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Jetronic fuel-injection systems have
proved their worth in millions of cases
since they were introduced. The continu-
ous further development of the control
unit and the sensor have led from the D-
Jetronic to the L-Jetronic and made this
fuel-injection system more precise and
more reliable. New circuit variations in
the evaluation of the sensor signals have
led to more economical and more com-
fortable operating qualities of the engine.
Thanks to the use of the Lambda sensor
and the Lambda closed-loop controlinte-
grated into the control unit, the L-Jetro-
nic can already fulfill the exhaust-gas
requirements of tomorrow. This booklet
tells you all you need to know about the
latest developments in L-Jetronic.



I'he spark-ignition engine

The spark-ignition
engine

The spark-ignition anging s an axter-
nally_ignited internal-combustion an-
ging which converls the energy con-
tained in fuel info kinetic enargy.

In the spark-igniticn engine an air-fuel
mixture s formed outside the combus-
tion chamber. This mixture is fed into
the combustion chamber whare it is
compressed. Combustion of the mix-
ture is caused by time-controlled ex-
ternal ignition. The spark-ignition
engine operates in timed phases,

Principles of operation

An ignitable air-fuel mxtuee is igrted
and burnt inside a working cylinder.
The combustion heat given off in-
creaseas the pressure of the pre-com-
pressed gases. This combustion pres-
sure is higher than the pre-combustion
pressure and produces mechanical
work via the pistons and the crank-
shaft. After each power siroke the
burnt gases are exchangad for a frash
gir-fugl mixtura. In the motor-vahicla
engine thiz change of gas takes place
usually in  accordance with the
4-stroke principhe.

4-stroke principle

The axchange of gas in the 4-stroka
spark-ignition angine is controlled by
valves which open or cloga the inlef
and oullet poris of the cylinder de-
pending on the position of the crank-
shait.

The 4 strokes of a working cycle are:
& suction

& comprassion

® combustion {work)

& exhausi

1st. stroke: suction

Inbet walve: apen

Oiutlat valve: closed

Piston movement: downwards
Combustion: none

The downward moving piston ine
craasas thae volume of the combustion
chamber, enabling a fresh air-fuel mix-
ture to be sucked past the open inlet
valve and into the cylinder,

2nd. stroke: compression
Inlet wvalve: closed

Dutlel valve: closed

Piston movement: upwards
Cambustion: nona

The upward moving pistonreduces the
volume of the combustion chamber
thareby compressing the air-fuel mix-
ture. The comprassion factoris approx.
T ...10, according to the type of enginea,

Fig. 1 Working strokes of the 4 stroke emgine

1 Suotion siroke, 2 Compression sinpdn, 3 Whrking strode, £ Exfarst sirois

3rd. stroke: combustion (work)
Inlet valve: closed

Chutlet valve: closed

Pizton movement: downwards
Combustion: yes

The comprassed air-fusl mixture is ig-
nited by the ignition spark at the spark
plug. As the mixture is burnt its temp-
erature increases and the pressure in
the cylinder increases, The pressure of
the combustion gases drives the pis-
ton downwards in the cylinder and by
means of the connacting rod produces
movament of the crankshaft.

dth, stroke: exhaust

Inlet valve: closed

Outlet valve: open

Piston movement: upwards
Combustion: nona

The upward moving pisfon reduces the
volume of the combustion chamber,
whereby the burnt gases (exhaust) are
axpelled through the open outlet valve.
The stroke cycle rapeats itsell after the
dth, stroke. In the actual cycles of the
internal-combuslion engina the open-
ing times of the valves overlap some-
what, whereby gas flows and oscilla-
tions are utilized for improved filling
and emplying of the cylinder

Efficiency of the spark-
ignition engine

The efficiency of the spark-ignition en-
gine depends to a large extent upon
the Tollowing criteria:

COMpression

combustion process

air-fual mixturea,

as well ag upon its machanical dasign,

Compression

The higher the compression, then the
higher the thermal efficiency of the in-
ternal-combustion engine becomes
and the better the fusl usage. The ma-
xXimum compression is limited by tha
aclane requirement. Knocking means
an irregular combustion of thea ignited
mixiure and leads to oversiressing and
damaging of the engine, With regular
(homogenous) alr-fuel mixiure and by
uging the flow effects in the intake
path, the octane requirement can be
adjusted in thedirection of higher com-
pression.

Combustion procedure

Far the quality of the combustion pro-
cess it of is prime Importance that the
fuel mixes intimately with the air so
that it can be burnt as completely as
possible during the power stroke. Fur-
thermaora it is important that the flame
front progresses spatially and in regu-
lar form during this pericd until the
whole mixture has been burnt. The
combustion process is considerably
influgnced by the pointin the combus-
tion chamber at which the mixturais ig-
nited, and by the mitture ratio as well
as tha manner in which the mixtura is
fed into the combustion chamber,
Alr-fuel mixture

The specific fuel consumption of a
spark-ignition engine is for the most
part depandant on the mixtura ratio of
the air-fuel mixture, Consumplionis at
itz loweast with an air-fuel ratio of ap-
prox. 15 kg air to 1 kg fuel, Taking an
example this means that approx.
11,5001 of airare necessary o burn 11 of
fuel. The exact (theoretical) value for
complete combustion, also known as
stoichiometnic ratio, i514.7:1.

Since motor-vahicle angines opearale
mast of the timein the part-lead range,
they are designed for low fuel con-
sumption in this range. For other
ranges (idle, full load) a richer fuel mix-
ture-composition is more favourable.
The fuelinduction system must beabla
to fulfill these varying reguireaments,
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Fig. 2 Sloichiomelric air-fuel ratio for ideal
comburilion with low pollubien

The air ratio

Toe indicate how far the actual, avail-
abla air-fual mixture differs from the
ideal, theoratical wvalue nacassary
{14. 71}, the air ratio 4 (lambda) has
been chosen.

input air amount
= air amount required in theory

Ammq
The input air amount corresponds 1o
the amount necessary’in theory.

A<
Lack of air or rich mixture, increasead
powrar output,

P |

Excess of air or lean mbciure, reduced
fual consumption, reduced power oul-
prut.

A=12
The mixtura is so lean that combustion
can no longer take place,

Fuel-induction systems

Fuel-induction systems, whether car-
burgtar of fuel-injaction systems, ana
interded to produce an oplimum air-
fuel mixtura., Fuel induction for tha
spark-ignition engina is camied cut by a
carburetor or a fuel-injection system,
The carburetor is still the most com-
mon form of fuel induction, but nowa-
days there is a marked tendency (o use
ranifald injection for fuel induction.
This trand has arisen as a result of the
advantages offered by fuel injection in
connaction with the demands for eco-
nomy, efficiency and, last but not laast,
for low-pollution exhaust gas,

The reason for these advantages is
that manifold injection permits eox-
tremely precise metering of the fuel as
a factor of the operating and loading
condition of the enging, whilst taking

Fig. 3 Influence of alr retis on suipet V and
consumpiion i ka8 spank-ignition engineg

inte account the environmental in-
fluences. The composition of the mix-
ture is thereby maintained at such an
exact leval that the pollution content in
the axhaust gas is relativaly low. In ad-
dition, tha arrangemeant of one injet-
tion walve per cylindear results in an im-
proved distribution of the mixture,
Since the carburetor can be dispensed
with, the induction paths can be con-
structed in the best possible way, thus
permitting improved filling of the cyl-
inders, which in lurn leads o a mone
favourable torque.

Mechanical systems

Mowadays the K-Jetronic is the most
widespread mechanical fual-injection
system; one that does not require any
form of drive and which injects fuel
continuously. This system is described
in detall in the booklet “K-Jetronlc®
(WDT-U 3M1) in the Bosch Techaical In-
slruclion seras.

Electronic systems

Tha L=Jetronicis an electronically-con-
trolled fuel-injection system. It is a fur-
ther development of the D-Jetronic, At
regular intervals the fuel is injected
electronically via injection valves into
the intake manifolds. You will find a
description of the system in this book-
bt

Fuel injection in motor racing

with fuel-injection pumps
[Fuel injection mﬂunﬂ in l'l.;
ing car engines at the beginning

the fifties. After 1951 n:pnrim-r!n.u
were made in the USA on Indiana-
polis racing cars. First of all it was
direct injection that became geéne-
rally accepted in motor racing. This
type of injection, whereby gasoline
is fed directly |nlu the combustion
chamber of the r head,

became ular ~Wir
Silver Awnnpm of Dmm[g&%unf.

