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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 control inte-
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.
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The spark-ignition engine

The spark-ignition
engine

The spark-ignition engine is an exter-
nally ignited internal-combustion en-
gine which converts the energy con-
tained in fuel into kinetic energy.

In the spark-ignition engine an air-fuel
mixtureis formed outside the combus-
tion chamber. This mixture is fed into
the combustion chamber where 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 mixture is ignited
and burnt inside a working cylinder.
The combustion heat given off in-
creases 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 stroke the
burnt gases are exchanged for a fresh
air-fuel mixture. In the motor-vehicle
engine this change of gas takes place
usually in accordance with the
4-stroke principle.

4-stroke principle

The exchange of gas in the 4-stroke
spark-ignition engine is controlled by
valves which open or close the inlet
and outlet ports of the cylinder de-
pending on the position of the crank-
shaft.

The 4 strokes of a working cycle are:
@ suction

® compression

@® combustion (work)

® exhaust

1st. stroke: suction

Inlet valve: open

Qutlet valve: closed

Piston movement: downwards
Combustion: none

The downward moving piston in-
creases the 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 valve: closed

Outlet valve: closed

Piston movement: upwards
Combustion: none

The upward moving pistonreduces the
volume of the combustion chamber
thereby compressing the air-fuel mix-
ture. The compression factoris approx.
7...10, according to the type of engine.

Fig. 1 Working strokes of the 4 stroke engine

1 Suction stroke, 2 Compression stroke, 3 Working stroke, 4 Exhaust stroke

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

Piston movement: downwards
Combustion: yes.

The compressed air-fuel 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 cylinderincreases. The pressure of
the combustion gases drives the pis-
ton downwards in the cylinder and by
means of the connecting rod produces
movement of the crankshaft.

4th. stroke: exhaust

Inlet valve: closed

Outlet valve: open

Piston movement: upwards
Combustion: none

The upward moving piston reduces the
volume of the combustion chamber,
whereby the burnt gases (exhaust) are
expelledthroughthe openoutletvalve.
The stroke cycle repeats itself afterthe
4th, stroke. In the actual cycles of the
internal-combustion engine the open-
ing times of the valves overlap some-
what, whereby gas flows and oscilla-
tions are utilized for improved filling
and emptying of the cylinder.

Efficiency of the spark-
ignition engine

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

compression

combustion process

air-fuel mixture,

as well as upon its mechanical design.

Compression

The higher the compression, then the
higher the thermal efficiency of the in-
ternal-combustion engine becomes
and the better the fuel usage. The ma-
ximum compression is limited by the
octane requirement. Knocking means
an irregular combustion of the ignited
mixture and leads to overstressing and
damaging of the engine. With regular
(homogenous) air-fuel mixture and by
using the flow effects in the intake
path, the octane requirement can be
adjusted inthe direction of highercom-
pression.

Combustion procedure

For 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-
thermore it is important that the flame
front progresses spatially and in regu-
lar form during this period until the
whole mixture has been burnt. The
combustion process is considerably
influenced by the point in the combus-
tion chamber at which the mixtureisig-
nited, and by the mixture ratio as well
as the manner in which the mixture is
fed into the combustion chamber.
Air-fuel mixture

The specific fuel consumption of a
spark-ignition engine is for the most
part dependent on the mixture ratio of
the air-fuel mixture. Consumption is at
its lowest with an air-fuel ratio of ap-
prox. 15 kg air to 1 kg fuel. Taking an
example this means that approx.
11,6001 of airare necessary to burn1| of
fuel. The exact (theoretical) value for
complete combustion, also known as
stoichiometric ratio, is 14.7 : 1.

Since motor-vehicle engines operate
most of the time in the part-load 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 be able
to fulfill these varying requirements.
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Fig. 2 Stoichiometric air-fuel ratio for ideal
combustion with low pollution

The air ratio

To indicate how far the actual, avail-
able air-fuel mixture differs from the
ideal, theoretical value necessary
(14.7 :1), the air ratio A (lambda) has
been chosen.

- input air amount
air amount required in theory

A=1
The input air amount corresponds to
the amount necessary’in theory.

A<
Lack of air or rich mixture, increased
power output.

A>1

Excess of air or lean mixture, reduced
fuel consumption, reduced power out-
put.

A>1.2
The mixture is so lean that combustion
can no longer take place.

Fuel-induction systems

Fuel-induction systems, whether car-
buretor or fuel-injection systems, are
intended to produce an optimum air-
fuel mixture. Fuel induction for the
spark-ignition engineiscarriedoutbya
carburetor or a fuel-injection system.
The carburetor is still the most com-
mon form of fuel induction, but nowa-
days thereis amarkedtendency to use
manifold injection for fuel induction.
This trend has arisen as a result of the
advantages offered by fuel injection in
connection with the demands for eco-
nomy, efficiency and, last but not least,
for low-pollution exhaust gas.

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

Fig. 3 Influence of air ratio on output N and
consumption b, in a spark-ignition engine

into account the environmental in-
fluences. The compaosition of the mix-
ture is thereby maintained at such an
exactlevel that the pollution contentin
the exhaust gas is relatively low. In ad-
dition, the arrangement of one injec-
tion valve per cylinder results in anim-
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 turn leads to a more
favourable torque.

Mechanical systems

Nowadays the K-Jetronic is the most
widespread mechanical fuel-injection
system; one that does not require any
form of drive and which injects fuel
continuously. This system is described
in detail in the booklet “K-Jetronic”
(VDT-U 3/1) in the Bosch Technical In-
struction series.

Electronic systems

The L-Jetronicis an electronically-con-
trolled fuel-injection system. Itis 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-
let.

Fuel injection in motor racing

TOP TUNING

with fuel—injectio_n pumps

Fuel injection was first used in rac-
ing car engines at the beginning of
the fifties. After 1951 experiments
were made in the USA on Indiana-
polis racing cars. First of all it was
direct injection that became gene-
rally accepted in motor racing. This
type of injection, whereby gasoline
is fed directly into the combustion
chamber of the cylinder head,
became popular with the post-war
Silver Arrows of Daimler-Benz.
Injection was carried out by in-line
pumps, as is common with today’s
diesel engines. . .
1954 saw the appearance of the
Mercedes-Benz W196 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, Matra, Alfa
Romeo and BRM 12 cylinder
engines all use fuel-injection
pumps for their fuel supply, just
like the Ford V8 Cosworth engine
which is still used in racing and with
which James Hunt became World
Champion in 1976. These 31
engines turn out between 450 and
525 HE ;
Fuel injection became predomi-
nant relatively quickly in Formula
1, the highest motor sport class,
relatively quickly. One of the rea-
sons was certainly the almost total
lack of restrictions governing the
fuel-induction system used. Never-
theless, the carburetor continued
to dominate the touring-car class
for a long time. The racing laws
prescribed namely an approxima-
tion to a series, so that fuel induc-
tion had to be maintained as stan-
dard even with increased output.
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-Jetronic is an electronically con-
trolled fuel-injection system which in-
jects fuel intermittently into the intake
manifold. It does not require any form
of drive.

Task

The task of the gasoline injection is to
supply to each cylinder just the correct
amount of fuel as is necessary for the
operation of the engine at that particu-
lar moment. A prerequisite for this,
however, is the processing of as many
influential factors as possible relevant
to the supply of fuel. Since, however,
the operating condition of the engine
often changes quite rapidly, a speedy
adaptation of the fuel delivery to the
driving situation at any given moment
is of prime importance. The electronic-
ally controlled gasoline injectionis par-
ticularly suitable here. It enables a va-
riety of operational data on any parti-
cular location an the vehicle to be pro-
cessed and converted into electrical
signals by sensors.

