II contJol!ullIa a.haust gIIS 

I"IIII'Jlation llQUipITl6nI. The EA-l. 
thus .... -"1 a ..." .. hiIoJtt\I 
da.iii/oped ,~ and an-. 
more eIle(;tl .. ryalem to ~ 
e.,.,. ... t gIIS IllQUlztionll wloich.e 
cartaon to beccme more strin(lelOl 
in \I>tI futu.e. 

EFl·D 

"'< 

J 

... 
c " ' ' .. ... ., ... " _m. 
"" ..... ~ _,U'l ,. __ ....., 

Air-ftow Sensor 

11'ie ~ ditfereoce between 
the inUll<e 'y$lem In ttoe EFI-l. end 
Ih .. inltike Iyslem in lhoi EFl-O l_ 
in !he IIr-flow HMOr In Itoe EFI-L 
I component ... hic:to Ilea g'_ Its 
name to Il'oIi injl;ti(>rl ~_....,.. 

The IlohlCtiori of !he _-flow 
HOsOt iI to V ........ I. a '<'OIIaQe 
signal POOjlCh1lonallo tile amoont 
of a. clrawn into the enQine, 1~1s 
IignaI end tile inlormallon on the 
erijjInoe ~ I 1(' ere the main Inputs 
used by the ",,",bol 11M to (Itt .. -
mo. .. the duraloon of nj S ;bOiL In 
tile .... .fIow IIMSOr lIMo ... drlwn in 
by lhoi engine •• ert •• lorce on a I 
movable 1Ir.flow ""'SOl" filip, 
Depencliljj on the aINIaw and the 
e"eeIF"" OW"" • iii """om; lorce 
01 •• Oljj. the air.flow ''l"II0I' nap 
Is held In • certain 8fIIIUiar _ilion 
which .. 1..--1 by a poTentio
mO. 

I 



A COITIP'nsatlollllap altached 10 
!he _.flow Mfl!IOf flap campen
IIlas fot I'" ibie back-pressura 
OIC*Ztlonl bec8.- ~ hBa !he 
I I , .. effect"'" surface area as !he 
_I\t:p. so ~ OS' 7s\ionl 
have no ellect on the _·now 
E E cLog func1ioI'~ Idlhe u - ., *':e 
.". compensation IIIIp, 1Oge1";eo:., 
wIIh a deIr.,.:g c;Iwnbar, redw F E 
,. 7:tiont In Ihe meas..-ement .-. 

The ... ~ MIISOI' flap is also 
lintc! with a non .. eturn valve 
deslgroed 10 f)rOtect the air·now 
--..01' agaJnz! dama~ In event 
01 ~k-pr_Ufe IUfQIIs. 

FIQ. 32 VolWS the relationshlp& 
tJel'Weeo1 vor..,.. 01 eif, air·now 
__ flap lIII018, potaoti0m818r 
vott.u-, ...cI fUel InJeCted. II we 
f\aI1 wIIh e oortaIn IIOk.Ime 01 air 
chwn Into !hoi tngnlllIfId fIo .. ing 
tmIugh the .... -fIow -.sot' (pdnI 
OJ. the "*'t'lItiN,> required 
_I 01 fuel it found (point OJ. 
In I!Odibon. de!>'-odi:g on Ihe 
amount 01' air 110 ... 'II tIYough !he 
... ·now EEnzor, \he MnSot nap .. 
~ to a oortaIn llap ow>gIe 
(point A) ..... ,result 01 the 
8WfOxOfnately IogaritivT1;,; $Mpe 
01 the curve, the relalive meas", ... 
ment errot r ....... ;ne .. ery n&arty 
constant over the ""tire ran.ge, 
whlcl! II adltlllltaQolOU' IOf exact 
me~hing 0I11le fuel when the 

::!
' It idling ot Is at peoHoed. 

""hOmelet ac1i'<a1eo:l by Ihe 
__ !lap sends a vot

..... (POinI B) - whictl it a 
tunc,,,,,, 01&111 angular posibon 01 
the _ flap - 10 the control ,,,,-

The CotItrol unrt coo ,bol!; the 
Inj E cUoo ...... ea. In Fog 32 ~t C 
,.,.-. .. lhe amount 01 fuel 
In~tt(j into the eng'ne as a tunc· 
tion 01 the potllfltoomet8l' voIt8ga. 
and point 0 tepresents the amooot 
0I1lie1 Injecled as a function Cli 
tha amounl of a" <lrawn into the 
eogr ...... II un be saan that the 
theoretically requiuld Bmount of 
lueI....:Ithe amount 01 fuel 
..mo. ... 100 ate the same 
(Ina C-Q). 