Injection was carried out by in-line
pumps, as is common with today’s
diesel engines.
1954 saw the of the
Mercedes-Benz WI196 with fuel |
injection. Shortly after this the
British racing-engine manufactur-
ers BRM and Vanwall went over to
fuel injection. Now there are no
more engines in Formula 1 racing
which are supplied with fuel by car-
buretors, The Ferrari, Mﬂ%ﬂ
Romeo and BRM 12 r
cngineshalllh uﬂﬂmlm-h[lymn
m gir supply,

ﬂ:-: the Ford V& l:onmrtg i
wmuhnssuuuudlnmmgmdmth
which James Hunt became World
Champion in 1976. These 31
-:ug,um turn out between 450 and
525 HP

Fuel injection became mi-
{mnuimw quickly in Formula
- gst motor sport class,
relatively g . One of the rea-
I o inton oy
restrictions governi
fuel-induction system used. ﬁur—
theless, the uretor continued
to dominate the touring-car class
for a long time. The racing laws
prescribed namely an
tion o a series, so that fuel induc-
tion had to be maintained as stan-
dard even with increased outpul,
When the restrictions on the type of
fuel induction to be used were lift-
ed for the higher racing classes 2
and 4, and the present group 5,
there was no stopping the break-
through of fuel injection on a broad
basis. The result is a 10 per cent
increase in output compared to the

spark-ignition engines,




L-Jetronic

The L-Jetranic is an alectronically con-
trollad fusl-injection systeam which n-
jacts fuel intermittently into the intake
manitold, It does not require any form
of drive,

Task

The task of the gasaoling injection is 1o
supply to each cylinder just the corract
amount of fuel as is necessary for tha
operalion of the eéngine at that particu-
lar momant. A prerequisite for this,
however, is the processing of as many
influential factors as possible relevant
to the supply of fuel Since, howaver,
the operating condition of the engine
often changes quite rapidly, a spesdy
adaptation of the fuel delivery 1o the
driving situation at any given momeni
is of prime importance. The electronic-
ally controlled gasoline injection is par-
ticularly suitable hare, It enables a va-
riety of operational data on any parti-
cular location on the vehicle to be pro-
ciessed and converted into electrical
signals by sensors.

These signals are then passed on o
the control unit in the fuel-injection
system. The conltrol unit processes the
signals and calculates the exact
amount of fuel to be injected.

Advantages

High output

The elimination of the carburelor en-
ables the induction paths to be des-
igned in the best possible way and a
higher torque can be achieved with
batter filling of the cylinders, Tha fueal is
injected direcily in front of the inkal
valves, Only air is fed to the engine
through the [nlake manifolds. To
achieve an optimal distribution of air
and filling of the cylinder they can ba
dasigned to make the maximum use of
air-input flow,

In this way a higher specific output and
a torque curve appropriate to practice
can be achisved.

Less fuel

With the help of the L-Jetronic the an-
gine only receives the amount of fuel
that it actually needs. Each cylinder re-
ceives the same amount of fuel in all
operating conditions. In the case of
carburetor fuel induction systems,
unaqual air-fuel mixtures occur for the
individual cylinders of the engine as a
result of segregation processes in the
intake manifolds. Optimum fuel distri-
bution cannot be achieved if a mixture
i3 created which is suitable for supply-
ing sufficient fual aven to the worst-fad
cylinder,

This results in high fuel consumption
and unequal stressing of the cylinders.
Ina Jetronic system each cylinder has
its own injection valve. The injaction
vialvias ane controlled centrally ; this en-
suras that each cylinder receives pre-
cisaly the same amount of fuel, the op-
timum amount, at any particular mo-
ment and under any particular load.
Only the correct amount of fual is in-
jected, never more than is necassary.

In a flash

Tha L-Jatronic adapts to changing load
conditions almost without hesitation,
The necessary fuel delivery is calculat-
ed by the control unit in 2 few thou-
sandths of a second and Is injected
through the injection valves directly in
front of tha intake valves of the engine.

Exhaust gas with low pallution

The concentration of pollutants in the
exhaust gas is directly related to the
air-fuel ratio. f you wish to operate
the engine with the least poliutant
emissions, then a fuel induction is ne-
cassary which is capable of maintain-
ing & certain air-fual ratio.

The L-Jetronic works so precisely that
the exactness of the mixture formation
necessary for observing the presant-
day axhaust regulations, can be main-
tained,
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Ouwr fuel injection
systems save fuel
by the barrel!

An =“E" or an “1® on ike rearof ihe car demotes
“Gasoline foel-infection”, 1i can save up is
16% fuel secording io ihe manser of driving

ﬁmﬂ'!ﬂlﬁ'ﬂ:uamm

The relevani measurements were carried
ot at the Technical University in Vienna: A
car with a sandard carburelor engine
umderwenl a cleverly thought out Lest pro-
. The same vehicle was then convert-
ed 1o Bosch gasoline fuel-infection and the
test program was repealed. Technical differ-
ence: Rosch gaseling Muel-injection.
The jourmney covered hundreds of kilome-
ters, throwgh heavy city traflic, along coun-
try roxds and expressways. The result was
glull.u clear: in practical driving situations in
and o couniry roads a vehicle with
mulm: fucl-injeciion saves up fo 11% of
1o the same model with car-
buretor, With overrun-cutofl (switching ofl
th:r flael lupEI::p during everrun) up o 16%

hrmlllwuﬂm:d tests which we have
Been maki lml Ithtrurﬂ!hﬂﬂd
making Ffuel-injection

‘What s the secret?

The Howch gasoline fuel-injection system
measianes out 1he Muel 5o Lhal jusl enowgh as

is necessary for the particular driving condi-
tion is supplied. This appli . ritis
warm of cold, whether the engine is lightly

of heavily loaded. In our "Technical Center

fior Giasoline Fuel-Injection” K- and L-Jetro-

nic are adapted 1o the engines in close co-
ratbon with all the well-known mlor-ve-

hicle manufaciurers,

In order o guaranies the optimum fuel

utilization we wse climatic and cold tesi

sinmeds 1o simadate the most varied envi-
ronmental conditions as are Tor

example, in the Sahara or in the Arctbe.

Chver 100 models with Bosch gaseling fuel-
Ili,h:l.h-l

The firsl series production of Bosch
fuel-injection systems started in 1931, Since
then they have proved their worth nearly 7

-mﬂhnﬁmnmr.ﬂucmﬂ:mrmm-
Lages, such as fuel eoomon m:nuw
|'=|!u:lj|m'|u:|1'1:|-|:|Ilvu'r-:||::lh'lr exhaust l“l'

haviour, cars of nearly all classes ane now
being fitted with gasoline fuel-injec-
tion,




Principle

A pump supplies fuel to the engine and
creales the pressureé necassary 1or in-
jection.

Injection valves injact the Tual inlo the
individual inlake tubas. An elactronic
control wnit controls the injection
valves,

The L-Jetronic consists principally of
the following function blocks:

Induction system

The induction system supplies the en-
ginewith the necessary amount of fual,
It consists of air filter, manifold, throttle
vahia and the Individual intake tubes.

Sensors

The sensors {probes) register the vari-
able quantities which characterize the
operating condition of the engine,

The most important variable is the
amount of air drawn in by the engine
and registered by the air-flow Sensor,
Other sensors register tha position of
the throttie valve, the engine speed,
the air and the angine temparatura.

Control unit

The signals delivered by the sensors
are evaluated in the electronic control
unit and from these signals are genear-
ated the appropriate controd impulses
for the injection valves.

Fuel system

The fuel systam supplias fual from tha
tank to the injectionvalves, creates tha
pressure necassary for injection and
maintains it at a constant level. The fuel
system also incledes: supply pump,
fuel filter, distributor pipe pressure re-
gulator, injection and cold-start valves,

Fial San Air

Fual Cantral Air-flow

pump unit SENA0T
L

Fuwl a] InpaCAiON s

filnas ~ | varas *=| Engine

Fig. 8 Principhs of the L-Jeiromic (aimplified)

L

Fig. ¥ Summery of bhe L-Jetrenis sysiem

TFeal ek, 2 Elpcing fual pump, 3 Fusl iftor, 4 Disiributargdos, §Pressume raguianor, B Contalvalr, Finrectian valoe. § Srarn valive, Didie-apesd sojusnng screw,
10 Thegitie-vahve gwatch, 71 Throftle walve, 12 Air-fow sensor, 10 Aelay combnatien, 14 LamBoa sonsor (ondy lor cenam counirnes), 15 Engine temparaiere
songar, 16 Thermo-tlme switch, 17 ignition distibutor, T8 Auniliany-sir device, 19 lole-midune sojustng sorew, 20 Battery, 21 ignition-starter swilch




Fuel system

The fugl system makes availlable undar
pressure the amount of fuel required
by the angine in all operating condi-
tions,

The fual is pumped from the fuel tank
by an elactrically driven rollar-cell
pump undar approx. 2.5 bar pressura
through a filter into the distributor pipe.
From the distributor pipa fusl lines di-
varge to tha injection valves. At the end
of the distributor pipe is a pressure re-
gulator which maintains the injection
pressura at a constant level. Mare fuel
circulates In the fuel system than is
needad Dy the engine undar the most
extreme conditions. The excess fuel is
raturned to the fuel tank by the pres-
sure regulator bul not under pressure,
The constant flushing through of the
fuel system enables it to be continually
suppliad with cool fuel. This halps 1o
avoid the formation of fuel vapaor
bubbles and guarantees good hot-
starting characteristics.