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

Advantages

High output

The elimination of the carburetor en-
ables the induction paths to be des-
igned in the best possible way and a
higher torque can be achieved with
betterfilling of the cylinders. The fuel is
injected directly in front of the inlet
valves. Only air is fed to the engine
through the intake manifolds. To
achieve an optimal distribution of air
and filling of the cylinder they can be
designed 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 achieved.

Less fuel

With the help of the L-Jetronic the en-
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,
unequal 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
is created which is suitable for supply-
ing sufficient fuel even to the worst-fed
cylinder,

This results in high fuel consumption
and unequal stressing of the cylinders.
In a Jetronic system each cylinder has
its own injection valve. The injection
valves are controlled centrally; this en-
sures that each cylinder receives pre-
cisely the same amount of fuel, the op-
timum amount, at any particular mo-
ment and under any particular load.
Only the correct amount of fuel is in-
jected, never more than is necessary.

In a flash

The L-Jetronic adapts to changingload
conditions almost without hesitation.
The necessary fuel delivery is calculat-
ed by the control unit in a few thou-
sandths of a second and is injected
through the injection valves directly in
front of the intake valves of the engine.

Exhaust gas with low pollution

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

The L-Jetronic works so precisely that
the exactness of the mixture formation
necessary for observing the present-
day exhaust regulations, can be main-

tained.
Fig. 4 Output and torque curve

a = with Jetronic, b = with carburetor
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Our fuel injection
systems save fuel
by the barrel!

An “E” or an “I” on the rear of the car dénotes

“Gasoline fuel-injection”. It can save up to

16% fuel according to the manner of driving
and the traffic situation. With a middle-class
fuel-injection car, it is possible o save an
average of 200 liters on a yearly mileage
of 20,000 km.

The relevant measurements were carried
car with a standard carburetor engine
underwent a cleverly thought out test pro-
gram. The same vehicle was then convert-
ed to Bosch gasoline fuel-injection and the
test program was repeated. Technical differ-
ence: Bosch gasoline fuel-injection.

The journey covered hundreds of kilome-
ters, through heavy city traffic, along coun-
try roads and expressways. The result was
quite clear: in practical driving situations in
cities and on country roads a vehicle with
gasoline fuel-injection saves up to 11% of
fuel compared to the same model with car-
buretor. With overrun-cutoff (switching off
the fuel supply during overrun) up to 16%
can be saved.

A result confirmed by tests which we have
been making since 1951, the year we started
making fuel-injection systems.

What is the secret?

The Bosch gasoline fuel-injection system
measuies out the fuel so that just enough as
is necessary for the particular driving condi-
tion is supplied. This applies whether it is
warm or cold, whether the engine is lightly
or heavily loaded. In our “Technical Center
for Gasoline Fuel-Injection” K-and L-Jetro-
nic are adapted to the engines in close co-
operation with all the well-known motor-ve-
hicle manufacturers.

[n order to guarantee the optimum fuel
utilization we use climatic and cold test
stands ta simulate the most varied envi-
ronmental conditions as are found, for
example, in the Sahara or in the Arctic.

Over 100 models with Bosch gasoline fuel-
injection

The first series production of Bosch gasoline
fuel-injection systems started in 1951. Since
then they have proved their worth nearly 7
million times over. Due to the many advan-
tages, such as fuel economy, higher output,
reduction of pollutants in the exhaust gas
and improved starting and warm-up be-
haviour, cars of nearly all classes are now

being fitted with Bosch gasoline fuel-injec-
tion. :




Principle

A pump supplies fuel to the engine and
creates the pressure necessary for in-
jection.

Injection valves inject the fuel into the
individual intake tubes. An electronic
control unit controls the injection
valves.

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

Induction system

The induction system supplies the en-
gine with the necessary amount of fuel.
It consists of airfilter, manifold, throttle
valve and the individual intake tubes.

Sensors

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

L-Jetronic

The most important variable is the
amount of air drawn in by the engine
and registered by the air-flow sensor.
Other sensors register the position of
the throttle valve, the engine speed,
the air and the engine temperature.

Control unit

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

Fuel system

The fuel system supplies fuel from the
tankto theinjectionvalves,createsthe
pressure necessary for injection and
maintainsitataconstantlevel. The fuel
system also includes: supply pump,
fuel filter, distributor pipe pressure re-
gulator, injection and cold-start valves.

7
Fuel Sensors Air
Fuel Control | | Air-flow
pump unit sensor
\ 1
Fuel | gllinjection | wl Engine
filter valves

Fig. 6 Principle of the L-Jetronic (simplified)

Fig. 7 Summary of the L-Jetronic system

1Fueltank, 2 Electric fuel pump, 3 Fuelfilter, 4 Distributorpipe, 5 Pressure regulator, 6 Controfunit, 7 Injection valve, 8 Startvalve, 91dle-speed adjusting screw,
10 Throttle-valve switch, 11 Throttle valve, 12 Air-flow sensor, 13 Relay combination, 14 Lambda sensor (only for certain countries), 15 Engine temperature
sensor, 16 Thermo-time switch, 17 Ignition distributor, 18 Auxifiary-air device, 19 Idle-mixture adjusting screw, 20 Battery, 21 Ignition-starter switch
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Fuel system

Fuel system

The fuel system makes available under
pressure the amount of fuel required
by the engine in all operating condi-
tions.

The fuel is pumped from the fuel tank
by an electrically driven roller-cell
pump under approx. 2.5 bar pressure
through afilterinto the distributor pipe.
From the distributor pipe fuel lines di-
verge to theinjectionvalves. Attheend
of the distributor pipe is a pressure re-
gulator which maintains the injection
pressure at a constant level. More fuel
circulates in the fuel system than is
needed by the engine under the most
extreme conditions. The excess fuel is
returned to the fuel tank by the pres-
sure regulator but not under pressure.
The constant flushing through of the
fuel system enables it to be continually
supplied with cool fuel. This helps to
avoid the formation of fuel vapor
bubbles and guarantees good hot-
starting characteristics.

Fuel pump

An electrically 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 time the electric motor is
well cooled. There is no danger of ex-
plosion because thereis neveranignit-
able mixture in the common housing
for pump and motor. The pump sup-
plies more fuel than the internal-com-
bustion engine needs at maximum, in
order to maintain the pressure in the
fuel system under all possible operat-
ing conditions.

The roller-cell pump itself consists of a
cylindrical hollow chamber in which an
eccentrically fitted rotor disc rotates.
This is fitted with metal rollers which
are held in pocket-shaped recesses
around the circumference. When the
rotor disc rotates the rollers are
pressed outwards by centrifugal force
andactasacirculating seal. Apumping
operation is effected by the circulating
roller seals which periodically gener-
ate an increasing 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 safety circuit
prevents fuel from being delivered
when the ignition is switched on, but
when the engine is stationary (e.g. af-
ter an accident).

Fig. 8
Block diagram of

fuel system

1 Fuel tank

2 Fuel pump

3 Fuel filter

4 Distributor pipe

5 Pressure regulator

4 6 Fuel-injection valve

5 7 Start valve

Fig. 9

Electric fuel-pump

1 Intake (suction) side
2 Pressure limiter

3 Roller-cell pump

4 Motor armature

5 Non-return valve

6 Pressure side

Fig. 10

Pumping procedure
Roller-cell pump

1 Intake (suction)

2 Rotor disc

3 Roller

4 Pump housing

5 Pressure side

- Fuel not under
pressure
Fuel
supply
Fuel under
pressure

The fuel pump does not require any
maintenance and is fitted in close pro-
ximity to the fuel tank.

Fuel filter

The fuel filter prevents impuritiesin the
fuel from getting any further.

Afilteris fitted into the fuel circuit after
the fuel pump. The filter contains a
paperinsert withamedium pore size of
10 um, backed up by a strainer which
retains any loose paper particles. The
direction of flow indicated on the filter
must be strictly adhered to for this rea-

son. A support plate holds the filterin
the housing. The filter housing is made
of metal. Thefilteristobereplacedasa
complete unit; its service life depends
ontheamountofdirtinthe fueland, de-
pending upon the volume of the indivi-
dual filter, amounts to 30,000-80,000
km.
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Pressure regulator

The pressure regulator controls the
pressure in the fuel system.

