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The things an automobile
has to go through...



KE-Jetronic

A gasoline injection system must inject
precisely the correct amount of fuel for the l
various operating conditions. Whereas the
increase in engine power was the main object
at the start of development work on gasoline
injection, today we are spurred on by the ‘
necessity to improve the fuel-consumption
figures and to reduce the toxic emissions in
the exhaust gas to as low a level as possible.
The purely mechanical systems are not able
to fulfill these stringent requirements. For this
reason, the well-proven K-Jetronic was
retained as the basic injection system but
was uprated to a more intelligent and more
efficient system by the addition of electronic
circuitry.
This synthesis, comprising the mechanical
basic functions coupled with electronic adap-
tation and optimization functions, is the
KE-Jetronic.
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The Spark-Ignition Engine

The spark-ignition engine,
also known as the Otto-
cycle engine?*), is an
engine with externally
supplied ignition that
converts the energy
contained in the fuel into
work.

In the spark-ignition engine, a fuel-induc-
tion system outside the combustion cham-
ber forms an air-fuel mixture. This mixture,
drawn in by the piston’s downward (intake)
stroke, flows into the combustion cham-
ber. During the upward (compression)
stroke of the piston this mixture is com-
pressed, and timed external ignition froma
spark plug initiates its combustion. The
heat energy released by this combustion
increases the compressed gas's pres-
sure, and it is this combustion pressure
which delivers the mechanical work
through the piston and the crankshaft
when the pistonisforced downward again
during its combustion (power) stroke,
After each combustion (power) stroke, the
pistonagain reversesits directionand dur-
ing its upward (exhaust) stroke forces out
the burned gases. The 4-stroke cycle has
now been completed, and begins again
when the piston draws a fresh charge of
air-fuel mixture into the combustion cham-
ber during its next downward (intake)
stroke. In motor vehicles, the gas cycle
takes place predominantly using the 4-
stroke cycle described above; one cycle
taking place every two revolutions of the
crankshaft.

1) left: Section through a spark-ignition engine
fitted with KE-Jetronic (Phato: Daimier-Benz AG).

The 4-stroke cycle in detail

1st stroke: intake

2nd stroke: compression

3rd stroke: combustion (power)

4th stroke: exhaust

Control of the gas cycle in a 4-stroke
spark-ignition engine is by means of
valves which open the intake and exhaust
passages in accordance with the cam-
shaft position.

Intake stroke

Intake valve: open

Exhaust valve: closed

Piston movement: downward
Combustion: none

As it moves downward, the piston
enlarges the cylinder volume and draws in
fresh air-fuel mixture through the open
intake valve.

Compression stroke

Intake valve: closed

Exhaust valve: closed

Piston movement: upward

Combustion: initial phase (ignition)

As it moves upward, the piston reduces
the cylinder volume and compresses the
air-fuel mixture. The compression ratio is
in the order of belween 8:1 and 12:1
depending upon engine design. The high-
er the compression, the higher the engi-
ne's thermal efficiency and the better the
fuel is utilized. The compression ratio is
limited by the engine’s octane requirement
(knocking limit). Knocking is the irregular,
uncontrolled combustion of the ignited
mixture accompanied by a large pressure
increase. Knock leads to engine damage.
By means of uniform air-fuel mixture distri-
bution in the cylinder, and utilization of the
flow effects in the intake passage, as
well as appropriate combuslion-chamber

design, the knocking limitcan be shifted to
permit higher maximum compression
ratios. Justbefore the pistonreaches TDC,
the spark plugignites the compressed air-
fuel mixture and initiates the combustion.

Combustion(power) stroke

Intake valve: closed

Exhaust valve: closed

Piston motion: downward

Combustion: burn-through phase

After the spark plug has ignited the com-
pressed air-fuel mixture, the temperature
and the pressure increase rapidly. The
pressure drives the piston downward, and
delivers work to the crankshaft by way of
the connecting rod. This work is available
as engine power output. Power increases
along with increasing engine speed, and
forthisreasonitis necessaryto useagear-
box to efficiently match the engine speed
to the vehicle speed.

Exhaust stroke

Intake valve: closed

Exhaust valve: open

Piston motion: upward

Combustion: none

Moving upward, the piston forces out the
burned (exhaust) gases through the open
exhaust valve. After this fourth stroke, the
cycle starts again. In practice, the valves’
opening times overlap somewhat in order
to utilize gas flow and hydrodynamic pul-
sations for better charging and purging of
the cylinder.