• 
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Start of Injection 

All injection valvel are COfif_~ 
111~"1caIy in ,.. ..... lind ain'IUI' 
t.neousIy rtl :t tIIII' oI1he requI
r..:I ~ oj IUeII'Mce dumg 
-=II n>tIItion aI\tIe ~ Thill 
elmplillM \tie electronic cir<:uitry In 
the conlrol unit. lind In eddIIion e 
l ixed '''''tionship beI_ ,he 
eam,lIa.ft angle IlfId the ' Illfl ef 
ignition II nc k'>n\Ief nee_yo 
,.. e .esuIt, the trigger contacts In 
the Igi olioti distrllulor ean be 
' I' "i ..... 1Mi The inj. , ticn p .... ,_ 
cont,~' 3 1 fn:om !he dlstrltoutct """"-In ... :qli .............. 
d$tItoutcr OOI'kicI poiolb O!*'I 
lour Ii" 8S dwll'll/ MCI'I OI*"tinQ 
eycle 01 the engIrM. However. 
aInce Iu~ II infected only ,wice 
per engif18 ~lIling qo~e, tht 
Irequency must be dl\>lded In half 
In the control unit In k:~Ii'" 
erogi II the Irequency IT clNlcIId 
~, I' +/ by a fKtlw oj 3. 

Duration of Injection 

fig, 34 shows the po 1$1, (IeM' 
"Ied In the beslc ope"ticrl of the 
oont.oI unit, •• uplalfl8(j belew, 

The pul$es reoo/IIed f,om the 
contact point. in \tie ignllion 
dielfibutor (1)'" oorhefted Ie 
IlCtangullr p ,z z 7 In the puIH 
Iheper (2), 

Since i1jecbcn OOCIq cnIy twica 
per rotation of thot~" but 
lour p,iuz ara tI'InImIIted dumg 
Nd1 rotation ef tile camsn.tl. the 
Irequency mu.t be divk1«lln half 
In the frequency d"'IdeI (3) 

Tha I'(!ctanguler pulses .ffI used 
10 cnarge II capacitor (") EKh 
inJection pulse, I). beginT with the 
dIzocIIarge oOf IhiI cepedlor; here, 
the poMion oI1h1 ... -fIow IIBf\IOf 
IIIp In the v·fIow __ - .. e 
«E " uffl cot the -..... 01_. (A,. 
do .... inlO !he engine - ~ the 
,,-t Importanl ITCIor dellltfYllf>lf>g 
the durllWn of injection, VTr\ouop 
compensation tactCfS (lul:!ced IlfId 
Idle from \tie threttle •• ,~ rwilch, 
engine t8mperTturB Irem lhe tem' 
PB'IIure aensor). logetI'Ier with the 
aIgnaJ fn:om the air·fIow S8t\ICf and 
lhe ~ frequency C_"'ed 
trem the ....".16 'II Ud) deI."Iio'16 
lhe duration aI ioljecIoon (51 .. 'oTd, 
.. led In the torm 01 p ..... Ie the 
injection va/Yel (61, 

" 

o 
, 

Matchinlto 
Operatinl 
Conditions 
In _'opeIlICfI witto the EFli), 
f_ compenN.tion IOdjustmenb 
effl 'liquwfld !Of the duration of 
injection In the EFl-L The leasoo 
lor this Is that Ihe principle of elr
flow on"" Wt .. dhet account 
ef a multitude of fac:IOrs which 
Inllueoce lhe IueI .equweo'IfII ,t ~ 
the ..... ' MalChinrg 10 coId-sl.-l 
cou,fiIloo'iS..-.d Ie !he ".,,>-tIP 
Pl'CC: , ..... pi, •• In 11* 5Y$1em 
sm ' . 10 the way til ", lIfO' 
.e C80,oed out" \loa EA-D and II 
.-:ribed In \loa genar., II :tiorl cot 
this DOoIdet 

Idle and FulH.ollld 

In ~ with IIoa ttvettIB 
valve awltd'l in the EfirD, thot 
tlvottle valve ..... iIc/I in the EFI-l 
'-~ w-Ily ~ifId, The 
contTCI PIIu./cf "', ...... wy 
enric:Iwnent twl...e bean eIim"",tfld 
aod the tlvcttIB yalva switch coo
I8ins only oroa conlaCt lor Idle BOd 
one lor Iu~·ro.d The swilch''''' 
COfltacl IrIlY'" .1\ a specially 
shaped track and switches on the 
eorrtllcts lor kIe ..,.;I luI:bod (88 
IIoa """'" "'-Y be) ... fur .... Iico, 01 
cer1ain poeItioroI of the aor IhfOttioo 
....... TM output 19' 317 .. e prO' 

cued by the control 11M """'" 
del .. " .. oil", !he o:IwaWn cf "IJBC" 

'""'. 