The pressure regulator is fitted at the
end of the distributor pipe. The press-
ure regulator is a diaphragm-con-
trolled overflow type which maintains
the fuel pressure at2.5or3 baraccord-
ing to the individual system. It consists
of a metal housing divided into two
chambers by a beaded diaphragm: a
spring chamber for the pre-stressed
helical spring which rests on the dia-
phragm and a chamber for the fuel.
When the set pressure is exceeded, a
valve controlled by the diaphragm
opens the inlet to 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 to
the intake manifold of the engine be-
hind the throttle valve. This results in
the fuel-system pressure being depen-
dent on the absolute pressure in the
manifold and the pressure drop across
the injection valves therefore being
identical for every throttle-valve posi-
tion.

Distributor pipe

The distributor pipe guarantees the
same fuel pressure at each injection
valve.

The distributor pipe hasastorage func-
tion. Its volume compared with the
amount of fuel injected during each
working cycle 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 easy
fitting of the injection valves.

Fuel-injection valve

The injection valves inject the fuel into
the individual intake manifolds of the
cylinders in front of the engine inlet
valves.

Each engine cylinder has its own injec-
tion valve. The valves are solenoid-
operated and are opened and closed
by means of electricimpulses from the
control unit. The injection valve con-
sists of a valve body and the needle
valve with fitted solenoid armature.
The valve body contains the solenoid
winding and the guide for the needle
valve, When there is no current in the
solenoid winding the needle valve is
pressed against its seat on the valve
outlet by a helical spring. When a mag-

netic field is generated in the solenoid
winding the needle valve is lifted by ap-
proximately 0.1 mm and the fuel can
flow out through a calibrated annular
orifice. The front end of the needle
valve is provided with a specially
ground pintle for atomizing the fuel.
The pull-in and release times of the
valve lie in the range of 1to 1.5 ms. To
achieve good fuel distribution with low
condensation loss, wetting of the in-
take manifold walls must be avoided. A
particular spray angle in connection
with a particular distance of the injec-
tion valve from the inlet valve must
therefore be maintained specific to
the engine concerned. The injection

Fig. 11 Distributor pipe

1 Fuel inlet, 2 Distributor pipe, 3 Connection for
start valve, 4 Pressure régulator, 5 Return line,
6 Injection valves

Fig. 12 Fuel filter
1 Paper filter, 2 Strainer, 3 Support plate

Fig. 13 Injection valve
1 Filter, 2 Solenoid winding, 3 Solenoid armature,
4 Needle valve, 5 Electrical connection

Fig. 14 Pressure regulator

1 Fuel connection, 2 Fuel-return connection,
3 Valve plate, 4 Valve holder, 5 Diaphragm, 6 Com-
pressfon spring, 7 Vacuum connection

valves arefitted with the help of special
holders and are mounted in rubber
mouldings in these holders. The heat
insulation thereby achieved prevents
the formation of fuel-vapor bubbles
and guarantees good hot-starting
characteristics. The rubber mouldings
also ensure that the injection valve is
not subjected to excessive vibration.



10

Mixture formation

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

The injection valve injects its fuel di-
rectly 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
formed by the swirling action which
takes place during the intake cycle.

Fuel system

Fig. 15
Injection-valve
mounting

Fig. 16
Components of the
L-Jetronic
1 Air-flow sensor
2 Control unit
3 Fuel filter
4 Fuel pump
5 Fuel pressure
regulator
6 Auxiliary-air
device
7 Thermo-time switch
8 Temperature
sensor
9 Throttle-valve
switch
10 Start valve
11 Injection valves




Control system

Control system

The operating temperature of the en-
gine is calculated by means of sensors
and fed into the control unit in the form
of electric signals. The sensors and the
control unit form the control system.

Variable quantities and
operating condition

The variable quantities characterizing

the operating condition of the engine

can be distinguished according to the

following system:

@ Main variable quantities

@® Variable quantities for compensa-
tion

@ Variable quantities for precision
compensation

Main variable quantities

The main variable quantities are the
engine speed and the amount of air
drawn in by the engine. These deter-
mine the amount of air per stroke
which then serves as a direct measure
for the loading condition of the engine.

Variable quantities for compensation
For operating conditions which devi-
ate from normal operation the mixture
must be adapted to the modified con-
ditions. We are concerned in this con-
nection 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 engine
temperature to the control unit. For
compensating various loading condi-
tions, the load range (idle, part-load,
full-load) is transmitted to the control
unit via the throttle-valve switch.

Variable quantities for precision
compensation

In orderto achieve optimum driving be-
haviour, further operating ranges and
influences can be considered: transi-
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 accordingly.

Combined effect of variable quantities
All the variable quantities together are
evaluated by the control unitin such a
manner that the engine is always sup-
plied with theamount offuel necessary
for its operation at that particular mo-
ment. In this way optimum driveability
is achieved.

Input guantities
supply

Control unit and

Qutput quantities

o
th

=
E.a

S8

—u

Fig. 17  Signals and control quantities fed into the control unit
O air drawn in, & air temperature, n engine speed, P engine load-range, thy engine temperature,
Ve fuel quantity injected, Q\z auxiliary air, Ves excess fuel for starting, Ug vehicle-system voltage

Calculating enginespéed

Information on engine speed and the
start of injection is passed on to the L-
Jetronic control unit in breaker-trig-
gered ignition systems by the contact-
breaker points in the ignition distribu-
tor,andin breakerlessignition systems
by terminal 1 of the ignition coil.

Fig. 18 Calculating engine speed with a
breaker-triggered ignition system

n engine speed, 1 ignition distributor, 2 control
unit

Processing of impulses

The impulses delivered 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 are fed
into a frequency divider.

The frequency divider divides the
pulse frequency given by the ignition
sequence in such a manner that two
pulses occurforeach working cyclere-
gardless of the number of cylinders.
The start of the pulse is at the same
time the start of injection for the injec-
tion valves. For each turn of the crank-

shaft each injection valve injects once,
regardless of the position of the inlet
valve. When the inlet valve is closed,
the fuel is stored and the next time the
inlet valve opens it is drawn into the
combustion chamber together with
the air. The duration of injection de-
pends on the amount of air and the en-
gine speed.
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Ignition sequence of the cylinders
and opening times of the inlet valves

B
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Ignition delivers trigger pulses

Pulse shaper generates rectangular
pulses

Frequency divider halves the impulse
period in order to control the injection
valves

Measuring the air flow

The amount of air drawn in by the en-
gine is a measure of its loading condi-
tion.

All the air drawn in by the engine is
measured and serves as a main vari-
able quantity for the fuel distribution.
The amount of fuel determined from
the air-flow sensor cutput and the en-
gine speed is referred to as the basic
fuel quantity.

The air-flow measurement registers all
changes which can take place in the
engine during the service life of the
vehicle, e. g. wear, combustion-cham-
ber deposits, changes to the valve
setting. Since the quantity of airdrawn
in must first pass through the air-flow
sensor before entering the engine, this
means that during acceleration the sig-
nal leaves the sensor before the air is
actually drawn into the cylinder. In this
way, namely by supplying more fuel in
advance, fuel enrichment for accelera-
tion is achieved.

Air-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 counteract the op-
posing force of a return spring acting
upon the air-flow sensor flap. The flap
is deflected in such a manner that, to-
gether with the profile of the measure-
ment duct, the free cross-section in-
creases along with therise in the quan-
tity of air passing through it.