Fuel pump

An alectrically driven roller-cell pump
serves as the fuel pump. The pump and
the electric motor are in a common
housing and are permanently sur-
rounded by fuel. Faulty seals and lubri-
cating problems are thereby avoided
At the same lime the electric motor is
well cooled. There is no danger of ex-
plesion because thers is never an ignit-
able mixture in tha common housing
for pump and motor. The pump Sup-
plies more fuel than the intemal-com-
bustion engine neads al maximum, in
ordar to maintain the pressure in the
fuel system under all possible operat-
ing conditions.

The roller-cell pump itself consists of &
cylindrical hollow chamber inwhich an
eccentrically fitted rotor disc rolates.
This is fitted with metal rollers which
are held in pocket-shaped recesses
arcund the circumferance. When the
rotod disc rotates the rollers are
pressed outwards by centrifugal force
and act as acirculating saal. A pumping
operation is effected by the circulating
roller seals which periodically gener-
ate anincreasing volume at the fuel in-
let and a decreasing volume at the fuel
outlet.

When starting, the pump runs for as
long as the starting switch is operated,
Once the engine has started the pump
remains switched on. A safely circuil
prevents fuel from being deliverad
when the ignition is switchéed on, but
when the eéngine is stalionary (e.g. af-
ter an accident).

Fig. 8
Block diagram of

fudl gysiam
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Eneciric fuel-pump
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T Fig. 0

Pumping procedure
Rolier-cefl pump

I fmtmks (sucthan)

2 Fafar aisc

J Ralfer

4 Pudip hauding

5 Proggure side

Furel nof pndar
pressung

Furel

suppdy

Fual wader
predsure

The fual pump doas nol require any
maintenanca and is fitted in closa pro-
gimity to the fuel tank.

Fuel filter

The fuel filter prevents impurities in the
fuel from getting any furthar,

Afilter is fitted Info the fuel circuit after
the fuel pump. The filler contains a
papar insert with amedium pore size of
10 um, backed up by a strainar which
retains any loose paper particles. Tha
direction of flow indicated on the filtar
miust ba strictly adhared to for this rea-

son. A support plate holds the filter in
the housing. Tha fillar housing is mads
of metal, The filteristobereplacedasa
complete unit; its service life depands
onthe amount of dirtinthe fuel and, de-
pending upon the volume of the indivi-
dual filter, amounts to 30,000-80,000
ki,



Pressure regulator

h r re lator nt h
pressure in the fuel system.

The pressure regulator is fitted at the
end of the distributor pipe. The press-
ure regulator = a diaphragm-con-
trolled overflow type which maintains
the fuel pressure al 2.5 or 3 bar accord-
ing 1o tha indmidual System. Il consists
of a matal housing divided nto two
chambers by a beaded diaphragm: a
spring chamber for the pre-stressed
halical spring which rests on the dia-
phragm and a chamber for the fuel,
When the set pressure is exceeded, a
valve conifrolled by the diaphragm
opens the inlet 1o an overflow channel
through which the excess fuel can flow
back to the fuel tank without pressure.
The spring chamber of the pressure re-
gulator is connected by a fuel line 1o
the intake manifold of the engine be-
hind the throttle valve. This results in
the fusd-system pressure baing depean-
dant on the absolute pressure in the
manifold and the préssure drop across
the injection valves therefore being
identical for every throitle-valve posi-
tion,

Distributor pipe

The distribulor pipe guarantees the
same fual prassure al each injaclion
valva,

Thea distributor pipe has a storage func-
tion. s volume compared with the
amouwnt of fuel injected during each
working eycle of the engine is large
enough to prevent variations in press-
ure, The injection valves connected to
the distributor pipe are therefore sub-
jected to the same fuel pressure. The
distributor pipe also facilitates sasy
fitting of the injection valves.

Fuel-injection valve

he inj lomw ine | int
the individyal intake manifolds of the
cylinders in front of the enging inlet
\IEIHHE.

Each engine cylinder has its own injec-
tion valve. The valves are solenoid-
gperated and are opaned and closed
by means of electric impulses from {he
control unil. The injection valve con-
sists of a valve body and the neadle
valve with fitted solenoid armature.
The valve body contains the solenokd
winding and the guide for the needie
valve. When there is no current in the
solenoid winding the nesdle valve is
prassed against its seat on the valve
outlat by a halical spring. When a mag-

Fuel system

netic field is generated in the solenoid
winding the needle valve is lifted by ap-
proximately 0.1 mm and the fual can
flow out through a calibrated annular
arffice. The front and of the neadle
valve is provided with a specially
ground pintle for atomizing the fual,
The pull-in and release times of the
valve lie in the range of 1 to 1.5 ms. To
achieve good fusl distribution with low
condensation loss, wetling of the in-
take manifold walls must be avoided. A
particular spray angle in connection
wilh a particular distance of the injac-
tion valve from the inlet valve must
therafora be maintained spacific to
the angina concamed. The injaction

Fig. 1T Distribitor plpe

i Feal dnled, 2 Disriburar pips, 3 Conmpcthan for
starl vaive, 4 Presswne regulator, 5 Rofwm Mog,
i Imlaciion vafves

Fig. 12 Fuel fitter
1 Papar fiter, 2 Stainar. 3 Snopodt plade

Fig. 13 Injecticn valve
1 Rfay, 2 Salencd winding, J Salencld §meiug,
4 Noedle vakvs, 5 Efectdcal oannaslicn

Fig. 14 Pressure regalator

1 Feal comnachon, 2 Fuelreturn conmsaction,
A%alve plate, 4 Vale holder, 5 Ddaphregm, § Com-
pEesaian gag, T Waduiur conmnpeian

valves are fitted with the helpof special
holders and are mounted in rubber
mouldings in theséa holdars. The haat
insulation tharaby achieved prevants
the formation of fuel-vapor bubbles
and guaranfess good hot-starting
characteristics. The rubber mouldings
also ensure that the injection valve is
not subjected to excessive vibration,



Mixture formation

The mixture formation is carried out in
the intake manifold and in the engine
cylinder.

Thea injection valve injacts its fuel di-
recily in front of the inlet valve and
when this opens, the cloud of fuel is
drawn along with the air which is
sucked in and an ignitible mixture is
farmed by the swirling action which
takes place during the intake cycle,

Fig. 15
Injectian-valve
mounting

Fig. 16
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Control system

The operating lemperature of the ¢n-
gine is calculated by means of sensors
and fed into the control unit in the ferm
of alactnc slgnala_Tha sansors and tha

rntral unit form tha contral tam.

Variable quantities and
operating condition

Thie varable guantitios characterizing

the operating condition of the engine

can be distinguished according 1o tha

fellowing systam:

& Main variable quaniities

& Variable quantities for compensa-
tion

® Variable quantities for precision
compansation

Main variable quantities

The main varable quantities ara tha
engine speed and the amount of air
drawn in by the angina. These deter-
ming tha amouni of air per stroke
which then serves as a direct measure
for the loading condition of the engine.

Variable quantities for compansation
For oparating conditions which devi-
ata from normal oparation the mixture
must be adapted to the modified con-
ditions. We are concerned in this con-
naclion with the following operating
conditions: starting, warm-up, load
adaptation. The calculation of starting
and warm-up conditions is carried out
by sensors which transmit the angine
tempearature to théa contrel unil. For
compensating various loading condi-
tions, the load range (idle, pari-load,
full-load) is transmitted to the control
unit via the throttle-valve swilch.

Variable quantities for precision
compensation

In order to achieve optimum driving be-
haviour, further operating ranges and
influgnces can be considered: fransi-
tional behaviour when accelerating,
maximum engine-speed limitation and
overrun can all be calculated by the
sensor as mentioned above. The sig-
nals from this sensor have a particular
relationship to each other in these
operating ranges. These relationships
are recognized by the control unit and
influence the control signals of the in-
jection valves accondingly.

Combinedeffect of variable quantities
All the variable quantities together are
evaluated by the control unitin such a
manner that the engine is always sup-
pliedwith theamount of fuel necessary
for its aperation at that particular mo-
mant. In this way optimum driveability
is achiaved.

npul quaniitias
supply

Control wnit and
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Fig. 17 Signais and control guantities fed info the condrol unit
{h, &ir drawn in, & ai fempersfone, & sngine speed, P engine load-range, Sy engine temperaiune,
¥y fuad quantily injected, (. auxillary air. Fgg encess fuel for starting, Oy vehicle-system vollage

Calculatingenginespeed

Information on engine speed and the
starl of inpection is passed on (o the L-
Jatronic confral unit in breaker-trig-
gerad ignition systems by the contact-
breaker points in the ignition distribu-
tor, and in breakeriess ignition systems
by terminal 1 of the ignition coil.