*) Mamed after MNikolaus August Otto,
1832-1891. Otto showed the first gas
engine with compression operating
according to the 4-stroke principle at the
1878 Paris World's Fair.

1. Intake

2) Working strokes of the 4-stroke spark-ignition engine.
2. Compression

3. Combustion/power

4. Exhaust




Fuel management

Air-fuel mixture

The spark-ignition _engine requires a
specific air-fuel ratio for its operation. The
theoretical air-fuel ratio is 14.7:1. Correc-
tion of the air-fuel ratio is required for the
various operaling conditions,

The specific fuel consumption of a spark-
ignition engine is dependent principally
upontheair-fuel ratio. Theoretically, for full
combustion and therefore minimum fuel
consumption, the greatest possible
amount of excess air would be desirable;
but for reasons of flammability and the
limited time available for combustion, this
is not possible. Forcontemporary engines,
maximum fuel economy occurs at an air-
fuel ratio of approximately 15... 18 kg airto
1 kg fuel. In other words, some 10,000
liters of air are necessary for the combus-
tion of 1 liter of fuel. The chemical mini-
mum for complete combustion is termed
the stoichiometric ratio, and is 14.7:1.
Because vehicle engines are operated
most of the time at part load, they are
designed for maximum fuel economy in
_this range. For the other operating condi-
lions, such as idle and full load, mixtures
are called for that are richer in fuel. The
fuel-management system must be able to
meet these varying requirements.

Air ratio

To indicate how far the actual air-fuel ratio
deviates from the theoretical (14.7:1), the
air ratio, denoted by the Greek letter
A (Lambda) has been chosen:

actualinducted air quantity

A= ; i :
theoretical air requirement

i=1
The actual inducted air guantity equals the
theoretical air requirement.

A<
Shortage of air, or mixture too rich,
increased power at 4 = 0.85...0.95.

Az

Excess air, or lean mixture at A =
1.05... 1.3, reduced fuel consumption and
reduced power,

i>13
The mixture will no longer ignite, the mis-
fire limit has been exceeded.

4 =0.95..0.85
Spark-ignition engines develop their maxi-
mum power at 5...15% air shortage.

A=11..12 A
Maximum fuel economy occurs at about
20% excess air.

Aapprox. 1.0
Perfect idle operation at stoichiometric
ratio.

+=0.85..0.76

Good transitionsat 15.... 26% air shortage.
*Transition” is defined as the change from
agiven load range toanother. Forinstance,
from idle to part or full load. Good transi-
tion is usually synonymous with good
acceleration.

The illustrations show the dependence of
power, specific fuel consumption, and pol-
lutants emission on the air ratio. As can be
seen, thereis no single optimum air ratioat
which all factors are ideal.

A=09..1.1
In practice, air ratios of 2 = 0.8... 1.1 have
proved to be the most practical.




Fuel-Management
Systems

Fuel-management systems, whether of the
carburetor or fuel-injection type, have the
task of producing the best-possible air-
fuel mixture for the parlicular operating
conditions of the engine.

The carburetoror the fuel-injection system
prepares the air-fuel mixture for the spark-
ignition engine. During the last few years,
the trend has become stronger towards
manifold fuel-injection. This trend is sup-
ported by the advantages offered by fuel
injection in connection with the demands
for economy, efficiency, excellent drive-
ability, and low-pollution exhaust gas.

Thereasons for these advantages liein the
fact that manifold injection permits extre-
mely precise metering of the fuel as a fac-
tor of the operating and loading conditions
of the engine, while at the same time tak-
ing environmental condiderations into
account. In the process, the composition
of the mixture is controlled so precisely
that the pollutant level in the exhaust gas
remains low. Furthermore, the allocation of
an injection valve to each cylinder results
in improved distribution of the mixture.
Since the carburetor can be dispensed
with, this means that the induction paths
can be designed to achieve the best-pos-
sible charging of the cylinder with air-fuel
mixture. This leads to a higher torque.

Mechanical fuel-injection systems
The K-Jetronic is today the most wide-
spread mechanical fuel-injection system.
It requires no drive, and injects the fuel
continuously. The K-Jetronic system is
described in detail in the booklet
“K-Jetronic” in the Bosch Technical
Instruction series.

Combined mechanical-electronic
fuel-injection system

The basic mechanical system from the
K-Jetronic serves as the basis for the
KE-Jetronic. Due to the extended process-
ing of operational data, electronically
controlled auxiliary functions were incor-
porated to adap! the injected fuel quantity
to the various engine operating condi-
tions.