,-... .. 
2f ... ' " 

o 

" 
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StartIng 

Rds,Se1 
When .... ignIlian • IWiIched on. 
.... .-, HI awltd'leol batter)' vol
tee- 10 .... c:onlrDl 11M lind inIoIc
!JOn l1li"'- WId ....... the engine " 
stiorI.,;I, 1l'1li NIIay sel swilches on 
ItMI alectrlC fuel pump. lhe aterI 
valve. !fit ~mo-llme ~ICI'I. ~ 
tile au~a,ary .. 1t doYlee. Illhe 
anll'l>lI beglOl1e optIf8ta by i\seII. 
t/Ie ~ 5~ 10.- the pump 
and Ihi .... xJie,ry ... d.hice ;. 
"-'_ Ihrough a conlaCl In 
.... _-flow MI'\IOr, If the starting 
p". ' II ;. flO! IUCC "lui, the .... V 
HI II'llanupb the eleclric CifCUOl 
lelldlr>g Ie .... ail_irK: fuel pump 
(cyinrjef IH:>ocIong prGlectloo), 

FueI"9N ..... Ra; .al"" 
A mlljOl' difference io the fuel
prIS""'1 .ltgulatGf in thl ERrol 
compared with the ' e<;Iulal"" In the 
ER:(I. IIwII the opr'IrIg c""",t.-
is comectad ttvough a Ii'oe with 
the ioIaica ml'uloId, Aa I ,-.011. 
the ditter.-.c. beNo Ilr the ..... 
Il*IiIoId pr __ e and the fuel 
pr_a II held con.lBnl The 
drop In prllll"a _OM the InfIC' 
lion vaN_ II thar'elGfe equal 10.
a~ Hled COndItion. 

S II, llOid'OjMl'e1ad II\iIICtIoo 
V ..... 
The -.ction YIMs in the ERrol 
dotl .. from the dMigns ..- ., the 
ER-O oNy by a _ I 'I'er opet\II'IQ 

O'''''II.boo1, n. raducbon II 
MaCIIU'Y bee.UI the I .... 
IojOC\ed rwIce pe! retation of the 
ClIO""""!! In tha ERrol wlwifaes ~ II 
ioie<;tad only 0IICfI pa' camshaft 
rota~on 10 the ER-D, 

,.." en. I ...... hal .. , ......... "" ... 
• , I I 

, ~""' -.-' .. 1 __ ...... 

'::""'!'" , ._-."' ...... -e Co<._ .... , .. Intake _. 
,,-



Lambela Probe 

Genonol 

Regulalionl: ImIIing .... <XlnOI!n' 
Italio .. 01 nolllous ~\a WI 
the aJdlaUl' gaseI emitled "om 
lnterB31 combollion ""9""" .fe 
COrlStllt1t1y becoming more strln
oent an(j Ihll d~ates COIll,rn.ally 
mora aocurate ""'t"'ing 01 the 
.... ·fueI 1TIlIII ..... 

80sch has dlo P' ... .>fId. probe 
which m r 7 Lf .. the OJ(!/98fI con· 
centration In .~hauSl QilSe'S. The 
outpuI IIgnaI trom It"" ptobll .. 
used to .8(luIIIl& tile ... -fuel mi., 
tUfe and as a .esuM makes i\ 
possible - used togetlw' with 
........ :$ . ..... Ull g;II catalyzers -
to Io\"ef !he eone6l1trabon of 
no ..... ~IS WI e>.haus\ 
oes .. . 

" 

L • 
Construction 

.... LMtbio piobe. The ...... , .. 
body ot the pt. it ~"ed In a 
I\ouIIIng which protlllCU tile cenI
mlc body aga",s' mechMical 
IIlMlH!flOllS and _. lor in.lalla
lion 01 the pr<>be. The out..- par1 01 
the ceramic body II poIIlioned In 
the stream 01 emeu.lg;us ..... 
the nner par1 lit In contII<:t with the ......... 

The ceramic body COIlIIsIS 
basically of ziroonkJm dIootlde. 
Each of lis lur!aca (lnskie and 
outside) is coated with .... IIIec
trode ~ 01 • thTn '-Yet of plat!
"""" P6.ni'Ftte 10 l1li1.'" 8ddIhon. 
• porous oe<amoc "yeo' II .....,$ j 
10 the surI_ ... IX' .... to the 
,wu.1 ca_. TNs layer piotec11 
tile lurface of !he electrode 
against contamin.~on Cilused by 
combustion raslr.lues III 1M 
•• hllust gall .tr .. m WId asSures 
llIat the choat'lICetIslics 01 the probe 
do not chaoge. 