The change in the free air-flow sensor
cross-section depending on the posi-
tion of the sensor flap, was selected so
that a logarithmic relationship results
between flap angle and air throughput.
The result is that 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 engine suction strokes from having
more than a minimum effect upon the
sensor-flap position, a compensation

Fig. 19

Processing the
ignition pulses in the
control unit

in a 4-cylinder engine
°KW = “crankshaft

Fig. 20

Air-flow sensor in the

intake system

1 Throttle valve

2 Air-flow sensor

3 Control unit

4 Air filter

L Amount of air
drawn in

Fig. 21

Air-flow sensor

(air side)

1 Compensation
valve

2 Damping chamber

3 Bypass

4 Sensor flap

5 Idle-mixture
adjusting screw
(Bypass)

Fig. 22

Air-flow sensor

(connection side)

1 Ring gear for spring
preloading

2 Return spring

3 Wiper track

4 Ceramic substrate
with resistors and
conductor straps

5 Wiper tap

6 Wiper

7 Pump contact
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Fig. 23 The relationships between air quan-
tity, sensor-flap angle, voltage at the potentio-
meter and fuel quantity injected

Starting with a certain volume of air Q flowing
through the air-flow sensor (point Q), we can
derive the theoretically required amount of fuel
O (pointD). In addition, the sensor flap is deflect-
edtoacertainflap angle a (point A) depending on
the amount of alr. The potentiometer activated by
the air-flow sensor flap sends a voltage signal
U5 to the controf unit (point B). The controf unit
controls the injection valves, whereby point C
representsthe amountoffuelinjected Ve. ltcanbe
seen thatthe amount of fueltheoretically required
and the amount of fuel injected are the same (line
Cc-D).

flap is incorporated as an integral part
of the sensorflap. The pressure oscilla-
tions have the same effects upon both
flaps. The moments of force cancel
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 outputisinversely pro-
portional. In order that ageing and the
temperature characteristic of the po-
tentiometer have no effect upon the
accuracy, only resistance values are
evaluatedin the controlunit. Inorderto
set the air-fuel ratio at idle, an adjust-
able bypass duct is provided through
which a small amount of air can bypass
the sensor flap.

The diagram shows the relationships
between the air quantity, the angle of
the sensorflap, the potentiometervolt-
age and the fuel injected.

Cold starting

When the engine is started additional

fuel is injected for a limited period de-
pending on the temperature of the
engine.

When a cold engine is started fuel in
the air-fuel mixture condenses and is
thereby lost.

Control system

To compensate for this and to facilitate
the starting of the cold engine, extra
fuel must be injected at the moment of
starting.

This additional fuel is injected for a li-
mited period of time depending on the
temperature of the engine.

This procedure is known as “cold-start
enrichment”. During this procedure
the mixture becomes “richer”, i. e. the
excess-air factor is temporarily lower
than 1.

Cold-start enrichment can be carried
out in two different ways: by the start
control with the help of the control 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 fuel
can be supplied during the starting
phase. The control unit controls the
start procedure by processing the sig-
nals from the starting switch and from
the engine temperature.

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

Start valve

The start valve is ooerated by a sole-
noid, the winding of whichis situatedin
the valve. In the neutral position a heli-
cal spring presses the movable arma-
ture of the solenocid against a seal,
thereby shutting off the valve. When a
current is passed through the solenoid
the armature, which now rises from the
valve seat, allows fuel to flow. The fuel
then flows along the sides of the arma-
ture to a nozzle where it is swirled. In
this form of nozzle, a so-called swirl
nozzle, the fuel is particularly finely
atomized and enriches the airin the in-
take manifold behind the throttle valve
with fuel.

Thermo-time switch

The thermo-time switch limits the dur-
ation of injection of the start valve de-
pending on the temperature of the en-
gine.

The thermo-time switch is an electri-
cally heated bimetal switch which
opens or closes a contact depending
on its temperature. It is housed in a
hollow threaded pin which is located in
aposition where typical engine tempe-
rature prevails. The thermo-time
switch determines the length of time
the start valveis to be switched on. The
time during which the start valve is
switched on depends on the heating of
the thermo-time switch by the warmth
from the engine, the ambient tempera-
ture and by the electrical heatinginthe
switch itself. This self-heatingis neces-
sary in order to limit the maximum time
that the start valve is switched on and
to prevent the engine from being over-

1 %
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Fig.24 Cold-start enrichment by startcontrol

1 Engine-temperature sensor, 2 Control unit, 3 In-
jection valves, 4 Ignition-starter switch

Fig. 25 Cold-start enrichment by start valve
1 Start valve, 2 Thermo-time switch, 3 Relay com-
bination, 4 Ignition-starter switch

Fig. 26 Start valve
1 Fuel infet, 2 Electrical connection, 3 Solenoid
armature, 4 Solenoid winding, 5 Swirl nozzle

enriched and “drowned”. The electrical
heating is the main factor governing
the measurement of the time during
which the valve is switched on when
starting, (e.g. at —20°C it switches off
afterapprox. 8 seconds). When the en-
gine is warm, the thermo-time switchis
heated so much by the heat from the
engine thatitis constantly open. When
starting with a warm engine, therefore,
no extra fuel for starting is injected by
the start valve.
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Fig. 27 Thermo-time switch
1 Electrical connection, 2 Housing, 3 Bimetal,
4 Heating winding, 5 Switch contact

Warm-up

During the warm-up period the engine
receives more fuel.

The warm-up period follows the cold
start. During this period the engine re-
quires considerable fuel enrichment
because fuel condenses on the cylin-
der walls when they are still cold. In ad-
dition, without supplementary fuel en-
richment during the warm-up period a
major drop in engine speed would be
noticed after the additional fuel
sprayed into the engine by the start
valve had been cut off.

For example, at a temperature of
—20°C, two to three times as much
fuel must be injected immediately be-
fore starting than when the engine is at
normal operating 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
enrichment. Thisenrichmenthastolast
about 30s and, according to tempera-
ture, gives in the order of between 30%
and 60% more fuel.

When the after-start enrichment has
finished the engine only needs a slight
enrichment of the mixture; this being
controlled by the engine temperature.
The diagram shows a typical enrich-
ment curve with reference to time with
a starting temperature of 20°C.

In order to trigger off this control pro-
cedure, the centrol unit must receive
information on the engine tempera-
ture. This task is performed by the tem-
perature sensor,

Control system

Temperature sensor

The temperature sensor consists of a
hollow threaded pin in which an NTC
resistor is embedded. NTC stands for
“negative temperature coefficient”
and means that the electrical resis-
tance of this resistor, which is made of
a semi-conductor material, decreases
as the temperature increases. This
change is used for measurement pur-
poses.

In water-cooled engines the tempera-
ture sensor is installed in the engine
block where it is immersed 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 head of
the engine.

Idle-speed control

During the warm-up phase the engine
receives more fueldue tothe influence
of an auxiliary-air device. This is to
overcome the frictional resistance in
the cold engine and to guarantee a
stable idling speed.

There are increased frictional resis-
tances present in a cold’engine which
must be overcome at idling speed. The
engine is therefore allowed to take in
more air through the auxiliary-air de-
vice by bypassing the throttle valve.
Since this additional airis measured by
the air-flow sensorandis takeninto ac-
countwhen the fuel is metered, the en-
gine receives more air-fuel mixture.
With a cold engine a stable idling
speed can therefore be achieved.

Auxiliary-air device

In the auxiliary-air device a bimetallic
strip operates a blocking plate which
controls the cross-section of the by-
pass channel. The cross-section open-
ing of this blocking plateis adjusted de-
pending on the temperature, so that
the opening is large enough for cold-
starting but becomes smaller as the
engine temperature increases until it
eventually closes. The bimetallic strip
is heated electrically. In this way a limit-
ed opening time can be achieved, ac-
cording to the individual type of en-
gine.

The auxiliary-air device is fitted in a
position where it can sense the tempe-
rature of the engine. This prevents the
auxiliary-air device from coming into
operation when the engine is warm.