Electronic fuel-injection systems
The L-Jetronic and its variants are electro-
nically contralled fuel-injection systems.
Solenoid-operated injection valves meter
the fuel intermittently to the intake ports.
The system is described in the booklet
“L-Jetronic™ in the Bosch Technical
Instruction series.

Combined ignition system and fuel-
injection system “Motronic”
Gasoline injection systems can only pro-
vide the answers to some of the problems.
In order to improve the overall combustion
process, the ignition point must also be
adapted to the engine operating condi-
tions. The Motronic combines the ignition
system and the fuel-injection system, both
of which arecontrolled by asingle comput-
er in accordance with common optimiza-
tion criteria. For more details, refer to the
booklet “Motronic” in the Bosch Technical
Instruction series.

Advantages of fuel injection

® Increased fuel economy

With a carburetor, or carburetors, the air-
fuel mixtures arriving at the individual
cylinders are different due to the air-fuel
separation which occurs in the respective
intake passages. By forming a mixture that
provides even the most unfavorably locat-
ed cylinder with sufficient fuel, the typical
carburetor meters too much fuel overall.
Apartfrom this, during load changesa film
of fuel is deposited on the intake-passage
walls which is subsequently vaporized
again. This leads to further unwanted

variations in the mixtures arriving at the
cylinders, and the result is excessive fuel
consumption and uneven cylinder load-
ing. On the other hand, both the K- and
L-Jetronic systems allocate an individual
injection valve to each cylinder.

These valves are centrally controlled, and
this ensures that all cylinders are provided
with the same, precisely controlled fuel
quantity at all times and under all condi-
tions. No more and no less than is absolu-
tely necessary.

® Higher power output
Jetronicfuel-injection systems permit opti-
mum intake-passage design, and by virtue
of the improved cylinder filling this pro-
vides higher torque. The overallresults are
higher specific power output and a torque
curve which better satisfies practical driv-
ing requirements.

® Immediate throttle response

Jetronic systems respond to changing
load conditions virtually without any lag at
all, because the injection valves inject the
fuel directly at the engine's intake valves.

@ Improved cold start and warm-up

Due to the precise metering of the fuel in
accordance with the engine temperature
and the cranking speed, starting times are
short and the run-up to idle speed
presents no problems.

During warm-up, the precise adaptation of
the injected fuel quantity results in smooth
running and immediate throttle response
along with minimum fuel consumption.

® Low exhaust emissions

The pollutant concentrations in the
exhaust gas are directly related to the air-
fuel ratio. If one wants to operate the
engine at the minimum emissions point,
the fuel-management system mustbe cap-
able of exactly maintaining the corre-
sponding air-fuel ratio. The K- and
L-Jetronic systems are so accurate that
they provide the precision of mixture con-
trol which is necessary to comply with the
particular emission regulations.

| 5) Influence of the air ratio (1) on the
| exhaust-gas composition.
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The KE-Jetronic gasoline injection system

System overview

A mechanical hydraulic injection system
provides the basis for the KE-Jetronic the
same as it doos for the K-Jetronic (see the
publication *K-Jetronic” from the Bosch
Technical Instruction series). The stream
of air drawn in by the engine deflects a sen-
sor plate, which in turn conirols the fuel-
melering plunger. Depending upon its
position, this plunger opens or closes the
fuel-metering slits. The basic function of
the KE-Jetronic is to meter the fuel to the
engine dependent upon the quanhity of air
drawn in by the engine (the main actuating
variable). But in contrast to the K-Jetronic,
the KE-Jetronic also takes a number of
additional engine operating data into
account by means of sensors. The output
signals from these sensors are processed
by an elecironic control unit (ECU) which
controls an electrohydraulic pressure
actuator which adapts the injected fuel

guantity to the various operating conditions.

In case of mallunction, the KE-Jetronic
operates solely with the basic function,
and the driver then has a system at his
disposal which provides good limp-home
capabilities when the engine is warm,

Advantages of the
KE-Jetronic

Lower fuel-consumption

With conventional fuel-management sys-
tems, the differences in the lengths of the
intake ports result in different air-fuel mix-
tures al the individual cylinders. With the
KE-Jetronic, each cylinder is allocaled its
own fuel-injection valve which injecls con-
tinually onto the intake valve. The injected
fuel vaporizes and mixes intensively with
the air drawn in by the piston. This means
thatin addition to the precise metering, the
fuel is evenly distnbuted between the indi-
vidual engine cylinders. Being as the
intake manifolds only serve to carry the
intake air to the cylinders, the condensa-
tion of the fuel on the manifold walls, a phe-
nomenon in conventional systems which
increases the fuel consumption, is practi-
cally ruled out. The KE-Jetronic system
ensures that considerably less fuel isused
particularly during the warm-up phase,
during acceleration enrichment, at full-
load, and during overrun when it switches
off the fuel supply.