.. a 
co 22 ....... 40_ 
......... i 5 11<_ , , , 
• • • , 
• • 

.~-~ lo> __ _ 

1 _ ... 5 -... -2C a ,_ 
sa..._, 7 

.~ · _._.....,10,... 
.. ~ ......- ... -

Principle 0' Operation 

Operation of \he I.AmbI;Ia probll is 
tIll j on !he fact ~11he OIrBITIIC 
mMariJI ured becomM oonducI...e 
for o~ygen ions al temperatures 
of about 30CP C and '"lItIe. H IhII 
coneentf1loon of o.yoen ~sIde the 
poobe dIfftn "om thaI ootsIde the 
probs, an ele :1I'1CIIi YOIIagoI. 
doi. l..-s boor- _ two ... • 
f..: I t+ .'08 of !he """W 
ehar~tK:I of \he ..... 1 ..... 
used This vol1a\le ... ,,-sura for 
the d>lf.,..enC<!! in ttle o~y""" cart
<;"..,tration OIl the lWO .odes of the .-



The exhaust gases emilled from 
lin inle,"al combustion engine 
oooIa," re.idual c omponents 01 
oxygen even when combustion 
takes place with an excess of hlel. 
F<l< 8X8mfl"'. with.i. . 0 ,115, th8se 
()xygen components amcunl to 
0.2 ... 0.3 '110 by ¥OI!ime. The rMi
ctual oxygen concentration 
clepends greally on the cornptI$I. 
lion of tha air-Iuel mi.>:Iure which 
is led into the engine for com· 
bustion purposes. 

This dependence mal<es il pos. 
sible 10 use lhe oxygen concen· 
tretion in te... exhaust gas "" a 
measure for the alr·fueI ratio IIr1d 
thus for the air factor • .i. . 

As .. rBStlH 01 sliitable selection 
01 probe materials, we have 
succeeded In se1llng the h;ghest 
senslli\lity of the probe in the 
rllnge of l - t 

Operation In Vehicle 

The speci~1 sensitivity of the 
l probe In the ranoe of .i. - 1 
makes ~ possible to feed the 
OU!PO.l1 8<11",,1 from the probe "" lin 

actual val~ 10 the control unit 
in the EFI-o or EFI ·L As a resull 
it is poasIbie 10 construct a closed 
loop. This means th-at tI>e system 
itself can monitor whlllhflf the 
$p&CItied air-luel miJcture actual"" 
results in combusllon that emits 
exhaust gas tow in I\Qxious com· 
ponents. H tIM! miJcture deviates 
from the specdied value. thIS is 
sensed by tIM! .i. probe on the 
basis 01 the resk\ool oxygen con· 
centration in the exhaus! ga9, IIIId 
thIS condilion Is communicated \0 
the control ""it in toe form 01 an 
electrical signal. The oootrot unil 
processes lhis signal 10 chanoe 
tlra """'-tion of Injeclion. and thus 
corrects the alr-luel mlX!llre prac· 
tically lnettle·lree. 

Using the .i. closed loop and the 
EFI-o or EA-L it Is poss~ to 
achievfl the deQree ot ae<:uracy In 
r8\luiaUng the COll'lJlO"tlOO of the 
air·hlel mixture which Is ""IIJired 
lor effective operation 01 exhaust 
gas eatal',lzers for detoxication of 
exhaust gases. (See Bosch Tech· 
nlcal Instruction "Fuellntection. 
Continuous Inj<tC!ioo System". 
Order No. VDHIBP 74111 B.) 
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Glossary 

NrIM:l.OI 
It 1lU000et'icallac:tor found I:Iy d/II. 
IcIIng the Kit'. emounI of intake 
.... by !he Iheofetlclol MIOUnt 01 air 
requited,.. ..... ,"""Ie combustion 
of tIM IueI pco, ':"d M11lhaliB1icaI 
rymbol.l. 