-

Fig. 18 Caleuisting anging speed with &
Breaker-driggered igmition 3 yaem

# engine gpeed, T igedlion distribufor, 2 contral
Lt

Processing of impulses

Tha impulses deliverad by the ignition
system are processed in the control
unit. First of all they pass through a
pulse-shaping circuit which forms rec-
tangular pulses from the signal “deli-
vered® in the form of damped oscilla-
tions. These rectangular pulses ara fad
inte a fraquancy divider,

The frequency divider divides the
pulse frequency given by the ignition
sequence in such a manner that two
pulses occurforeachworking cycle re-
gardless of the number of cylinders.
The start of the pulse i at the sama
tirna the start of inpaction for the injac-
tion valves. For each turn of the crank-

shall each injection valve injacts onca,
reégardless of the position of the inlat
vahie. When the inlat valve is closed,
the fuel is stored and the next tima the
inlel valve opens it is drawn into tha
combustion chamber together with
the air. The duration of injection de-
pends on the amount of air and the en-
girve speed,



Igmitean seqguence of the cylinders
and aparing tmas of tha inlel valves

Ignition colivers rigger pulses

Pulse shaper gensrates rectanguiar
pulags

Frequency divider halves the impulss
paricd im grdar 1o coniral the injection
valves

L

Measuring the air flow

The amount of air drawn in by the en-
ging is 8 measure of its loading condi-
tign,

All the air drawn in by the anging is
measurad and serves as a main vari-
able quantity for the fueal distribution.
The amount of fual determinad from
the air-flow sensor cutput and the en-
gine speed iz referred to as the basic
fuel guantity,

The air-flow measurement registers all
changes which can take place in the
enging during the service life of the
vahicle, a.g. wear, combusticn-cham:-
ber deposits, changes fo the valve
setting. Since the quantity of air drawn
in must first pass through the air-flow
sensor before entering the engine, this
rmeans that during acceleration the sig-
nal leaves the sensor bafore the air |5
actually drawn into the cylinder. In this
way, namely by supplying mone fuel in
advanca, fusl anrchmeant for accalara-
tion iz achievad.

Alr-flow sensor

The principle Is based on the measure-
ment of the force emanating from the
stream of air drawn in by the engine.
This force has to countéract the op-
posing force of a return spring acting
upon the air-flow sensor flap. Tha flap
is defiected in such a manner that, fo-
gether with the profile of the measure-
ment duct, the free cross-section in-
creases along with the rise in the quan-
tity of air passing through it

The change in the free air-flow sensor
crass-section depending on the posgi-
fion of the sensor flap, was selected so
that a logarithmic relationship results
between flap angle and air throughput,
The result is thal at low air throughput,
where measurement precision must
be particularly high, the sensitivity of
the air-flow sensoris also high. In order
to prevent the oscillations caused by
the engina suction strokes from having
more than a minimum effect upon the
sengsor-flap position, a compensation

Fig. 19
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flap is incorporated as an integral part
of tha sensor flap. The pressura oscilla-
tions have the same eéffects upon both
flaps. The moments of force cancal
each other out so that the measure-
ment is not affected. The angular posi-
tion of the sensor flap is transformed
by a potentiometer into a voltage. The
potentiometer is calibrated such that
the relationship between air through-
put and voltage output is inversely pro-
porional. In order that againg and the
temparature characterstic of the po-
tantiomater have no affect upon the
accuracy, only resistance values are
evaluated in the control unit. Inorderto
set the air-fuel ratio al idle, an adjust-
able bypass duct is provided through
which a small amount of air can bypass
the sensor flap.

The diagrarn shows the relationships
batwaen the air quantity, the angle of
the sensorflap, the potentiometar volt-
age and the fuel injected.

Cold starting

When the angine is started additional

fual is injected for a limited pariod de-

pending on the temperature of the
mgin

When a cold engine is started fuel in
the air-fual mixture condenses and is
tharaby losl.

Control system
Tocompensatefor this and to facilitate
the starting of the cold angine, éxtra
fual must ba inpacted al the momeant of
starting.

Thiz additional fuel is injacted for a li-
mited period of tima depending on the
temperature of tha engine.

This procedure is known as “cold-star
enrichment®. During this procedure
the mixture bacomes “richer, i, e. the
excess-air factor s temporarily lowar
tham 1.

Cold-start enfichment can be carried
aut in two differant ways: by the start
control with the help of the controd unit
and Injection valves or by means of a
thermo-time switch and a start valve.

Start control

By extending the period during which
the injection valves inject, more fued
can be supplied during the starting
phase. The contral unit controls the
slan procadurs by processing the sig-
nals from the starting switch and from
the angine temperature,

The construction and method of oper-
ation of the temperature sensor are
described in the chapter “Warm-up”®.

Start valvis

The start valve s ooerated by a sole-
nokd, thawinding of whichis situated in
the valva. [n the nautral position a hali-
cal spring presses the movable arma-
tureé of the solencid against a seal,
theraby shutting off the valve, When a
currant is passed through the solanald
the armature, which now rises from the
valve seat, allows fuel to flow, The fuel
then flows along the sides of the arma-
ture 10 & nozzla whera it is swirled. In
this farm of nozzle, a so-called swirl
nozzle, the fuel is particularly finely
alomized and anrichas the airin the in-
take manifold behind the throtile valve
with fuel,

Thermo-time switch

Thie thermo-time switch limits the dur-
alion of injection of the start valve de-
panding on the tamperatura of the an-
gina.

The thermao-lime swilch is an electri-
cally heated bimetal switch which
opens or closes a contact depending
on its temperature. It is housed in a
holipw threaded pin which is located in
a position where lypical engine tempa-
rature prevails. The thermo-time
switch determines the length of time
the slart valveis to be swilched on, The
time during which the start valve is
switched on depends on the heating of
the thermo-time switch by the warmth
from tha engine, the ambient tempera-
ture and by the slactnical heating in the
swilchitsell. This self-haating is neces-
sary in order tolimit the maximum time
that the start valve is switched on and
to prevent the engine from being over-

Feeg

Fig. 24 Cold-stard enrichment by starf Gontrod
1 Eagdne-pamparsiond aendoy, 2 Cormdralunit, Jin=
JElan v g & Bpalicn-gEmer swilch

Fig. 35 Cold-stan earichmenl by slari valve
1 Etart vabvn, F Thaermo-time switch, 3 Ralay com-
Binadion, 4 igaltion-slarmer swilch

Fig. 26 Start valve
! Fued indof, 2 Electdcal connection, 3 Soienald
wmmature, £ Salencid wingéng, 5 Swirl noznle

anrichéd and “drownead®, Tha alactrical
heating is the main factor govarning
the measurement of the time during
which the valve is switched on when
starting, (. g. at =207 C it switches off
after approx. 8 seconds). When the en-
ging iswarm, the thermo-time switch is
heated so much by tha heal from the
angina that it is constantly cpan. When
starting with a warm engine, therefore,
no extra fuel for starting is injected by
the start valve,



Fig. 27 Thermo-time switch
! Efecrical comseciion, F Housing. 3 Bimatar,
4 Haomling wingiag, § Swich comhnct

Warm-up
During the warm-up period the engine
receives more fuel,

The warm-up peried follows the cold
start. During this period the engine re-
guires considerable fuel enfichmaeant
bacause fual condansas an the eylin-
derwalls whean they are still cold. In ad-
dition, without supplementary fuel en-
richmeant during the warm-up pericd a
major drop in engine speed would be
noticed after the additional fuel
sprayed into the engine by the start
valve had baen cul off.

For example, at a tempearature of
=20°C, two to three times as much
fuel must be injected immediately be-
fore starting than when the engine is at
normal operaling temperature, de-
pending on the type of engine.

in this first part of the warm-up phase
there must be an enrichment depen-
dent on time, the so-called after-start
anrichmeant Thisenrchmant has tolast
about 30 s and, according to tempera-
ture, gives in the order of between 30%
and B0% more fuel.

When the alter-slart enrichment has
finighad the engine only needs a slight
enfchment of the mixture; 1his baing
controlled by the énging tamparature.
The diagram shows a typical enrich-
meant curve with refarance o tima with
a starting tempearature of 20°C,

in order 1o trigger off this control pro-
cedure, the centrol unit must receive
imlormation on the engine tempera-
ture. This task is parformed by the tem-
perature sensor.

L-ontrol syslem

Tamparature sansor

The temperaiure sensor consists of a
hollow threaded pin in which an NTC
resistor is embedded, NTC stands for
“negative temperature coefficient”™
and means thal the electrical resis-
tance of this resistor, which is made of
a semi-conductor matenal, decreases
as the temperalure increases. This
change is used for measuremeant pur-
pOsas.

In water-cooled engines the tempera-
ture sensor is installed in the engina
block where it isimmersed in the cool-
ant. Here, it gradually assumes the
temperature of the coolant. In air-
cooled engines the temperature Sen-
sor is installed in the cylinder haad of
the angine.

Idle-speed control

ring the warnm- h in
receives more fuel due to the influence
of an_auxiliary-air_device. This is 1o
ovarcome the frictional resistance in
the cold engine and to guarantesa a
table idling speed.