8) KE-Jetronic componenis
See Fig. 9 lor key to numbers

Rapid adaptation to operating
conditions

The fuel requirement differs greatly from
the normal figures during the posistart
period, during warm-up, and during acce-
leration and full-load. By means of com-
mands received from its ECU, the KE-Jetro-
nic intervenes in the preparation of the air-
fuel mixture and increases or decreases
the injected fuel quantity accordingly. The
KE-Jetronic system incorporates additional
sensors for the registration of the engine
temperature, the throltle-valve position
(load signal), and the sensor-plate deflec-
tion (corresponds approximately to the
change in engine power over time). With
the aid of these sensors, the ECU com-
mands the hydraulic pressure actuator to
either “lean-off” the mixture or “richen”itas
appropriate. The KE-Jetronic responds
rapidly lo the variations in engine operat-
ing conditions, and improves the torque
characteristics as well as the engine flexi-
bility. This results in distinct advantages
whendrivingatenergy-efficientlowengine
speeds and in as high a gear as possible,
and also in animprovement of driveability.
Reliable starting is another of the out-
standing features of the KE-Jetronic.

The overrun fuel cut-off responds to
engine speed and temperature and cuts
off the supply of fuel during deceleration.
There are no unpleasent jerks when the
fuel supply cuts backin again. This system
results in a reduction of the fuel consump-
tion and, being as combustion ceases
during fuel cut-off, there is no emission
of loxic exhaust gases.

Cleaner exhaust gases

The prerequisite for minimum pollutantsin
the exhaust gas is the practically complete
combustion of the fuel. The KE-Jetronic
supplies each cylinder with precisely that
amount of fuel which is appropriate for the
particular engine operating condition and
for changes in loading. For instance, the
required air-fuel mixture is precisely main-
tained at the level necessary for minimum
toxic emissions by reducing the post-start
enrichment as soon as possible, or by the
rapid response of the acceleration en-
richment. Further improvements in the
exhaust gas can be achieved by employing
the Lambda closed-loop control together
with exhaust-gas aftertreatment using a
catalytic convarter.

Higher power output per liter

The efficiently designed air-intake system
of the KE-Jetronic permits an increase in
power due lo improved cylinder charge.
The fuel-injection paths are shorter, with
the result that there are no flat spots when
acceleration is needed. Similar to all the
other Jlelronic systems, the KE-letronic
achieves a pronounced increased in
engine power for the same piston displa-
cemenl, butl nol at the cost of increased
fuel consumption. It allows economical
engines to be designed whichfeature high
power-output per liter, while at the same
time displaying good flexibility coupled
with excellent driveability.




8) KE-fetronic system overview
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Basic functions

Fuel supply

pump, fuel accumulator, fuelfilter, and pri-
mary-pressure regulator

The KE-Jetronic fuel system differs only
slightly from that of the familiar K-Jetronic.
Anelectricroller-cell pumpfeeds fuel from
the tank to the pressure accumulator at a
pressure of 5.4 bar, and from there
through the fuel filter to the fuel distributor
(in some cases, the pressure is even high-
er, e.g. 5.5... 6.5 bar). The primary-pres-
sure regulator maintains the supply pres-
sure in the system constant, and returns
the surplus fuel to the tank. Due to the
constant flow of fuel through the fuel-
supply system, cool fuel is always avail-
able. This prevents the formation of vapor
bubbles and ensures good hot-starting
properties.

Electric fuel pump
Theelectric fuel pump draws the fuel out of

the tank and delivers it to the fuel distribu-

lor.
The fuel pump itself is an electrically driv-
en roller-cell pump. It is self-priming, and

isfitted inacommon housing together with

the permanent-magnet electric motor (Fig.
10). The motor is cooled by the fuel which
permanently surrounds it and the pump.
The fuel pump always delivers more fuel
than the engine needs, so that there is
always sufficient pressure in the fuel sys-
tem under all conditions.

The roller-cell pump itself consists of a
hollow cylindrical chamber in which the
eccentric rotor plate rotates. The rollers
ride in grooves located around the rotor's
periphery, and the centrifugal force result-
ing from rotation forces them outwards so
that they function as seals. The pumping
action takes place when the rollers, after
having closed the inlet bore, force the
trapped fuel around in front of them until it
canescapefromthe pump throughthe out-
let bore (Fig. 11}. A non-return valve in the
pump (Fig. 10) prevents fuel from flowing
backto the tank, as well as decoupling the
fuel system from the tank.