.... ,10 .. SenSClf 
A da"ce ~ \0 meter the 
\IOIwtMI of ... do .. ., Into the 

59", 

Ai-tk1t1r .. _/Up 
A nllp located In the .... !Iow 
_01. the position 01 which is. 
me .. "'. /of the ~ 01 air 
drawn inlo tIM w"" ... 
AltiIIIde _,,,,,,,,,'.Ion 
The doInaity oIlhe air decree" . 
at the allit..,oe increa .... II the 
I~ metemu were held conslanl 
, .. l.:l would , .... , in thol ... -fl>8/ 
"""lure becOi'rOng too rich at 
hogher -'tiIuda. The amount of 
IlMIIled to the 0IfIQI0 .. It therelorto 
che"lled and filii 110« : ! I is 
cIeelonaled alulOOe ~11ion, 

Au"",,)' __ de.oc. 
A ~III CUI..:>ltd .. " ..... UoIed 
in the ... Ine b~'P ' Ii !Nt 
IhfoI1lll v __ r Je ... dI ...... 
IIiding plale with II II<*Ilhrougll iI 
holds • chaoolll lor IaddItional air 
opIIIl ""*' the engine iI ooIc1 A1J 
~ Wl\mIS up, hoJl8\-er,. bometaIk: 
"'1) is _ted .rid sMtI the plate, 
~"'''i cutbrIO of! the I:>ypaa 
.... 10 that It II com",let.ety « ., 55 d 
when the engooe reeches oom .... 
Operat"'lI lempeoratur •. 

8KJo:-pre_ osdIIet.om 
S ... :ld"" surges In Pf ..... in the 
irQIce .....- '* II :I ~ ..... 
a.sIc quantity of fuel 
This It the q\lallllty oflue/lnjected 
InIO the IIfIII"lII ........ the addlIlo
MIl qaltir 01 tueoIlrlf'lCled as • 
,-.tt of .. other CQ ..... _Iioo. , ...... 

BimeLoI (&meta/k .~) 
Two rneIM IIrith different coem· 
dents of Iheo". ~ 
rnecn. "ally joined 10 Md'I otr..... 
The bencIng 01 , .. bimetal when 
tubjectad to haat .. .......:J 101 
mNSIJ,a1_t and oootrol ~-

"'"' CM.,_ 
A materI;JI vmIch by virtue 01 itt 
Pf~ promot,. chemical 
r...::lIons but which i_ "' not 
et.nged b'JI !heae reaction,. 

"""-So-li .. g with a eokI et.1e. 

Common /n"~a lINn/fold 
ParI CIf \he Inwa 1)'lIIem In spwk· 
.. lion .-.gh .. _ 'em. _ 10 
1M engone. ~ Intake ....... 
lolds 1M<! from !he 000,.,ooo11nIflka 
manifold 10 lhe indh.,.,. C',IIo"'L 
The throttle ~ ...... IIlocaiod In the 
oommon inU-ka mIInifold, 

c,aodei';bodII", pn;oI....u:... 
It prolectiYe circul11n !he EFKI 
and EAol which poa .... 1a ItoI 
cytlndan from baing IIooded ",11'0 
fuO. 

--TIM cIIaoTotoer In the """\0100 II woo 
In wtoictl1t>e damping (000''''''''· 
saloon) /lap mo ... (0peI.1ing ~ka a 
shock atllSorber). 

0\nlJ0n ollr 'acUotl • The pM<xj of lime o;Iumg which 
the 1n;ec:1Ion ........ a ~ 

ER~ 
EJectrc>niceHy-control~ ~I Injec· 
lion syslem, the operaloon 01 which 
IIl»ud on ....... foId1l" ..... ...... 
'R, 
Eleclronocaily-conlro'led hHIIInjec
lion $)'lItem. the operation 01 wtoIch 
._ on ,.,1\0 ... le·jing, 

EIecIJjc IueI "'-"""P 
M e!ecUif 51) -oroven tueI pump. 

""'_ It condtIc\ove pert _ it 
ill 5J 'go,*, 10 conducI III ebol: cur
rent 10 a powtlcuIo.,- mocIum. 

Exhau,t 11M IKltcuiat/on 
"- PfOC"" In wtoictl a part 01 the 
aJ<haus1 gal • fed t>!Id< 10 the 
engine. FIeciraAation ~ place 
in \he .... oIfo1d 

--"'" Adding Ilia luel \0 the IOIr dra ... n 
InIO the engine by maarot ol ." 
Inj B cllon tyltem. 

Fuel preuure regulator 
It ,eguialo< de.1ea wtoictl hoIde the 
ditIetetIC8 IMttwsp the tueI pr ... 
$\I" and lhe Intal<e manifold pres· 
sure consillnl (EAol). _ .. -
..." _-fuel """"' .... it iIIroItIobIe In 
the range of .... 0.7 .. 1.3. 

(Individual) InllI~a mamfold 
The cyllndeta ata supplied with _ 
IIYough !he individual Intaka manl
folds "","",=,", .... oon.-.::ted 10 lhe 
OOO'.~ Intaka manifold, 

Integratad I;IrcI,l/l 
An electronic circuit conslstl'lg 01 
insepArable ...,;,oooouctor .... 
ments on • lingle. usm,Hy very 
arTIII. ITIOIa"IIing plete. AbbfeWi· 
lion: IC. 