There are increased frictional resis-
tances present in a cold engine which
must be overcome at idiing speed. The
engine is therefore allowed to take in
more air through the auxiliary-air de-
vice by bypassing the throttle valve.
Sinca this additional air is méasuréd by
the air-flow sansor andis taken into ac-
count whan tha fueal is metered, the en-
gine receives more air-fuel mixiure.
With a cold enging a stable idling
speed can therefore be achieved,

Auxiliary-air device

In the awdiliary-air device a bimatallic
sirip operales a blocking plate which
controls the cross-section of the by-
pass channel, The cross-section open-
ing of this blocking plate is adjusted de-
pending on the temperature, so that
the opening is large enough for cold-
starting but becomes smaller as the
gnging temparalure increasas until it
evantually closes. The bimetallic strip
i haated alectrically. In this way alimit-
ed opening time can be achieved, ac-
cording to the individual type of en-
gine.

The auxiliary-air device is filted In a
position where it can sense the tempe-
rature of the angine. This pravents the
auxiliary-air device from coming into
operation when the engine is warm.,

Fig. 28 Temperaivre sensor
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Adaptation to load

Ditterent loading ranges necessitate
different mixture compositions. The
fuel-requirement curve is determined
for all operating ranges by the air-flow
sensor curve for the specilic engine,

Idla

It the air-fual mixture is oo lean whan
idling, this can result in misfinng and
unavan running of the engine. If neces-
sary, the mixtura should, therefore, ba
anriched for this operating condition,
An adjustable bypassis provided inthe
air-flow sengor for adjusting the mix-
ture ratio. A small amount of air passes
through this bypass, thereby avoiding
the sensor flap.

Part load

By far the greater part of the time the
aenging will be operating in the part-
Ioad range. The fuel requiremeant curve
for this range is programmed in the
control unit and determines ithe
amount of fusl supplied. Tha curve is
plotted 2o thal the fual consumption of
the angingis low in the part -load range.

Full-load

In the full-lpad range the engine must
give its greatest outpul. This is
achieved by enriching the mixture
compared with its composition in the
part-load range. The axtent of the an-
richment is programmed in the con-
trol unit for the specific engine. Infor-
mation on opearation in the full-load
ranga is passed fram tha throttle-valve
swilch 1o the contral unit,

'm%

Fig. 311 Auxiligry-air dovice
I Bipoking pdate. 2 Bimatailic strp, 3 Eleciic ba st
ing slemend, 4 Elecirical connection

Fig. 33  ldleAwl-laad corrsotion
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e

Fig- 32 Idie-speed control
T Throdlie vaive, 2 Air-fow sensar, 3 Auziligry-gir
device, 4 Mdie-minture agjushing scrow

Fig. 34 Throdtle-valve swihch
! Fitb-load camact 7 Conldsl path, J Thratihe-
wvalve shafi, 4 ke contscr

Thrattle-valve switch

The throttle-valve switch is fitted to the
intake manifold and is operated by the
throttle-valve shaft. In each of the and
positions “full-lcad” and “idle” a con-
fact is closed.

Accaleration
Dwring acceleration additional fuel is
injected,

When changing from one operating
condition to another, deviations in mix-
ture occur which are corrected to im-
prove driveability.

If tha throtthe valve is suddenly openad
at a constant engine spead, then both
the amount of air which reachas the
combusiion chamber as well as thal
which is necessary to raise the pres-
sure in the intake manifold to the new
level, flow through the air-flow sensor.
The sensor flap then deflects briefly
beyond the fully-open-throttle posi-
tien. This overswing increases the me-
tered fuel quantity (acceleration en-
richmant), and the rasull is good transi-
tisnal response.

During the warm-up phase this acce-
leration enrichment may not be suff-
icient. In this gperating conditon the
speed with which the sensor flap de-
flecis is also taken into account by the
control unit processing the electrical
gignal from the air flow sensor.

Adaptation to the air
temperature

Tha quantity of fuel injected is adapted
to the air temperature,

The quantily of air necessary for com-
bustion depends on the temperature
of the air drawn in. Cold air is denser.
This means thal with the same throtibe-
valve position the volumatric affician-
&y of the cylinders drops as the tem-
peratura increases. To register this
affect a temparature sensor is fitted in
the intake duct of the air-flow sensor,
This sensormeasures the temperature
of the air drawn in and passes this in-
formation onto the conlral unit which
then controls the amount of fuel me-
tered to the cylinders accordingly.



Additional adaptations

n r imize the driv ili
particylar vehicle model under certain
driving conditions, a variety of differant
agamammmummc.mt—
ad,

Engine-speed limitation

With the existing engine-speed limita-
tion the ignition iz short-circuited by
the distributor rotor when a certain
max, speed has been reached,

This mathod iz no longer possible inve-
hicles with catalysts, simce the fuel still
injected would pass into the catalyst
unburnt, This leads to thermal failures
of the catalyst. An electronic anging-
spead limitation offers a solution hara.
Triggaring of this circuit is carried out
by the controlunit itself, The speed-da-
pandant signal is compared with a
fixed limit, if the limit is exceedad the
injection signals are suppressed.

Overrun operation (coasting)

Dwring the transition to ovarrun opera-
lion the fuel supply canm be cul off
above a certain engine speed, i, e. the
injection valves remain closed, Forthis
process the control unit evaluates the
signals from the throtile-valve switch
and from the engine speed. If the
speed sinks balow a certain value or if
the idle contact opens again in the
throttle-valve switch, then the fuel
supply is resumed again,

The engine speaed above which the in-
jection pulses are suppressed iz con-
trolled as a factor of the engine tem-
perature.

xmfconirol unit

Control unit

As the central unit of the system, the
control unit evaluates the data debiv-
ergd by the sensors on the oparating
condition of the engine, From this data,
control pulses for the injection valvas
are formed, wharaby the quantity of
fued to ba injected is determined by the
langth of tima the injection valves ara
opanad,

Processing

of information and
generation of injection
pulses

Thef f the inj |
gnmmfmmumm_umﬂ  The
enging speed and the quantity of air
drawn in determine the basic injection
time.

The generation of the basic injection
time is carried out in a special circuit
group in the control wnit, the division
control multivibrator,

The division control multivibrator
(DEM) receives the information on
speed nfrom the frequency divider and
avaluates it together with the air-quan-
tity signal Uf,. For the purpose of inter-
mittant fuel injection the DSM con-
verts the voltage [ into rectangular
shaped controlimpulzes, Duration r, of
this impulse determines the basic in-
jection quantity, L e. the quantity of fuel
to be injecled per suction stroke with-
oul considering any corrections. r, is
therafore regarded as the “basic injec-
tion tima®, Tha graater tha quantity of
alr drawn in with aach suction stroke,
the longer the basic injection time, Two
border cases are possible here: il the
engine spead nincreases at a constant
air throughput ¢, then the absolute
prassure sinks downstream of the
throtile valve and the cylindérs draw in
lass air per stroke, i, 8. the cylinders are
not filled as much, As a rasult lass fual
is needed for combustion and the du-
ration of the impulse i, Is correspond-
ingly shorter. Il the engine outpul and
thereby the amaount of air drawn in per
minule increase and providing the
speed ramaing constant, then the cyl-
indars will ba filled batter and morna fual
will be required: the impulse duration s,
of the DSM is longer. During normal
driving, engine speed and output
usually change al the same lima, wha-
reby the DSM continually calculates
the basic injection time 1,. At a high
spagd the engine output is normally
high (full load) and this results in the
end effectin a longer impulse duration
I, and therefore more fuel perinjection
cycle,

Fig. 35 Control umit
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Adaptation of the basic injection time
o the various operating conditions is
carried oul by the mulliplying stage in
the controd umit, This stage is con-
trolled by the DMS with the pulses of
duration i In addition the multiplying
slage gathers information on various
operating conditions of the angine,
such as cold start, warm-up, full-load
operation, atc. From this information
the corraction factor &k is calculated.
This is multiplied by the basic injection
time f, calculated by the division con-
trol multivibrator, The resulting time is
designated is. in s added to the basic
injection lime fy, i.e. the injection time
is extended and the air-fuel mixture be-
COMes richar. i, is therefore a measure
of fuel enrichment, expressad by a fac-
tor which can be designafed “enrich-
ment factor®, Whan it is cold, f
example, the valves inject two to three
times the amount of fuel at the begin-
ning of tha warm-up period.

Voltage correction

The operating time of the injection
valves dapands very much on tha bat-
tary voltage. The resulling rasponse
delay would have too short an injection
duration without an electronic voltage
correclion. The result would be an in-
sufficient fuel quantity for injection.
The lower the battery voltage the less
fual the engine would receive. For this
reason a low battary voltage, a. g. after
starting with a heavily discharged bat-
tery, must be compenzated for with an
appropriately selected extension ¢, of
the pre-calculated pulse time in order
that the engine receives the comrect
fusl quantity. This iz known as “voltage
compansation”.

For voltage compensation, the affes-
tive battery woltage as the controlled
variable is fed into the control wnit. An
electronic compensation stage ex-



tends the valve control pulses by the
amouni i, of the voltage-dependent ra-
sponse delay of the injection valves.
The lotal duration of the injection
pultas 5 consists of the sum of
e

Injection pulses

The injection pulses generated by the
multiplying stage are amplified in a fol-
lowing final stage. The injection valves
are conbrolled with these amplified
pulses,

Al the injection valves in the engine
opaen and close at the sama Lima, With
each valve a series resistor is wired
into this circuil as a current limitar.