Fig. 28 Temperature sensor
1 Electrical connection, 2 Housing, 3NTC resistor
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-Fig. 29 Warm-up enrichment

1 Engine temperature sensor, 2 Control unit,
3 Infection valves
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Fig. 30 Warm-up enrichment curve
Enrichment factor as a function of time, a propor-
tion mainly dependent on time, b proportion
mainly dependent on engine temperature



Adaptation to load

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

Idle

If the air-fuel mixture is too lean when
idling, this can result in misfiring and
uneven running of the engine. If neces-
sary, the mixture should, therefore, be
enriched for this operating condition.
An adjustable bypassis providedin the
air-flow sensor for adjusting the mix-
ture ratio. A small amount of air passes
through this bypass, thereby avoiding
the sensor flap.

Control system

Part load

By far the greater part of the time the
engine will be operating in the part-
load range. The fuel requirement curve
for this range is programmed in the
control unit and determines the
amount of fuel supplied. The curve is
plotted so that the fuel consumption of
the engineis lowinthe part-load range.

Full-load

In the full-load range the engine must
give its greatest output. This is
achieved by enriching the mixture
compared with its composition in the
part-load range. The extent of the en-
richment is programmed in the con-
trol unit for the specific engine. Infor-
mation on operation in the full-load
range is passed from the throttle-valve
switch to the control unit.

Fig. 31 Auxiliary-air device
1Blocking plate, 2 Bimetallic strip, 3 Electric heat-
ing element, 4 Electrical connection
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Fig. 33 Idie/fuli-load correction
1 Throttle valve, 2 Throttle-valve switch, 3 Control
unit

Fig. 32 Idle-speed control
1 Throttle valve, 2 Air-flow sensor, 3 Auxiliary-air
device, 4 Idle-mixture adfusting screw

Fig. 34 Throttle-valve switch
1 Full-load contact, 2 Contact path, 3 Throttle-
valve shaft, 4 Idle contact

15

Throttle-valve switch

The throttle-valve switchisfitted to the
intake manifold and is operated by the
throttle-valve shaft. In each of the end
positions “full-load” and “idle” a con-
tact is closed.

Acceleration
During 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 the throttle valve is suddenly opened
at a constant engine speed, then both
the amount of air which reaches the
combustion chamber as well as that
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-
tion. This overswing increases the me-
tered fuel quantity (acceleration en-
richment), and the resultis good transi-
tional response.

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

Adaptation to the air
temperature

The quantity of fuelinjected is adapted
to the air temperature.

The quantity of air necessary for com-
bustion depends on the temperature
of the air drawn in. Cold air is denser.
This means that with the same throttle-
valve position the volumetric efficien-
cy of the cylinders drops as the tem-
perature increases. To register this
effect a temperature sensoris fitted in
the intake duct of the air-flow sensor.
This sensor measures the temperature
of the air drawn in and passes this in-
formation onto the control unit which
then controls the amount of fuel me-
tered to the cylinders accordingly.
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Additional adaptations

In order to optimize the driveability ofa
particular vehicle model under certain

Control unit

As the central unit of the system, the

driving conditions, avariety of different

control unit evaluates the data deliv-

adaptation facilities can be incorporat-

ered by the sensors on the operating

ed.

Engine-speed limitation

With the existing engine-speed limita-
tion the ignition is short-circuited by
the distributor rotor when a certain
max. speed has been reached.
Thismethod is nolonger possibleinve-
hicles with catalysts, since the fuel still
injected would pass into the catalyst
unburnt. This leads to thermal failures
of the catalyst. An electronic engine-
speed limitation offers a solution here.
Triggering of this circuit is carried out
by the control unititself. The speed-de-
pendent signal is compared with a
fixed limit. If the limit is exceeded the
injection signals are suppressed.

Overrun operation (coasting)

During the transition to overrun opera-
tion the fuel supply can be cut off
above a certain engine speed, i.e. the
injection valves remain closed. For this
process the control unit evaluates the
signals from the throttle-valve switch

and from the engine speed. If the

speed sinks below a certain value or if
the idle contact opens again in the
throttle-valve switch, then the fuel
supply is resumed again.

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

condition of the engine. From this data,
control pulses for the injection valves
are formed, whereby the quantity of
fuelto beinjected is determined by the
length of time the injection valves are

opened.

Processing

of information and
generation of injection
pulses

Thefreguency of the injection pulsesis

Fig. 35 Control unit

The basic injection time is extended by
the signals from the sensors depend-

calculated from the engine speed. The

ing on the operating condition of the

engine speed and the quantity of air

engine.

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 unit, the division
control multivibrator.

The division control multivibrator
(DSM) receives the information on
speed nfrom the frequency dividerand
evaluates it together with the air-quan-
tity signal Us. For the purpose of inter-
mittent fuel injection the DSM con-
verts the voltage Us into rectangular
shaped controlimpulses. Duration ¢, of
this impulse determines the basic in-
jection quantity, i. e. the quantity of fuel
to be injected per suction stroke with-
out considering any corrections. f, is
therefore regarded as the “basic injec-
tion time”. The greater the quantity of
air drawn in with each suction stroke,
the longer the basic injection time. Two
border cases are possible here: if the
engine speed nincreases at a constant
air throughput Q, then the absolute
pressure sinks downstream of the
throttle valve and the cylinders draw in
less air per stroke, i. e. the cylinders are
not filled as much. As a result less fuel
is needed for combustion and the du-
ration of the impulse ¢, is correspond-
ingly shorter. If the engine output and
thereby the amount of air drawn in per
minute increase and providing the
speed remains constant, then the cyi-
inders will be filled betterand more fuel
willbe required: the impulse duration £,
of the DSM is longer. During normal
driving, engine speed and output
usually change at the same time, whe-
reby the DSM continually calculates
the basic injection time #,. At a high
speed the engine output is normally
high (full load) and this results in the
end effectin alongerimpulse duration
t, and therefore more fuel per injection
cycle.

Adaptation of the basic injection time
to the various operating conditions is
carried out by the multiplying stage in
the control unit. This stage is con-
trolled by the DMS with the pulses of
duration #,. In addition the multiplying
stage gathers information on various
operating conditions of the engine,
such as cold start, warm-up, full-load
operation, etc. From this information
the correction factor k is calculated.
This is multiplied by the basic injection
time ¢, calculated by the division con-
trol multivibrator. The resulting time is
designated ¢. t is added to the basic
injection time ¢, i. e. the injection time
is extended and the air-fuel mixture be-
comesricher. ¢, is therefore ameasure
of fuel enrichment, expressed by afac-
tor which can be designated “enrich-
ment factor”. When it is cold, for
example, the valves inject two to three
times the amount of fuel at the begin-
ning of the warm-up period.

Voltage correction

The operating time of the injection
valves depends very much on the bat-
tery voltage. The resulting response
delay would have too shortaninjection
duration without an electronic voltage
correction. The result would be an in-
sufficient fuel quantity for injection.
The lower the battery voltage the less
fuel the engine would receive. For this
reason a low battery voltage, e. g. after
starting with a heavily discharged bat-
tery, must be compensated for with an
appropriately selected extension ¢ of
the pre-calculated pulse time in order
that the engine receives the correct
fuel quantity. This is known as “voltage
compensation”.

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



tends the valve control pulses by the
amount ¢ of the voltage-dependent re-
sponse delay of the injection valves.
The total duration of the injection
pulses 4 consists of the sum of
tottmtts.