"""'mitlent 
OperaU'Ig with interruptION Inl",· 
mitten! Io:'feC:tIOn me_ lhat \he 
fuel II no( "'I:ted conlin.lously 
tout in$te.I peOOtic at,.... l ... at ... 
Inle"d. 

,." 
"-'ornI, molecules. Of me lacul'r 
Dl"oopI ""11'0 .., electric chafOlO. 



AptObe (lwnbdll ",abe) 
A poobii dEtlr*! tc Flit""' the 
oxygen o;onoerru.- in ~ 
9 , 

l ...... tNIfI_ 
A rrixt .... In .......... an •• cess 01 ... 
•• ists. 1 > 1. 1, • • the volume ot 
air It greater (han lroe lheoO'etical 
'8QUir_t 

MeES ... eo' .... !f"'~ 
(m' .......... l1...-s) 
n.trvrnenb wloiti. QOI1"",1 phrlilc::lll 
quanlrtioot Intc o~ quantitier;. For 
example: QOI1\W11on 01 hMt po .... 
sure. etc, Into eleclJical sl9nala, 

mc res/SfOI' 
A 1empera1Ur. iIopendenl semi
COI'dudor rzr IED. the ~ 
of wlrid . deer II 17 E .. the tempe
.. h .... inc:rU IIE (It. " .. tool, 
"NTC' sllrndllor "ne(IIltive I",." ... ·• 
,atur. coetflcia of', 

o".erarlng qe/e (ot!he infer" 
combuslion eo~M) 
One opa'allng cyde lr!cIo.,du" 
pm: 2 1 .17 In 11M c,,,_. atcw 11"11 
'fOm. CiIf1ain Oo"dilioo . untj the 
next .epetidon of the IIIm8 condi· 
tIon. In the . .. "oIee """,ne one 
operllting cre" Includes 2 'ohl' 
lions 0I1he Cl8nklhlltt, ''''''_'''' 
\log • strole .. o. the pistons, 

'lefoide "4*.IIor. during .. Irid. 11M 
iWlQir .. It dr106l'l bylhe ,/lIrd&, 
lor .><IOr1lPIe ..toen drMng downhil, 

Pan*"'d 
The !oed '..-.ge beI:WHn idIe.nd 
fuEl I ,.., 

PoIeoiWoneler 
MlllCblcill, "~, Ihe 
resist6I'Ioe of ... Irid. IBl be 
ohIInged meehInIeaIty, 

PreSSIMlt s.nsor 
A I1I8I;henIsm ",'rIeI. reporl!llroe 
press ... 10 be meal .. ed to lroe 
control urilin 11M tarm of elect ... 
eel -V- , 

Reley rei 
A orouil conais\log 01 two 'eJary .. 
By"...". 01 11M , .... y 118'. the 
QOI1lroi unk .. IwiIChed on and the 
starling operillorlt for \I're fuel 
po.rmp IIf!d ,,.. start y ...... ere 
initialed. 

Richmi_ 
A mixtwe In wtrid'l. tEefldanc~ 01 
a~ eX.b. l < t. l • • lroe ............ 
of lIir ill .... Ihln lroe theOfetieill 
.equlrement 

RoIIe<-eeJ /uej pump 
A fuel pump with • ,otor dose 
operali.", _bk 'i with 
, 1*<110 the pump"'" log, In 
' ... , U ' I in 11M q., 01 \trio rotor 
<*e are met.iII ~h ... lid. ere 
puarhed 8IIU"rII (roe purnp ~ 
by OliMri'fugailorce IIf!d eel as 
MI;d$, The I\Iel " car,;..! in thor 
gape ~ the ,citra and .. 
dM:rn forced inIo the""""i 1 Irion 
hIt*>g III the outlet trom the pump, 

~'JijoO:lrQjJ80.lI!d ., 1 do,,_ 
AIlInjeo::Iion vaIYe wI'Iid1 iii operl' 
led electromagnetically. t •• by I 
lalenoi(1, 

SpIti-lgnlllon angIne (OliO engine) 
An Inlemll COII'b.lllion engine In 
wloiti. comIIutlion 01 11M c0m
pressed ~ 1'I'IIrrtIn .. Ind"c'" 
by •• ternaI torrition II CiIf1ain 
conlroled~ 