Divison
coningl
miubliviBrator

Multiplying stage

Fig. 38 Block diagrem of the condral und
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Final siage delivars ampliled wollage
pulses i lor the injacion valves

The final slage of the L-Jatronic sup-
plies 3 or 4 valves simultanaously with
current. Contral units for 6 and B-cyl.
angines have two final stages with 3
and 4 injaction valves respactively.
Both final stages operate in unison,
The injaction cycle of the L-Jetronic is
salected so thal for each revolution of
the camshaft half the amount of fuelre-
quired by each working cylinder is in-
[ected twice.

In addition to controlling the injection
valves through series resistors some
controd units have a regulated final
stage. In these control units the injac-
tion valves are oparated without series

resistors. Conirol of the injection Fig. 37 Generation of the injection pulses in
valves takes place then as follows: az  the coatroed oalf for & 4-cyl. engine.
s0on as the valve armatures have op- 7 - crankshal

erated at the beginning of the impulse,

thie valve current is regulated for the

rest of the impulse duration 1o a consi-

derably reduced current, the holding

currenl. Since these wvalves are

switchad on at the starl of tha impulsa

with a wery high current, short re-

sponse times are the result. By means

of the reduction in current sirength af-

ter switching on, the final stage is not

subjected to such heavy loading. In

this way up to 12 valves can be

swilched with one final stage.



Composition of the
control unit

The L-Jetronic control unil i ina matal
housing which is protected against
splashwater and is fittad whars it is not
affectad by the heat radiated from tha
angina, The electronic componants of
the control unit are arranged on printed
circuit boards; the output components
for the final stage are on the metal
frame of the control unit, whereby
good heat dissipation is assured, By
using integrated circuits and hybrid
components the number of parts re-
quired can be kept to a minimum. The
combining of functional groups in inte-
grated circuits (&.g. pulse shaper,
pulse divider, division control multivi-
brator) and components in hybrid form
increases the reliability of the control
unit,

Electric circuitry

The complate circuitry of the L-Jetra-
ni¢ has been dasigned so that it ¢an ba
connecid 1o the vehicle elecincal SyE-
tem at a single point.

Al this point vou will find the relay com-
bination which is contralled by theigni-
tiom startaer switch, and which swilches
the vehicla voltage to the conbrol wnif
and the other Jetronic components.
The relay combination has two sapar-
ate plug connections, one to the ve-
hicle electrical system and one to the
JEtronic.

Safety circuit

In arder 1o pravant the alactnc fual
pump from continuing to supply fusl
o.g. after an accident, it is operated by
means of a safety circuil. A swilch ope-
rated by the air-flow sensor whan

Fig. 38 Controd wnilt fopensd up)

A multiple plug is used lo connact the
control unit to the injection valves, the
sensors and the vehicle electrical sys-
term. The input circuit in the control unit
15 designed 8o that the latter cannot be
connactad with the wrong polarity and
cannot be short-circuitad.

Special Bosch testers are available for
carmying out measurements on the
controd unit and on the sensors. The
testers can be connected batween the
wiring harness and the control unit with
multiple plugs.

Fig. 39 Voltage supply (disgram)
1 ignition and starer swdich, 7 Balfery, 3 Aslay
combinstion, 4 Contrad umll

Fig. 40 Example of 8 comnection dlagram
(L=Jeironic with regolated faal stage)

TF Engine tamparature sansor, TEE Thermo-time
swilch, M5V Stanl vaive, EV injeclion walve,
LR Afr-fiow ddnscr, JLES Auxilipng-air dévice,
DKS Thvoutle-vahqe gwilch, EEF Elacine feal-
pump. K Away combination, 75 Igaition oodl
BA Bariovy, ST muitiple plug 10 contnol walr

5 Wi LT

LIRL] LTF ]

E}-—n:-

airis passed through, controls the relay
combination, which in furn switches
the electric fuel pump, If the enging
slops when the ignition is switched on,
i.e. when there is no longer any air
throughputl, the supply of current to
the pump is interrupted. During the
starting procedura the relay combina-
tion is controlled in &8 comresponding
mannar via terminal 50 from the igni-
tion switch,

Connection diagram

The example shown here is a typical
connection diagram foravehiclewitha
4-cyl. engine.

Plaase note with the wiring harnass
that terminal 88z of tha relay combina-
tion iz connecled directly and without
a fuse to the positive pole {terminal
post) of the battery in order o avoidin-
terference and voltage drops caused
by conlact resislances,

Terminals 5, 16, 17 of the control unit as
well as terminal 49 of the temperatura
sensor are to be connected with separ-
ate cables to a common ground poink.,



Reduction of noxious emissions

Reduction of noxious
emissions

Th i i ns f th ark-
ignitign engine can be effectively re-
f catalytic treatmean

The fuel combustion in the working cyl-
inder of an engine is more or less in-
complete, The more incomplete the
combustion, the greater the amount of
harrmful materials in the exhaust gas.
There is no such thing as complete
combustion of fual, not even when
thara is an excess of oxygen. This
means that the axhaust will always
have a cartain harmiul content. In or-
dertoreduca tha affect ontha anviron-
mant, the exhaust gas must be puri-
fied.

All chemical procedures necessary for
exhaust detoxication can be grouped
under the heading “Aftertreatment of
exhaust gas”, This includes the chemi-
cal conversion of noxious exhaust con-
stituents such as carbon monoxide,
hydrocarbons and nitrogen oxide inlo
harmless constituents. For the after-
treatment of exhaust gas thare is an ef-
fective catalylic process. A prarequisi-
ta of this procass, howavar, is optimal
mixiura composition. An optimal, e
stoichiomealric mixture composition
exisis when, with the amount of air
drawn in, just enough fuel is gasified or
is injected to enable in theory a com-
plete combustion o take place, Le. a
combustion withoul axcess of oxygen
or fuel, Such a mixture is characterzed
by an air ratio A of exactly 1.00.

The actual difficulty in purifying ex-
haust gases by means of “catalytic af-
tartreatmeant” is in strictly maintaining
A= 1.00 for every oparating condition
of the engine. A deviation of amere 1%
is amgugh to impair the afterirealment
to a considerable degree. Il is iImpos-
sible to keep the mixiure composition
constantly within a limit which should
be considerably less than 1% if an
open-loop mixture control is used. For
this purpose, highly accurate and prac-
tically inertia-less closed-loop mixtura
contral is necessary. The reason for
this is that the opan-loop mixture con-
trol, a.g. with L-Jatranic, cannot moni-
tor and feed back the result, although
it calculates and meters out the fuel
quantity needad. We speak here of an
open-loop controd, On the other hand,
the closed-loop mixture control mea-
sures the compaosition of the exhaust
gas and uses the result for correcting
the fuel quantity calculated,

The diagram shows how the amission
of noxious matter is influencad by the
mixtura composition and by aftertreat-
manl. Tha necessily for the highast
possible control accuracy can ba re-
cognized by tha considerablaincrease

Lo
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Fig. 41 Effect of the catalytic exhaust detoxl-
cation with Lambda closed-loop controd. Opki-
mal miriure setting range: L = 0.99_. .00
MortiuE prapomion 4 wilfool affefreatmend b
with afterreadment CO carbon monoxide, GH
carbafydrarnd. NO, nivogen axide

in the harmiul carbon monoxide (CO)
just under i = 1.00 as wall as by the
suddan increase of the egqually harmiul
nitrogen oxide (NO,) just over L= 1.00.

Lambda closed-loop
control

With the Lambda closed-lpop control
the air-fued ratio can be maintained ex-
fremely accurately,

With the closed-loop control, using a
special sensor, the Lambda sensor,
deviations from a certain air-fuel ratio
can be recognized and corrected. The
conlral principle 5 as follows: the
Lambda sensor measuras continually
the residual oxygen content in the ex-
haust gas, thiz baing a measure for the
composition of the air-fuel mixiure
supplied 1o the engine. The Lambda
sansor in the form of a measuring sen-
sor in the exhaust pipe supplies infor-
miaticn on whether the mixture is richer
of leangr than 4 = 1. When there is a
deviation from this value, the output
signal of the sensor makes a voltage
jumpwhich is evaluated by tha contral
unit. In this way the control unit be-
comes a (closed-loop) conirol unit,
The Lambda closeddoop controd in-
fluences the duration of the injection
{= quantity), these being calculated
beforehand by the injection contral. In
this manner the fuel can be appor-
lioned so exactly thatl the air-fuel ratio
is optimal in all engine conditions.
Tolerances and aging of the engine are
of no importance herea. If, for axample,
A=1.03 (slightly lean mixiure), then the
Lambla closad-loop control compen-
sates for the excess air with an in-
grease in the fuel supply. The closed-
loop control works the opposite way
when, e.g. A = 0.97 (slightly rich mix-

Fig. 42 Functional dlagram of the L-Jetronic
with Lambdas closed-loop controd

1 Alr-Fow sensod, 2 Engine, 3 Lambia sanbhar,
4 Cacafysr, § goction vaives, § Conlrgd wnif wilh
megelarar, U Sengor volinge, [ Vehiche volrege,
n Engineg spend, M Engine emaersiuvng

ture). This continual, almost inertia-
less setting of the mixture at L=1is the
prarequisite for enabling the catalyst
switched into the circwit to burn the
harmiul particles to an effective de-
grea.