Injection pulses

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

All the injection valves in the engine
open and close at the same time. With

Control unit

Speed

Load range

shaper

divider

Division
control
multivibrator

Multiplying stage

Engine Air

Injection
valves

4 Injection

correcte
1p Basic injection time
n Speed ol

ulses

7 i . : 4 | Vehicle
gach val\{e a series resistor is wired quantity tem-  tem- voltage
into the circuit as a current limiter. perature  perature :
Fig. 36 Block diagram of the control unit
720° KW

Ignition sequence of the
cylinders and opening times of |
the injection valves :

MNow =

o° 360°

Ignition delivers trigger pulses

Pulse shaper generates rectangular
pulses from these trigger pulses

Frequency divider halves the pulse
sequence in order to provide triggering
pulses for the injection valves

Division control multivibrator generates the
basic injection time 1,

Multiplying stage processes the correction
quantities and adaptation quantities

tm cOrrection time

ts voltage correction time

Final stage delivers amplified voltage
pulses j; for the injection valves

The final stage of the L-Jetronic sup-
plies 3 or 4 valves simultaneously with
current. Control units for 6 and 8-cyl.
engines have two final stages with 3
and 4 injection valves respectively.
Both final stages operate in unison.
The injection cycle of the L-Jetronic is
selected so that for each revolution of
the camshaft halfthe amount of fuelre-
quired by each working cylinder is in-
jected twice.

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

resistors. Control of the injection
valves takes place then as follows: as
soon as the valve armatures have op-
erated at the beginning of the impulse,
the valve current is regulated for the
rest of the impulse duration to a consi-
derably reduced current, the holding
current. Since these valves are
switched on at the start of the impulse
with a very high current, short re-
sponse times are the result. By means
of the reduction in current strength af-
ter switching on, the final stage is not
subjected to such heavy loading. In
this way up to 12 valves can be
switched with one final stage.

Fig. 37 Generation of the injection pulses in
the control unit for a 4-cyl. engine.
°KW = °crankshaft
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Composition of the
control unit

The L-Jetronic control unitis in ametal
housing which is protected against
splashwaterand s fitted whereitis not
affected by the heat radiated from the
engine. The electronic components of
the control unitare 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 (e.g. pulse shaper,
pulse divider, division control multivi-
brator) and componentsin hybrid form
increases the reliability of the control
unit.

Electrical circuit

Electric circuitry

The complete circuitry of the L-Jetro-
nic has been designed so thatitcanbe
conneced to the vehicle electrical sys-
tem at a single point.

At this point you will find the relay com-
bination whichis controlled by the igni-
tion starter switch, and which switches
the vehicle voltage to the control unit
and the other Jetronic components.
The relay combination has two separ-
ate plug connections, one to the ve-
hicle electrical system and one to the
Jetronic.

Safety circuit

In order to prevent the electric fuel
pump from continuing to supply fuel
e.g. after an accident, it is operated by
means of a safety circuit. A switch ope-
rated by the air-flow sensor when
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Fig. 39 Voltage supply (diagram)
1 Ignition and starter switch, 2 Battery, 3 Relay
combination, 4 Controf unit

Fig. 40 Example of a connection diagram
(L-Jetronic with regulated final stage)

TF Engine temperature sensor, TZS Thermo-time
switch, KSV Start valve, EV Injection valve,
LMM Air-flow sensor, ZLS Auxiliary-air device,
DKS Throttle-valve switch, EKP Electric fuel-
pump, RK Relay combination, ZS Ignition coll,
BA Battery, ST multiple plug to controf unit
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Fig. 38 Control unit (opened up)

A multiple plug is used to connect the
control unit to the injection valves, the
sensors and the vehicle electrical sys-
tem. The input circuitin the controlunit
~ isdesigned so that the latter cannotbe
connected with the wrong polarity and
cannot be short-circuited.

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

airis passedthrough, controls the relay
combination, which in turn switches
the electric fuel pump. If the engine
stops when the ignition is switched on,
i.e. when there is no longer any air
throughput, the supply of current to
the pump is interrupted. During the
starting procedure the relay combina-
tion is controlled in a corresponding
manner via terminal 50 from the igni-
tion switch.

Connection diagram

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

Please note with the wiring harness
that terminal 88z of the relay combina-
tion is connected directly and without
a fuse to the positive pole (terminal
post) of the battery in order to avoidin-
terference and voltage drops caused
by contact resistances.

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




Reduction of noxious emissions

Reduction of noxious
emissions

The noxious emissions from the spark-
ignition engine can be effectively re-
duced by means of catalytic treatment

The fuel combustionin the working cyl-
inder of an engine is more or less in-
complete. The more incomplete the
combustion, the greater the amount of
harmful materials in the exhaust gas.
There is no such thing as complete
combustion of fuel, not even when
there is an excess of oxygen. This
means that the exhaust will always
have a certain harmful content. In or-
derto reduce the effect onthe environ-
ment, 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-
calconversion of noxious exhaust con-
stituents such as carbon monoxide,
hydrocarbons and nitrogen oxide into
harmless constituents. For the after-
treatment of exhaust gas thereis an ef-
fective catalytic process. A prerequisi-
te of this process, however, is optimal
mixture composition. An optimal, i.e.
stoichiometric mixture composition
exists when, with the amount of air
drawnin, just enough fuel is gasified or
is injected to enable in theory a com-
plete combustion to take place, i.e. a
combustion without excess of oxygen
orfuel. Such a mixture is characterized
by an air ratio A of exactly 1.00.

The actual difficulty in purifying ex-
haust gases by means of “catalytic af-
tertreatment” is in strictly maintaining
A=1.00 for every operating condition
of the engine. A deviation of amere 1%
is enough to impair the aftertreatment
to a considerable degree. It is impos-
sible to keep the mixture 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 mixture
control is necessary. The reason for
this is that the open-loop mixture con-
trol, e.g. with L-Jetronic, cannot moni-
tor and feed back the result, although
it calculates and meters out-the fuel
quantity needed. We speak here of an
open-ioop control. On the other hand,
the closed-loop mixture control mea-
sures the composition of the exhaust
gas and uses the result for correcting
the fuel quantity calculated.

The diagram shows how the emission
of noxious matter is influenced by the
mixture composition and by aftertreat-
ment. The necessity for the highest
possible control accuracy can be re-
cognized by the considerableincrease

Moxious emissions in exhaust gas
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Fig. 41 Effect of the catalytic exhaust detoxi-
cation with Lambda closed-loop control. Opti-
mal mixture setting range: A = 0.99...1.00
Noxious proportion a: without aftertreatment, b:
with aftertreatment, CO carbon monoxide, CH
carbohydrates, NOy nitrogen oxide

in the harmful carbon monoxide (CO)
just under A = 1.00 as well as by the
sudden increase of the equally harmful
nitrogen oxide (NO,) just over 1 =1.00.

Lambda closed-loop
control
With the Lambda closed-loop control

the air-fuel ratio can be maintained ex-
tremely 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
control principle is as follows: the
Lambda sensor measures continually
the residual oxygen content in the ex-
haust gas, this being a measure for the
composition of the air-fuel mixture
supplied to the engine. The Lambda
sensor in the form of a measuring sen-
sor in the exhaust pipe supplies infor-
mation onwhetherthe mixtureisricher
or leaner than A = 1. When there is a
deviation from this value, the output
signal of the sensor makes a voltage
jump which is evaluated by the control
unit. In this way the control unit be-
comes a (closed-loop) control unit.
The Lambda closed-loop control in-
fluences the duration of the injection
(= quantity), these being calculated
beforehand by the injection control. In
this manner the fuel can be appor-
tioned so exactly that the air-fuel ratio
is optimal in all engine conditions.
Tolerances and aging of the engine are
of no importance here. If, for example,
A=1.03 (slightly lean mixture), thenthe
Lambda closed-loop control compen-
sates for the excess air with an in-
crease in the fuel supply. The closed-
loop control works the opposite way
when, e.g. 1 = 0.97 (slightly rich mix-

Fig. 42 Functional diagram of the L-Jetronic
with Lambda closed-loop control

1 Air-flow sensor, 2 Engine, 3 Lambda sensor,
4 Catalyst, 5 Injection valves, 6 Control unit with
regulator, [/; Sensor voltage, Uiz Vehicle voltage,
n Engine speed, th Engine temperature

ture). This continual, almost inertia-
less setting of the mixture at A=1is the
prerequisite for enabling the catalyst
switched into the circuit to burn the
harmful particles to an effective de-
gree.