Stan 01 injeclion 
Troe instanl In lime .. hen the 
InjICtIor; y~ open, ......... 
A z,c la 'iOid-opeoated intICbOtI nou" wtoIcI1 'Ilf8YI .:jdilloneolfuel 
in finely atarriad form II1to the 
errgine In'TImGIi Inhlk. manifold 
during I starting proceu when the 
engio Ie Is ocU 

SIo/eIlIOo.""'io: eIMueI ,.,/0 
The ratio 0I1he amounl 01 ... 
Itreorelic ,.,' r.qo:M'ed!of compIeli 
In'Tlbo.lstion 01 • <*lain amounl 01 
fuel For U ........ 11M .. wage 
.-o!chiomell'lc a~ .allo ill 
1.:1. l e. ,. kg ol.~ ar. 'equired 
for compIoili ~ 01 I kll 

,""" 
s-!Mll .... 

An .j!Clioo. r'IInZIe In .. Irid. II 
IWiI1ing llrolil<l It Imparted to the 
fuel by \angentIIII Intake ports so 
that the 1"" ieev" lroe rroultt in 
finely atomil8(l farm, 

Temperaflll\! ftIflIOf 
All instrumenl ... hICh II ' I .... 
t"""f*3llllliS IIf!d repom them In 
the farm of elaelloc.sri signeIs 10 11M 
oontrol ooit 

Th\!rmo-,wifCll 
A ...... Ich which operates as • 
I\I, .... tAA, 01 temprF«ltlll •. 

TI>errrrIoiime _ell 
A """ell which operates lIS II 
fooctron of IImper.l....., (similar 
10 troe II'IermO'swlleh) but whoch 
,emains switched on tor on~ a 
c.rtaln lim~ed length oIlrme, 

Tl'IrOIiJe valve ..... cI: 
A awrtch .Iid. " KtiYaled by the 
ti'orottIe ....... The \hro1tle ...... 
lWItell Iigr 1 IhIi oper.1Injj cor •• "''' 
tionI of de and 11M f lied 10 the 
controF uriI, 

T,1fIUe1 comlCls 
Conlacts In Ihe igrOlIoo dlstrbJlor 
In IhIi EA-O ... hid. IranImIt lroe 
pr.tnfor start 0I9i11oo. to ttoe 
control unit Wl1 alia pro}"", .... 01'. 
mellon on er._ ~EEd, 

-~ 1,."a/FIon period oIlhe engine 
\Jom cold 10 normal opa'.trng 
temperatlJl'8, 

Wlnn up ef ... Ichr .... 
In order to cOmpIP'lI'or the 
~ mixture t.c'l"lWljj ",-eo 
... .-.It of ,,,,,,,*,",Il00 Iones. 
61'1 ecId.\ioIiaI amount of fuel ill., 
to lroe engine during .arm",p 

I 

" 



Test Pal. 

This test ~ give. you the 
opponoolty to clleck your 
knowledge of the ""'ten.! discus
sed in ttK$ tecMic:alinlt'UCtKln 
tJooklet 

Th. correct answers are given 
at the end 01 these qUftIlona "" 
that you ..... y cheek your answers. 

I How I'I'IOdI _ Is ,equlred IOf 
complete combuSlion 01 I kg 
01 tueI \gn :"".)1 

o a)tkg 
o bjt4k(j 
D c)28kQ 

2. Wllllt"!he term gIYen to the 
",110 (II ... and fUel lor oom· --, o a) mbm,lI" .atlo 

o b) , toictOometrk: ratio 
D c) ehar\'l1rI9 .fttoo 

3. W~h the throtlle valve closed 
and with !tit tng1ne O!lMating, 
the pr_.a In the cornrtIOI'l 

Intake men.oIoId Is: 
D a) lower Ihtn 
o b) !he 77 ...... 
D c) I ........ tI'I8rl 

!he .. po nJfl In tronl 01 !he 
I'" OllIe 'tlINe. 

• The -.rt v_ spraya .odlicr 
.... fUel: 

D a) dillIC~r Into the cylondtor 
o b)lntothe_,.,oonlntake 
~ ... 

D c) In Iront of the IhrollSe vaM! 