Fuel filter

The fuel filter keeps impurities in the fuel
out of the primary-pressure regulator, the
fuel distributor, and the injection valves.
It apaperel with a medi
pore size of 4 um, which is backed up by a
fluff strainer (Fig, 12). This combination
ensures a high degree of filtration. A sup-
port plate secures the filter in its metal
housing. Filter life is dependent upon fuel
cleanliness.

The filter is installed in the fuel line
downstream of the fuel accumulator
(Fig. 9). When the filter is changed, it is
imperative that the throughflow direction
as indicated by the arrow on the housing
is complied with.

10) Electric fuel pump

1 Suction sidé, 2 Pressure limiter, 3 Roller-
cell pump, 4 Motor armature, 5 Non-return
valve, 6 Pressure side;

11) Operation of roller-cell pump
1 Suction side, 2 Rotar plate, 3 Roller,
4 Ralier race plate, 5 Pressure side.

12) Fuel filter

1 Paper filter 1 2 3
element,
2 Strainer,
| 3 Support
[ plate.

13) Fuel accumulator

a: empiy, b: full

1 Spring chamber, 2 Spring, 3 Stop,
4 Diaphragm, 5 Accumulator volume,
6 Fuel infet or outlet, 7 Connecticn fo
the atmosphere,

sure in the fuel system for a cerfain time
after the engine has been switched off.

After switch-off, the fuel accumulator
maintains the pressure in the fuel system
in order to facilitate restarting, particularly
when the engine is hot. The design of the
accumulator housing is such that it dead-
ens the sound of the fuel pump when the
engine is running. The interior of the fuel
accumulator is divided into two chambers
by means of a diaphragm. One chamber
serves as the accumulator for the fuel,
while the other represents the compensa-
tion volume and is connected lo the atmos-
phere, by means of a vent fitting, either
directly or through the fuel-tank ventilation
system. During operation, the accumulator
chamber is filled with fuel and the dia-
phragmis caused to bend backagainst the
force of the spring unlil itis halted by the
stops in the spring chamber. The dia-
phragm remains in this position, which
corresponds to the maximum accumulator
volume, as long as the engine is running,
The fuel pump starts to pump as soon as
the ignition/start switchisturned, and con-
tinues to run when the engine starts. A

safety circuit prevents pumping when the
ignitionis onand the engine stationary. For
example after an accident. The pump is
mounted in the immediate vicinity of the
fuel tank and is maintenance-free.

Primary-pressure regulator

The primary-pressure regulator maintains
the supply p r nstant.

In contrast to the K-Jetronic, in which a
warm-up regulator regulates the control
pressure, the hydraulic counterpressure
acting upon the control plungerin the KE-
Jetronic (see Page 11), is identical to the
primary pressure. The control pressure
must be held constant, even when fuel
delivery from the supply pump, and inject
ed fuel quantity, vary considerably. This is
due to the fact that any variation of the con-
trol pressure has a direct effect upon the
air-fuel ratio.

Fig. 14 shows a section through the pres-
sure regulator. The fuel enters on the left,
and on the right is the return fuel connec-
tion from the fuel distributor. The return
line to the tank is connected at the top.
When the fuel pump starts, it generates
pressure and this forces the control dia-
phragm of the pressure accumulator



14) Primary-pressure regulator,

I Return from tha fuel distributor

2 To tank

3 Adjusiment scrow

4 Counterspring

5 Soal

6 Inlat

7 Valve plate

8 Eraphragm

8 Control spring
10 Valve body

-

| 15) Pressure curve after engine switch-off. |
Firat ol all, the predsure drops from the normal
primary pregsure (1) to the closing pressure
of the prossure regulator (2). It then climbs
again, due to the elfect of the fuel accumula-
tar, to the value (3) which s siill below the
injechan valve opaning pressure (4),

Prossura o

ms

Time ¢

downward, The pressure of the coun-
terspring forces the valve body to follow
the diaphragm until, after a very short dis-
tance, it comes up against a stop and the
pressura-control function starts. The fuel
returning from the fuel distributor, com-
prising the fuel flowing through the pres-
sure actuator plus the control-plunger
leakage, can now flow back through the
open valve seat to the tank together with
the excess fuel. When the engine is
switched off, the fuel pump also stops and
the system pressure drops. As aresult, the
valve plate moves back up again and sub-
sequently pushes the valve body upward
against the force of the counterspring until
the seal closes the return to the tank. The
pressure in the system then sinks rapidly
to below the injection-valve opening pres-
sure with the result that the valves then
close. The sysiem pressure then in-
creases again to the value determined by
the fuel accumulator.