In addition to this basic task the clo-
sed-loop control supervises other con-
trol and adaptation duties. Closed-
loop operation is impossible, however,
until the operating temperature of the
Lambda sensor has been reached.
During this period the system is
switched to open-loop control. The
closed-loop control monitors further-
more the function of the sensor during
operation. If a fault should occur, then
the system is controlled to give a me*
dium Lambda value.

Fig. 43 Sensor voltage as a factor of the air
ratio
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The Lambda sensor

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

The Lambda sensor measures the oxy-
gen content of the exhaust gas. This
oxygen content is dependent on the
air-fuel mixture. The special feature of
the Lambdasensoris that deviationsin
the airratio A=1lead to a spontaneous
change in the output signal of the sen-
sor.

The sensor consists principally of a
special ceramic body, the surfaces of
which are fitted with platinum elec-
trodes through which gas can pass.
The sensor works on the principle of
the ceramic material, which is doped
with certain metal oxides, becoming
conductive at high temperatures. If the
oxygen content on each side of the
electrodes varies in size, then an
electric voltage occurs at the elec-
trodes. This voltage represents the
measuring signal.

The sensor is arranged in the exhaust
pipe from the engine in such a manner
that the outer surface of the ceramic
body lies in the exhaust-gas flow. The
inner part, however, is in contact with
the outside air. The demands placed on
a A-sensor are, by their very nature, se-
vere. High thermal, mechanical and
even chemical stresses occur, all of
which are mastered by the sensor
thanks to its clever design.

Further development of
electronically controlled
injection systems

“Bosch Motronic”

The efficiency of the present-day
micro-computers makes it possible to
combine the functions “gasoline injec-
tion” and “ignition”, so that the basic
cost of the micro-computer itself as
well as of the voltage supply and the
‘housing is only necessary once. Apart
from this, almost all the sensors can be
used for both the gasoline injection
and the ignition. These, too, are only
necessary once. We therefore have in-
creased reliability and less cost than
for two separate systems. Bosch has
therefore developed a system which
contributes considerably in reducing
costs, inreducingtheimpactontheen-
vironment and in improving the driving
comfort of motor vehicles.

The Motronic is an integrated system
for the electronic control of gasoline
injection and ignition.

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

~ Further development

Fig. 44
The Lambda sensor
from Bosch

1 Electrode (+)

2 Electrode (—)

3 Housing (-)

4 Protective sleeve
(air side)

5 Disc spring

6 Electrical

connection
7 Protective tube
(exhaust side)
8 Sensor ceramic
9 Support ceramic
10 Contact part
11 Vent opening

tion and ignition in a digital engine con-
trol system. We are concerned here
with a computerized control for the en-
gine, i.e. the application of a micro-
computerinthe electronic controlunit.
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 to repro-
duce,as andwhenrequired,the engine
data which only needs to be stored
once. Inadditiontothemainitem of the
Motronic, the micro-computer which
consists of a micro-processorin which
data and programs are stored, and of
theinput and output circuit, the system
is characterized by fewer fast-moving
parts fortheignition and common pick-
ups for injection and ignition. In this
way maintenance is kept at an abso-
lute minimum. In practice this means
that the adjustment of the mechanical
governor and of the vacuum can be
dispensed with and in its place comes
an integrated fully electronic (breaker-
less triggered) computerized ignition
in the Motronic system with inductive
speed and reference mark sensor.

Method of operation 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 component.
The program store of the micro-com-
puter is used for storing all data which
characterize the operation of the en-
gine under various operating condi-
tions. Also stored is aworking program
which controls both the flow of signals
to the store and the 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 engine atany particularmoment.
If there are any deviations from the op-
timum mode of operation, the micro-
processor effects the necessary cor-
rections for injection and ignition by
sending appropriate control pulses to
the final output stages in the control
unit. The final output stages then con-
trol the ignition coil and the injection
valves accordingly.

Injection subsystem

The intermittent, electronically-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 control unit.
The speed sensor is an inductive sen-
sor on the flywheel ring gear.

The triggering-off point for the injec-
tion of fuel through the solenoid-oper-
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 temper-
ature, intake-air temperature, throttle-
valve position etc. for optimum engine
operation.

Ignition subsystem

Instead of the mechanical governor
and the vacuum adjustmentin the igni-
tion distributor, there is an ignition-
point map stored in the control unit.
This map is far superior to the former
adjustmentandisadaptedtoallengine
ranges.

A dwell-period control which deter-
mines the dwell period (dwell angle)



dependent on the speed and supply
voltage, adapts the ignition energy to

Further development

the specific need and prevents un- Bibferenos etk coritrol linit High-voltage
necessary energy consumption in the T
ignition coil. ; Micro-computer

s . Engine speed
A particular advantage of the Motronic gsensc?r 5 = ,
is that the ignition timing point in the Store = lIgnition coil

full-load range is set for maximum tor-
que, except in those ranges where
consideration must be given to the
octane requirement. In the part-load

Air-flow sensor

Air-temperature
sensor

Micro-processor

Ignition valves

range the ignition timing point is set for . Eumpirelay
minimum consumption whilst at the E"Q'“eégen';‘gffa‘“fe Input and output
same time adhering to the limits of ex- circuit L
haust-gas emission. Changes in load Electric fuel
are registered by the Motronic imme- Supplyoliage pump
diately. At each revolution of the en- }
gine the computer enquires of the lgnit‘lom?ghstaner " ¥
operating condition of the engine and Signal processing
with the help of the programmed Throttie-valve
values, calculates therefrom the new switch -
dwell angle. This brings speedy adjust-
ment to modified operating conditions. :
Fig. 45 Motronic block diagram
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Fig. 46 Diagram of the Motronic system

1 Fuel tank, 2 Fuel pump, 3 Fuel filter, 4 Distributor tube, 5 Pressure regulator, 6 Air-flow sensor, 7 Intake-air temperature-sensor, 8 Throttle-valve switch,
9Engine-temperature sensor, 10 Controf unit, 11 Reference-mark sensor, 12 Speed sensor, 13 Flywheel, 14 Battery, 15 Ignition and starter switch, 16 Main relay,
17 Pump relay, 18 High-voltage distributor, 19 Spark plug, 20 Ignition coil, 21 Injection valve, 22 Start valve, 23 Thermo-time switch, 24 Auxiliary-air device,
25 Idle-mixture adjustment-screw, 26 ldle-speed adjustment-screw, 27 Throttle valve.
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Summary

1. The spark-ignition engine is an en-
gine with externally supplied ignition
which converts the energy in fuel into
kinetic energy.

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

3. To characterize the air-fuel mixture
the air ratio A (Lambda) has been cho-
sen.

4. The task of the mixture preparation
is to proportion a fuel quantity which
corresponds to the amount of air
drawn in.

5. The L-Jetronic is a drive-less, elec-
tronically controlled injection system
with intermittent fuel injection.

6. The fuel system supplies the
amount of fuel required by the engine
under pressure for all operating con-
ditions.

7. An electrically driven
pump serves as a fuel pump.

roller-cell

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

. 9. The distributor tube guarantees
equal fuel pressure in all injection
valves.

10. The pressure regulator controls

the pressure in the fuel system.

11. Theinjection valves inject the fuel
into the intake tubes of the cylindersin
front of the inlet valves of the engine.

12. Themixtureisformedintheintake
tube and in the cylinders of the en-
gine.

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

14. As a central unit the control unit
evaluates the data delivered by the
sensors on the operating conditon of
the engine. 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 frequency of the injection im-
pulses is based on the engine speed.