In addition to this basic fask tha clo-
sed-oop control supervises other con-
frel and adaplation duties. Closed-
loop operation is impossible, however,
until the operating temperature of the
Lambda sensor has been reached.
During this period the system s
gwilched to open-oop control. The
clogad-loop control moniters furthar-
maora tha function of the sansor during
operation, If a fault should cccur, than
the systam is controlled to give a mea-
dium Lambda value,

Fig. 43 Sensor voltage as » feoctor of the air
ratio
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Further development

The Lambda sensor

The signal from the Lambda sensor is
dependent on the air-fuel ratio,

The Lambda sensor measures the oxy-
gan content of the exhaust gas. This
oxygen content is dependent on the
air-fual mixture, The special feature of
the Lambda sensoris that deviationsin
the air ratio A=1lead to a spontaneous
change in the outpul signal of the sen-
SO,

The sensor consisis principally of a
spacial ceramic body, the surfaces of
which are fithed with platinum alec-
trodes through which gas can pass.
The sensor works on the principle of
the caramic material, which is doped
with certain metal oxides, bacoming
conductive at high temperatures., If the
oxygen content on each side of the
electrodes wvaries in size, then an
electric voltage occurs at the elec-
trodes. This voltage represents the
mMeasuring signal.

The sensor is arranged in the axhaust
pipe from the anging in such &8 mannar
that the outer surface of the ceramic
body lies in the axhaust-gas flow. The
inner part, however, is in contact with
the outside air. The demands placed on
a i-sensor are, by their very nature, se-
varg, High thermal, mechanical and
aven chemical stresses occur, all of
which are masterad by the sensor
thanks to its claver design.

Further development of
electronically controlled
injection systems

“Bosch Motronic”

The efficiency of the present-day
micro~computers makes it possible fo
combine the functions “gasoline injac-
tion® and “ignition®, so that the basic
cost of the micro-computer ilself as
will as of the voltage supply and the
housing is only necessary ance. Apar
from this, almost all the sensors can be
usad for both the gasoling injection
and the ignition. These, too, are only
necessary once, We therefore have in-
creased reliabllity and less cost than
for iwo separate systems, Bosch has
therefore developed a system which
contributes considerably in reducing
costs, inreducing theimpact on the en-
virgnmant and in improving the driving
comfart of motor vahicles.

Th tramic i integrated system
for the alsctronic contral of gasaling

injection and ignition,

The Motronic combines for the first
time individual systems such as injec-

Fig. 44
The Lambda sensor
from Bosch
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tion and igniticn in a digital engine con-
trol system. We are concamed hare
‘with a computerized control for the an-
gine, i.a. the application of a micro-
computerin the electronic control unil.
The use of a digital control unit makes
the system flexible on the one hand
and on the other hand guarantees a
constant exactness (long-duration
constancy) and the ability (o repro-
duce, as and whan requirad, the gngine
data which only neads to be stored
onca, Inaddition o themainitem of the
Motronic, the micro-compuber which
consists of a micro-processor in which
data and programs are stored, and of
the input and outpul cirguit, the system
is characterized by fewer fast-moving
parts forthe ignition and commen plck-
ups for injection and ignition. In this
way maintenance is kept at an abso-
luta minimum. In practice this means
that the adjustmeant of the mechanical
govermnor and of the vacuum can be
digpansed with and in its place comes
anintegrated fully electronic (breaker-
less triggered) computerized ignition
in the Motronic system with inductive
speed and reference mark Sensor.

Method of cparation of the Motronic

The system operates with adigital con-
trol unit which contains a micro-com-
puter as its principal component, The
micro-computer in turn has a micro-
processor as its principal compoanent.
The program store of the micro-com-
puter is used for storing all data which
characterize the operation of the an-
gine under various operating condi-
tions. Also storad s a waorking program
which contrals bath the flow of signals
to the store and iha signals prepared
by the sensors into the micro-proces-
sor, By comparing the actual values
with those stored the micro-processor
can calculate the operating condition

of the angine at any particular moment.
If there are any deviations fram the op-
timum mode of oparation, the micra-
processor effects the necessary cor-
rections for injection and ignition by
sanding appropriate control pulses to
the final oulputl stages in the control
unit. The final cutpul stages then con-
trol the ignition coil and the injection
valves accordingly.

Injection subsystem
The intermittent, &lectronically-con-
trolled injection is based on the L-Je-
tronic, One of the main differences,
however, is the way in which the sig-
nals are processed. This is now done
digitally in the common conbrol unit
The spead sensor is an inductive sen-
sor on the flywheal ring gear.

The triggering-off point for the injec-
tion of fuel through the salaenoid-opéar-
ated injection-valves is orientated to
the signal of a reference-mark sensor
on the flywheel ring gear,

The computer calculates the basic fuel
amount from the quantity of air and
from the speed. The air quantity per
stroke is calculated and used as a
basic signal for injection and the igni-
tion-point map (load). In addition to the
basic signal, other corrections are con-
sidered, depending on engine lemper-
ature, intake-air temperature, throttie-
valve position etc, for optimum engine
CpRration.

Ignition subsystem
Instead of the mechanical govermor

and the vacuum adjustment in tha igni-
tion distributor, there is an ignition-
point map stored in the contral unit,
This map is far superior to the former
adjustment andis adapled to all engine
ranges.

A dwell-period control which dater-
minas the dwell pericd (dwall angle)



dependent on the speed and supply
vollage, adapts the ignition enargy to

inther aevelopment

the specific need and prevenis un- Reteronce-mark Contral unit High-voltags
necessary energy consumption in the s '""T""“’
ignition cail. . Micfo-compulber
A particular advantage of tha Motronic E“u::.':?f vig
|3 thﬂl “'IE‘ Igniliun tlml“ﬂ Dﬂlﬂt in “lﬂ‘ Blare hgnifigen capll
full-lpad range is sel for maximum tor- Adr-flaw sensor
gue, excepl in those ranges where lgnition valres
consideration must be given to the Als-lemperature L MiGIO-BroCessor
octane requirement. In the part-load BATEOF =
range the ignition timing point is set for g iy
minimum consumption whilst at the | |Er@ne tempaisre - input and output
same time adhering 1o the limits of ax- hidhoal
haust-gas emission. Changes in load 2 Elwciric fusl
are registered by the Motronic imme- Uppty v ol hge pum)
diataly. Al sach revolulion of the an- ,r
gine the computer enquires of the | [loniton and starer 1
operating condition of the engine and Signal processing
with the help of the programmed Theotlie-vaire i
values, calculates therefrom the new switch -
dwell angle. This brings speedy adjust-
ment to modified operating condilions.
Fig. 45 Motronic block diagram
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Summary/Suggestions for Further Reading

Summary

1. The spark-ignition engine is an en-
gine with axternally supplied ignition
which converts the anargy in fual into
kinatic enargy.

2. The spark-ignition engine requires
for its operation a certain air-fuel ratic.
The theoretically ideal air-fuel ratio is
14 :1. Certaln operating conditions re-
quire a correction of the mixtung.

3. Tocharactariza the air-fual micciura
the air ratio 4 {Lambda) has bean cho-
sen,

4, The task of the mixiure preparation
is to proportion a fuel quantity which
cormesponds W the amount of air
drawn in.

5. The L-Jatronic is a drive-less, elec-
tronically controlled injection system
with imtermittent fuel injaction,

B. The fuel system supplies the
amount of fuel required by the engine
undar prassure for all operating con-
ditionzs,

7. An electrically driven rollar-cell
pump serves as a fuel pump,

B. The fuel filter stops all impurities in
the fuel from entering the engine.

. B. Thea distnbutor tubée guarantees
efjual fueal prassura in all injection
valves,

10. The pressure regulator controls
the pressure in the fuel system

11. The injection valves injact the fual
into the intake tubas of tha eylindarsin
frant of the inlet valves of the engine.

12. Themixtureis formed inthe inlake
fube and in the cylinders of the en-
gine,

13. The operating condition of the en-
ging is detected by sensors and
passed on to the control wunit in the
form of electric signals, The sensors
and the control unit form the control
system.

14, As a central unil the contral unit
avaluates the data delivered by the
sanscrs on the oparating conditon of
the eanginga. From this data, control im-
pulses for the injection valves are gen-
erated, whereby the quantity of fuel to
be injected is determined by the open-
ing duration of the injection valves.

15. The frequancy of tha injection im-
pulses is based on tha engine spead.

16. The quantity of air drawn in by the
Ergind, and ils Speed, &re a measure of
the engine loading.

17. The angine spead and the quantity
of air drawn in determina the basic in-
jection time.

18, The basic injection time is extend-
ed by the sensor signals according to
the operating condition of the engine.