Fuel-injection valves
Theinjection valves open at a certain pres-
sure and inject fuel into the intake poris.

the valve needle.

16) Spray patterns from

& KE-Jetronie fuel-infection valve, with
air=shrouding (befow) and without (above).
The air hos a permanent effect and afomizes
the fuel aven betler (below),

The injection valves inject the fuel allocat-
ed by the fuel distnbutor into the intake
ports directly in front of the cylinder intake
valves. The injection valves are secured in
a special holder in order to insulate them
from the engine heat. This insulation pre-
vents vapor bubbles forming in the fuel-
injection lines which would lead to poor
starting behaviour when the engine is hot.
The injection valves have no metering
function, They open of their own accord
when the opening pressure of, for in-
stance, 3.5 bar is exceeded. They are fitted
with a valve needle which vibrates (“chat-
ters”) audibly at high frequency when fuel
is being injected. This resulls in excellent
fuel alomization, even with the smallest of
injected quantities. When the engine is

17} Fuel-injeciion valve
a: Closed

b Open

1 Valve housing
2 Filter

3 Valve neadle
4 Valve soal

|

| 18) Air-shrouded fuel-injection vaive.
! Fugln'-a.rr;nci-mr valve, 2 Aw-supply line,
3 Intake manifold, & Throttle valve.
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switched off, the injection valves close
tightly as soon as the fuel-system pressure
drops below their opening pressure. This
means that no more fuel can enter the
intake ports once the engine has been
swilched off.

Air-shrouded fuel-injection valves
Air-shrouded injection valves improve the
mixture preparation particularly at idle
(Fig. 16). The air-shrouding pninciple is
based upon the fact that a partion of theair
drawn in by the engine enlers through the
fuel-injection valves (Fig. 18) with the
result that the fuel is especially well atom-
ized at the point of exit. Air shrouding is
particularly effective when combined with
the thin, continuously operating K-Jetronic
valves, and resulls in a reduction of fuel
consumption and a lower level of toxic
emissions.




Fuel metering

Basically, fuel metering takes place
through the air-flow sensor and the fuel
distributor. In a number of operating
modes however, the amounl of fuel
required deviates greatly from the "stan-
dard” quantity, and it becomes necessary
to intervene in the fuel-management sys-
tem. Such measures are dealt with in the
chapter on “Mixture adaptation”.

Air-flow sensor

The quantity of airdrawn in by the engineis
a precise measure for its operating load.
The air-flow sensor operates according fo
the suspended-body principle, and mea-
sures the amount of air drawn in by the
engine.

The intake air quantity serves as the main
actuating variable for determining the ba-
sic injection quantity. It is the appropriate
physical quantity for deriving the fuel
requirement, and changes in the induction
characteristics of the engine have no
effect upon the formation of the air-fuel
mixture, Since the air drawn in by the
engine must pass through the air-flowsen:
sor before it reaches the engine, this
means that it has been measured and the
control signal generated before it actually
enters the engine cylinders, The result is
that in addition to other measures des-
cribed below, the correct mixture adapta-
tion takes place at all limes. The air-flow
sensor is located upstream of the throttle
valve so that it measures all the air which
enters the engine cylinders. It comprises
an air funnel in which the sensor flap
(suspended body) is free to pivet. The air
flowing through the funnel deflects the
sensor plate by a given amount out of its
zero position, and this movement is trans-
mitted by a lever system to a control plun-
ger which determines the basic injection
quantity required for the basic functions.
Considerable pressure shocks can occur
in the intake system if backfiring takes
place in the intake manifold. For this

reason, the air-flow sensor is so designed
that the sensor plate can swing backinthe
opposite direction in case of misfire, and
pastits zero positionto open arelief cross-
section in the funnel. In the case of the
down-draft air-flow sensor, an extension
spring compensates for the weight of the
sensor plate and the lever mechanism. An
adjustable leaf spring is fitted to ensure
the correct zero position in the switched-
off phase,

Fuel distributor

in the air-flow sensaor, f istri

m n 1
quantity

tothe individual eng
As already mentioned, the position of the
sensor plate is ameasure of the amount of
air drawn in by the engine. The position of
the plate is transmitted to the control plun-
ger by alever. Depending upon its position
in the so-called barrel with metering slits
(see Fig. 24), the control plunger opens or

closes the slits to a greater or lesser
degree. The fuel flows through the open
section of these slits to the differential-
praasure valves and then to the fuel-injec-
tion valves. >
If sensor-plate travel is only very small, the
control plunger is only lifted slightly and,
as a result, only a small section of the slits
is opened for the passage of fuel. On the
other hand, witha larger plunger travel, the
plunger opens a larger section of the slits
and more fuel can flow. There is a linear
relationship between sensor-plate travel
and the slit section in the barrel which is
opened for fuel flow.