5. How are the InjllCtKln valves 
operated? 

0 ."'-
D b) by fCtlnoldit 
o c)hydr ...... ~ 

6. The w .... ~ 1OddiIJ<:w"" .. 
D a) when ~ -"- .. cold 118ft 
o b) at !he t'I(II'mII opeIaling 

1." ...... I .. e 
D c) during KCllefltKln 

7. The ~1lonao1._ .. led to the 
engine Itwoogl'l: 

D a) 1I1a a"xiliary ... do,lce 
D b) 1I1e IIJxlPary· ... '"nn .. 1 
o c) the l tart valva 

" 

8, The EA-o II contrOll8d mainly "', o I.l the .. ·now ...at 
D b) the IIYot1Iot ........ 
D c) the V--" 1I,'tIQ' 

,. 
o 
o 
o 
10. What oompcll'*ll in the EFI-o 

dotarminellhe s\art of 
InjllCtKln? 

o I) the biNk ... oonlllCtl In lhe 
IOnItJon cIIstrlbutor 

o bl the triggar conteets In the 
Ignll.", d"tributor 

o c) the pressure _ 

11. The ~ III1It "I '-" 
In ~ ' •• ge eorrnp-id$ 
w, 

D a) 181m kgf 
o b) ~1aIy 1 (;;;! 

12. The EA-L If controlled mainly 
",. 

D a) lhe" pr." ...... 
D b) 1M pr ....... Hnaor 

o c) lhe air"'""'" I ......,. 

13 An edjustmflnt of the EFl-L 101 
'eq".ed: 

o I) U the engine bIiCom8I -D b) II not '*!U'" 

CJ b) II limita the du.ation 01 !Irne 
du.lng whidllhe lle., .......... 
switched on. 

D ci 11 Op8fatalf lhe 1lU~"" 
dhioe.. 

la w. understand the term " .. 
18ctor", .l (lambda), to I ... 

"'" D a) the ape-;i:...... I~" 01 ... 
o b) the YCIIumI 01 ... dI'Iwn into 

Ihe eoglne 
CJ c) the ",Eio of !he YOI\.me 01 .. 

drawn Into the ~ 10 1l'1li 
thlKll'etical requlren_.1 01 air 
lor compilEe comoo.tKln In the .... ~ 

19. The.l proo. _ .... : 
D .1 the Quantity of , . IIeu$! gat 
o b) the 'f'dd .. w 0lCY(I80't pre 'MI 

in !he exhIust III' 
CJ c)!he ....... "'" IIIf '-"'**~ 

c "" . "'0. 
·~" "" .I'q LE 
'qi l"" S' .. . , 'q t'''' 1i 'q" "<1 0 ' 
.. . ... . .. L .. . '<I i'<l ... e ... l q' 

D ci when !he v ..... adIuStment ct\I(ogaf 

14. The .. ~ _ fIIIp In the 
_-flow 11 __ ' 

D a) T,"dT a voltage IiIInIII to the 
oonlrOl unII propor1ional to Ihe 
voIu .... oIlntaka air by - """ 
01 a pot..,lIomal. 

D b) conlrOlllhe volume 01 
Intake air 

o c) aS5ll"- the tunc:!Ion 01 IhI! 
1I1.ottle ya"'" 

15. Start oIlnjllCtlon In the EA-L 
.. utog.ed by, 

D a) lhe aIr-now ""*" 
D b) 1M trigg« conlaCta In the 

IOr*IOn diltrIbuIor 
D c) the biE"'" o;:ontactT In lhe 

ignitIan <I:Ilributor 

16. AIr...".,. .. ",Ing~: 
o al mor. compInNtKln faeto<a 
D b) ,. .... <;Oo ' ",*"!'tioo, !1iCtofI 
D ci In eKpensNe contrDl uoIt 

17. What addItIonIol operetoon ;. 
perl .... " .... by the lhermo"'llme 
~h In compan. on wltllthe 
IMftoo·.wttch1 

o I) IIlW1tchft off .. tM cootant 
temperatura MIa"~"'. 



illustration of 
Components In 
Schematic System 
Dla.rams 

EFI·D 

1 E'-<:trOl'1c COl't,oI unit 
2 tnjec1k1r1 .~ 
3 Pr_ ..... ""SO( 
• Tempel'llt ... ,. sensor 
5 Thermo IlWitCII or thermo·time ...,'" 
6 Start ......... 
1 Eleclric !uti pump 
6 f ..... 'ill. 
9 f..,1 pflm". "",-tor 

10 Au.IIi&ry_ d.rioI 
1 1 ThroI1le.atve swoIm 
12 T~ COfltaell 

EFI·L 

1 Electronic aontroI unit 
2 • Jt.Ikin".... 3Air __ 

• T""""I1~'....of 
~ Thermo-Ii", •• Wllm 
6 Start._ 
r Electric lull pomp 
8 F ..... IiII. 
9 F ..... 1l' •• ''' •• egul.lor 

10 Awc~lary-elr de.1ce 
11 Ttv()f11a vahI.llWitdl 
12 Retay set 

A\n'IoepheoIc pressure (pu) 

Pr-.. .... 
Intak. menllolcl(p,) 

'0" 

- " 



EFI-D 

EFI-L 