16. The quantity of air drawn in by the
engine, and its speed, are a measure of
the engine loading.

17. Theengine speed and the quantity
of air drawn in determine 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.

19. Depending on the engine tem-
perature, an additional quantity of fuel
is injected for a limited period during
starting (start enrichment).

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

21. During warm-up the engine re-
ceives more mixture due to the influ-
ence of an auxiliary-air device in order
to overcome the increased friction
when cold and to guarantee a stable
idling.

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

23. Atfullload the mixtureisenriched.

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

25. Additional adaptation measures
can be adopted to optimize the driving
behaviour, depending on the specific
vehicle.

26. Ifthe engine stopswiththeignition
still switched on, the electric fuel pump
is switched off.

27. The harmful emissions from the
spark-ignition engine can be effective-
ly reduced by means of catalytic after-
treatment.

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

29. The signal from the Lambda sen-
sor is dependent on the air-fuel ratio.

30. The Motronic is an integrated sys-
tem for the electronic control of gaso-
line injection and of the ignition.

Summary/Suggestions for Further Reading

Suggestions for Further
Reading

A number of technical dissertations on
the subject of Jetronic systems has ap-
peared. Their contents lie outside the
scope of this booklet. The following
works are to be recommended:

O. Gloéckler, N. Rittmannsberger, H.
Scholl: Weiterentwicklung der elektro-
nisch gesteuerten Benzineinspritzung
“Jetronic” (The further development of
electronically-controlled gasoline in-
jection “Jetronic”).

ATZ 73 (1971) 4, 126-132

H. Scholl;

Elektronische Benzineinspritzung mit
Steuerung durch Luftmenge und Mo-
tordrehzahl (Electronic gasoline in-
jection by means of air quantity and
engine speed), Bosch Technische Be-
richte 4 (1972/74), 190-199

R. Zechnall, G. Baumann:

Reines Abgas bei Ottomotoren durch
geschlossenen Regelkreis (Pure ex-
haust-gas in spark-ignition engines by
means of closed-loop control).

MTZ 34 (1973) 1, 7-11

Q. Glockler, B. Kraus:

L-Jetronic - Elektronisches Benzin-
einspritzsystem mit Luftmengenmes-
sung (L-Jetronic — Electronic gasoline
injection with measurement of air
quantity).

Bosch Technische Berichte 5 (1975/
77)1,7-18



Technical terms

Air-fuel ratio

Ratio of the air quantity to the fuel
quantity in the mixture drawn in by the
engine.

Air-flow sensor
Device for measuring the quantity of
air drawn in.

Altitude correction

Atmospheric density decreases as alti-
tude increases. With fuel supply at a
constant level the air-fuel mixture
would become too enriched. The fuel
quantity is therefore modified. This
procedure is known as altitude com-
pensation.

bar
Unit of measure for pressure
1 bar = approx. 1 kgf/cm2,

Basic fuel quantity

The injected fuel quantity minus all
quantities arising as a result of correc-
tions.

Bimetal

Two metals mechanically connected
to each other with differing thermal ex-
pansion coefficients. The bending of
the metal caused by heatingis usedfor
purposes of measuring and control-
ling.

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

Catalyst
Material which causes a chemical
reaction, without changing itself.

Condensation loss

With a cold engine fuel particles from
the air-fuel mixture condense on the
walls of the intake manifold and com-
bustion chamber which are still cold. In
this way the mixture becomes leaner,

Cylinder-flooding protection

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

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

Duration of injection
Time during which the injection valves
are open.

Electrode
Conducting part which serves to con-
duct electricity to a medium.

Technical terms

Gasoline infection
Supply of the fuel quantity to the
drawn-in air quantity by means of the
injection system.

Ignitable mixture
An air-fuel mixture is ignitable in the
range of A=10.7...1.3.

Intake manifold

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

Intake tube :
The cylinders are supplied with air via
the intake tubes which are connected
to the intake manifold.

Integrated circuit

Electronic circuit consisting of per-
manently connected semiconductor
components on a, usually, very small
supporting plate. Short designation IC.

Lambda (A), air ratio
See air-fuel ratio

Lean mixture

Excess air, A >> 1, air quantity supplied
greater than theoretical air require-
ment.

NTC resistance
Temperature-dependent semiconduc-
tor resistor, the resistance value of
which decreases with increasing tem-
perature (NTC resistor). NTC means
Negative Temperature Coefficient.

Overrun
Mode of driving whereby the engine is
driven by the vehicle, e.g. when going
downhill.

Part load
Load range between idle and full load.

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

Relay combination

Circuit consisting of two relays. The
control unit is switched on by the 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, A <1, air quantity supplied
smaller than theoretical quantity of air
required.
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Sensor

Devices for converting physical di-
mensions into others, e.g. heat or
pressure into electric signals.

Start of injection
The moment when the injection valves
open.

Stoichiometric ratio

Ratio of the quantity of air necessary
theoretically for complete combustion
of a certain quantity of fuel. For gasol-
inetheratiois14:1,i.e.14.7 kg airto1kg
fuel.

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

Warm-up enrichment

In order to compensate for the thinning
of the air-fuel mixture due to conden-
sation losses, an additional quantity of
fuel is fed to the engine.

Working cycle

(of the internal-combustion engine)

A working cycle consists of all pro-
cessesinthecylinder, from aparticular
state up till the moment when that par-
ticular state is repeated. In a 4-stroke
engineaworkingcycleincludestwore-
volutions of the crankshaft.
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Test questions

A The spark-ignition requires
[] a) excess air

L] b) a certain air-fuel ratio
[] ¢) excess fuel

Test questions
M The throttle-valve switch

[] a) closes and opens the throttle
valve

L] b) switches the fuel pump on

[] ¢) signals the throttle-valve posi-
tion to the control unit

B The L-Jetronic

L] a) injects intermittently
[] b) injects continuously

C The fuel pump is driven by

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

D The pressure regulator regulates
the fuel pressure

[] a) independent of the pressure in
the intake manifold

[] b) dependentonthe pressureinthe
intake manifold

E The injection valves inject the fuel

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

F The sensors

[J a) control the injection valves

[J b) register the operating condition
of the spark-ignition engine

[J ¢) 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-
fold

UJ b) the pressure in the intake tubes

[] ¢) the quantity of airdrawn in by the
engine

J During cold starting

] a) the intake manifold is heated
L] b) more fuel is injected
[J ¢) less fuel is injected

K During warm-up

[] a) the mixture is enriched
[] b) the fuel pressure is increased

L The auxiliary-air device

L] a) increases the engine speed
L] b) stabilizes the engine speed
[J c) makes the mixture leaner

N The control unit

[] a) controls the sensors

[} b) evaluates the sensor signals

[J ¢) supplies pulses to the injection
valves

O The basic injection time is calculat-
ed from the

[J a) engine speed
L] b) engine speed and air quantity
L] c) air quantity

P The correction variables effect

[} a) an extension of the basic injec-
tion time

[J b) areduction of the basic injection
time

Q When the battery voltage sinks

O

a) the injection pulses are length-
ened

b) the injection pulses are short-
ened

OJ

R With stationary engine and ignition
switched on

a) the fuel pump works
b) the fuel pump does not work

With a catalyst it is possible

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

The Lambda sensor

a) measures the exhaust-gas
temperature

b) measures the remaining oxygen
content in the exhaust gas

c) is a sensor

O Rl I L

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

A: page 4 L: page 14
B: page 6 M: page 15
C: page 8 N: page 16
D: page 9 O: page 16
E: page 9 P: page 16
F: page 11 Q:page 16
G: page 11 R: page 18
H: page 12 S: page 19
J: page 13 T: page 20
K: page 14
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The titles shown below have so far appeared in the
Bosch Technical Instruction series.

These publications can be obtained from yourlocal
Bosch representative; if unknown, please send for

list.

If you are interested in further teaching aids, such
as training charts, audio-visual presentations with
synchronized commentary, please send to your
local Bosch representative forourspecial catalogs.
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