189, Depending on the angine tem-
pearature, an additional gquantity of fuel
is injected for a limited pericd during
starting (start enrichment)

20. During warm-up the engine recei-
ves more fuel (warm-up enrichment).

21. During warm-up the engine ra-
ceives mora mikiure due to the influ-
ance of an auxiliary-air device in order
o ovarcomea the increased friction
whan ¢old and to guarantes & stable
idling.

22, During acceleration additional
fuel s injected (acceleration enrich-
ment).

23, Atfull load the mixturais enriched.

24, The quantity of fuel injected is
adapted to the air temperature,

25, Additional adapilation measures
can be adopled bo oplimizé the driving
bahaviour, depending on the spacific
vehicle,

26, Iftheengine stopswiththeignition
still switched on, the electric fuel pump
is switched off,

27. Tha harmful emissions from thea
spark-ignition engine can be effective-
Iy reduced by means of catalylic after-
treatmeant,

28. The alr-fuel ratio can be main-
tained very exactly by means of the
Lambda closed-loop control.

28, The signal from the Lambda sen-
sor is dependent on the air-fuel ratio,

30, The Molrenic is anintegrated sys-
tem for the electronic contrel of gaso-
line injection and of the ignition,

Suggestions for Further
Reading

A number of technical dissertations on
thie subject of Jetronic systems has ap-
peared, Their contents le gutside the
scope of this booklet, The following
works are to be recommended:

0. Gléckler, M. Rittmannsberger, H.
Schall: Weaiterentwicklung deér élakira-
nizch gesteuartan Banzineinspritzung
“Jetronic” (Thea further developmeant of
electronically-controlled gasoline in-
Jection “Jetronic™),

ATZ 73 (1971) 4, 126132

H. Scholl:

Elektronische Benzinainzpritzung mit
Steverung durch Luftmenge und Mo-
lordrehzahl (Electronic gascline in-
Jection by means of air guantity and
engine speed), Bosch Technische Be-
richie 4 (197 2/74), 190-199

R. Zechnall, 5. Baumann:

Reines Abgas bei Ottomotoren durch
geschlpssenen Regelkreis (Pure ex-
hausi-gas in spark-ignition engines by
means of closed-oop control).

MTZ 34 (197331, T-1

0. Glockler, B. Kraus:

L-Jelronic — Elektronisches Benzin-
ginspritzsystem mit Luftmanganmes-
sung (L-Jetronic = Electronic gasoline
injection with measurement of air
quantity).

Bosch Technizche Berichte 5 (1975
N1, 718



lechnical terms

Technical terms

Air-fuel ratia

Ratio of the air quantity to tha fual
quantity in the mixtura drawn in by the
anginga,

Air-flow sensor
Device for measuring the quantity of
alr drawn in,

Aititude cormaction
Atmospheric density decreases as alti-
tude incraases. With fual supply at a
constant level the air-fuel mixture
would becomea 1oo enriched. The fuel
quantity is therefore modified. This
procedure is known as altitude com-
pensation

birr
Unil of meaasura lor pressura
1 bar = apprax. 1 kgflcm®,

Basic fuel gquantity

The injected fuel quantity minus all
quantities arising as a result of correc-
thong,

Bimetal

Two matals machanically conneclad
to aach othar with differing thermal ex-
pansion coefficiants. The bending of
the meétal caused by heating is used for
purposes of measuring and control-
ling.

Bypass
A passage providing an alternative
route around the throttle vahe.

Catalyst
Material which causes a cheamical

reaction, without changing itsealf.

Condensation loss

With a cold engine fuel particles from
the air-fuel mixture condense on the
walls of tha intake manifold and com-
bBustion chambar which ara still cald. In
this way the mixture becomes leaner,

Cylinder-flooding protection

Safety circuit in Jetronic systems
which prevents the cylinders from be-
coming completaly full of fuel.

Damping wolume
Space in the air-flow sensor in which
the damping flap moves (shock - ab-
sorber function),

Duration of infection
Time during which the injeclion valves
are open.

Electrode
Conducting part which servas o ¢on-
duct electricity to a medium.

Gasoling injection
Supply of the fuel quantity to tha
drawn-in air quantity by means of tha
injection systam.

Ignitable mixture
An air-fuel mixture is ignitable in the
range of A=0.7..13

intake manifaid

Part of the induction system of the
spark-ignition engine which supplies
air to the angine. From the intaké mani-
fold the intake lubeas lead to the cylin-
ders. The throttle valve is on the intake
manifold,

Intake fube

The cylinders are supplied with air via
the intake tubes which are connectead
1o the intake manifold.

Infegrated circwit

Electronic circuit consisling of per-
manently connected semiconductor
componants on a, usually, very small
supporting plate. Short designation 1C.

Lambda (i), air ralio
Sea air-fusl ratio

Lean mixiure

Excess air, 4 > 1, air quantity supplied
grealer than theoretical air require-
mant,

NTC resistance
Temperature-depandent samiconduc-
tor resistor, the resistance value of
which decreases with increasing team-
perature (NTC resistor). NTC means
Meqgative Temperature Coeflicient.

Crvesrun

Mode of driving whereby the engine is
driven by the vahicle, e.g. when going
downihill.

Part load
Load range between idle and full load.

Potentiometer
Electrical resistor, the resistance value
of which can be mechanically altered.

Reday combination

Circuit consisting of two relays. Tha
control unit is switchad on by tha relay
combination and the fuel pump and
auxiliary air-device are also started up.

Return pressure oscillation
Sudden increase in pressure in the in-
take manifold caused by misfiring.

Rich mixture

Lack of air, 4 <1, air quantity supplied
smaller than theoratical guantity of air
required,

Sensor

Devices for converting physical di-
ménsions inte othérs, é.g. heat or
pressura into electric signals.

Start of infection
The momeant when the injection valves
opEn.

Staichiom tric ratio

Ratio of the guantity of air necessary
thearatically for complate combustion
aof a certain quantity of fugl. For gasol-
ine the ratiois 14 :1,Le.14.T kg airto1 kg
fuel.

Warm-up
Transition from cold engine to engine
warm enough for operating.

Warm-up enrichmant

In order to compensate for the thinning
of the air-fual mixture due to condean-
salion losses, an additional quantity of
fuel is fed to the engine,

Working cycle

faf the internal-combustion anging)

A working cycle consists of all pro-
caszas in the cylinder, from a particular
state up till the moment whan that par-
ticular state is repeated. In a 4-stroke
engine aworking cycleincludes two re-
volutions of the crankshaft,



Test questions

Test questions
& The spark-ignition requires
|| a) excess air

[ | b) a cartain air-fuel ratio
;) axcass fual

M The throtlle-valve switch

[] a) closes and opens the throttle
valve

[ ] b) switches the fual pump on

[] &) signals the throttle-valve posi-
tion to the controd unit

B The L-Jetronic

[ a) injects intermittenthy
[J b) injects continuously

G The fuel pump s driven by

L] a) the spark-ignition engine
L] b) an electric motor

D The pressure regulator regulales
the fuel pressura

L] a) indepandeant of tha pressure in
the intake manifold

[] b) dependent onthe pressurein the
imtake manifokd

E Theinjection valves inject the fuel

L] a) into the intake manifold
L] b} in front of the injection valves
[_] e) into the combustion chamber

F The sensors

Ll a) control the injection valves
] b} register the operating condition
) of the spark-ignition engine
[] ) conduct the signals into the con-
trol unit

G The start of injection is determined

[] a) by the ignition distributor
[] b) by the crankshaft

H The air-flow sensor measures

[] a) the pressure in the intake mani-
foid

L] b) the pressure in the intake tubes

L] &) the quantity of air drawn in by the
Bngine

J  During cold starting

L] a) the intake manifold is heated
[ b) more fuel is injected
[T &) less fuel is injected

K During warm-up

L a) the mixture is enriched
[ b) the tuel pressure is increased

The auxiliary-air devica

L

[l a) increases the engine speed
L] b) stabllizes the engine speed
L] £) makes the mixture leaner

B The contral wnit

L] a) controls the sensors
] b) evaluates the sensor signals
c) supplies pulses to the injection
valves

O The basic injection time is calculal-
ed fram the

_| a) engine speaad
| b) engine speed and air quantity
L] &) air guantity

P The correction variables effect

[l a) an extension of the basic injec-
Bon e

O b} a reduction of the basic injaction
fima

0 When tha battery voltage sinks

[l a) the injection pulses are length-
enead
[] b) the injection pulses are shori-
enad
A With stationary engingand ignition
switched on

] &) the fuel pump works
[] b) the fuel pump does not work

5 With a catalyst it is possible

[] a) to cool the exhaust gas
[] b) to purify the exhaust gas

T The Lambda sensor

L] a) measures the exhaust-gas
temparatura

[_] b) measures the remaining oxygen
content in the exhaust gas

[ ¢} is a sensor

The correct answers 1o these ques-
tions can be found on the following
pages:

A page 4 L: page 14
B: page 6 M: page 15
C: paga 8 M: page 16
D: page 9 O page 16
E: page 9 P: page 16
F: page 11 Q: page 16
G: page 1 H: page 18
H: page 12 3: page 19
J: page 13 T: page 20
K: page 14
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