A hydraulic force is applied to the control
plunger, and acts in opposition to the
movement resulting from the sensor-plate
deflection. A constant air-fuel pressure
drop at the sensor plate is the result, and
this ensures that the control plunger
always follows the movement of the sen-
sor-plate lever. In some versions, a pres-
sure spring is used to assist this hydraulic

19) Updraft alr-flow sensor.
a: Sensar plate in its
zero posifion
b: Sensor plate in its
operating posifion

Air funnel

Sensor plale

Relel cross-sechon
Idle-mexture adjusting
screw

5 Main lever

& Levor

B L Ry =

7 Leal spring




force (Fig. 21). It prevents the control plun-
ger from being drawn up due to vacuum
effects when the system cools down.

Itis imperative that the primary pressure1s
accurately controlled, otherwise varia-
tions would have a direct effect upon the
air-fuel ratio (A-value). A damping throttle
(Fig. 21) serves to dampen oscillations
that could be caused by sensor-plate
forces. When the engine is switched off,
the control plunger sinks until it comes to
restagainstanaxial seal ring (Fig. 24). This
is secured by an adjustable screw and can
be set to the correct height to ensure that
the metering slits are closed correctly by
the plunger when it is in its zero position.
Whereaswiththe K-Jetronic, thezero posi-
tion of the plunger is determined by itabut-
ling againstthe sensor-platelever, withthe
KE-Jetronic the plunger rests upon the
axial seal ring due to the force applied to it
by the residual primary pressure. This
measure serves fo prevent pressure loss

due to leakage past the control plunger,.

and thus prevents the fuel accumulator
from emptying through the control-
plunger gap. The fuel accumulator must
remain full, because it has the job of
maintaining the primary pressure above
that fuel-vapor pressure 'which is appli-
cable for the particular fuel temperature
prevailing when the engineis switched off.

Differential-pressure valves

The differential-pressure valves in the fuel
distributor serve to generate a given pres-
sure drop at the metering slits.

The air-flow sensor has a linear characte-
ristic. This means that if double the guan-
tity of airisdrawnin, the sensor-plate travel
is also doubled. If this (linear) travel is to
result in a change of the basic injection
quantity in the same relationship, then a
constant pressure drop must be guaran-
teed at the metering slits independent of
the amount of fuel flowing through them
(Fig. 24). The differential-pressure valves
maintain the drop in pressure between the

21) Fuel distributor with differential-
pressure valves.
1 Fuelinlet (primary pressurel, 2 Upper
chamber of differential-pressure valve, 3 Line
to the fuel-injection valve, & Control plunger,
5 Control edge and melenng shil, 6 Valve
spring, 7 Valve diaphragm, 8 Lower chamber
of differential-pressure valve, 9 Axial seal
ring, 10 Pressure spreng, 11 Fuel from the
electrohydraulic prassure aclualor, |
12 Throtiling restriction, 13 Return line, |
|
|

2 4121105 3

4 |
B

22) Differential-
pressure valve.

a: Operating posi-
tion with small
injection quantify
& Operaling
posilion with <=
large injaction
quantity.

upper and lower chambers constant,inde-
pendent of fuel throughflow. The differ-
enceinpressureisusually 0.2 bar,and this
ensures a high degree of metering accu-
racy. The differential-pressure valves are
of the flat-seat type, and are located in the
fuel distributor. The upper and lower
chambers are separated by means of a
diaphragm (Fig. 21). The lower chambers
of all the valves are pravided with a helical
spring and are connected to one another
by means of a ring main, as well as to the
electro-hydraulic pressure actuator. The
valve seatislocated in the upperchamber,
and eachupperchamberis connectedtoa
metering slit and its corresponding fuel-
injection line. The upper chambers are
completely sealed off from each other. The
pressuredifferential atthe metering slitsis
determined by the force of the helical
spring in the lower chamber, tagether with
the effective diaphragm diameter and the
electro-hydraulic pressure actuator,

If a large basic injection quantity flows into
the upper chamber, the diaphragm bends
downwards and opens the outlet cross-
section of the valve until the set differential
pressure is reached again. If the through-
flow quantity drops, the wvalve cross-
section is reduced due to the equilibrium
of forces at the diaphragm until a pressure
differential of 0.2 bar prevails again.
This means that an equilibrium of forces
exists at the diaphragm which can be
maintained ' for ewvery basic injection
quantity by controlling the valve cross-
section. An additional fine filter with a
separator for ferromagnetic contamina-
tion is fitted in the fuel line to the electro-
hydraulic pressure actuator.

