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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.