23) Principle of the air-flow sensor.

a: Small amount of air drawn in; sensor plale
anly ifted slightly. b: Large amount of air drawn
in: sensoer plate is lifted considerably further.

24) Barrel with melering slits and contral plunger.
a: Zero (inoperated position), b: part load, c: full load. 1 Fuel inlel, 2 Contral plunger, 3 Metenng
slit in the barral, 4 Contral edge, 5 Barrel, & Axial seal, 7 Throttling rasiriciion. |




Mixture adaptation

Basic mixture adaptation

The basic adaptation of the air-fuel mixture
lo_the operating_conditions of idle, part
load,_and full load, is by appropriately
shaping_the air funnel in the air-flow
sensor.

For each operating mode itis necessary to
carry oul mixture adaptation in order lo
provide the engine with the optimal air-fuel
mixture. In practice, this means that a
richer mixture is required at idle and full-
Iload, and a leaner mixture for the part-load
range. As sialed above, the basic adapia-
tion is by appropnate shaping of the air-
funnel. For instance, if the funnel is flatter
(Fig. 26c) than the basic form (which was
specified originally for a given mixture, e.g.
atA=1),thenthe mixture s leaner. If, on the
other hand, the funnel walls are steeper
(Fig. 26a, b) than in the basic form, the mix-
tureisricher because the sensor plate def-
lects further for the same air throughflow
and the control plunger meters more fuel. It
is possible to shape the air funnel so that
an air-fuel mixture corresponding to the
sensor-plate position (idle, part load, and
full load) can be metered to the engine. In
the case of the KE-Jetronic, theairfunnelis
preferably so shaped that an air-fuel mix-
ture with 4 = 1 results across the whole
operaling range.

25) Electronic conitral unit (ECU)

?ﬁ) !ﬂﬁumco;rhmmf-ﬂﬂ angle updn_

| the sensor-plate deffection for identical air

throughput,

a: The basic lunnal shape resulls in stroke *h”.
b Steep funnel walls resull in increased
siroke “h" for identical air thraughput.

a: Flatter funnel shape results in reduced
deflection “h" for identical air threughput.
=1 Annular ares opened by the sensor

plate (identical in “a”, “b% and “e=).

|
i s
c

Adaptation of the air-funnel shape.
I Far maximum power, 2 For part load,
3 For idle.

! F 1

Electronic control unit

The electronic control unit evaluates the
data delivered by the various sensors con-
cerning the engine operating conditions,
and from this data generates a control sig-
nal_for the electro-hydraulic pressure
actuator.

Sensors for the registration of
operating data

Additional criteria, above and beyond the
information coming from the intake air
quantity, are required in order todetermine
the optimal fuel quantity required by the
engine. These must be registered by sen-
sors and reported to the ECU. The sensors
are described with reference to the corre-
sponding adaptation function.

Characteristic Sensor
operaling values
Full load Throtte-valve
Idle switch
Engine speed Ignition-riggering
system {usually in
ign. distributor)
Start Ignition/start switch
Engine Engine-temperalure
lemperature Sensor
Air pressure Aneroid-box
| SensQr
Air-fuel mixture | Lambda sensor




Design and function

Depending upon the functional scope, the
electronic circuilry uses either analog
techniques or mixed analog/digital techni-
ques. Starting with the *Europe” unit, the
modules for idle-mixture control and for
Lambda closed-loop control can be add-
ed. ECU's with a more extensive range of
functions are designed using digital tech-
niques, The elecironic components are
installed on a PC-board and include IC's
(e.g. operational amplifiers, comparators,
and voltage stabilizers), transistors,
diodes, resistors, and capacitors. The PC-
boards are inserted in the ECU housing
which can be equipped with a pressure-
equalization element. The ECU isconnect-
ed to the battery, to the sensors, and to the
actualor by a 25-pole plug.

The ECU processes the incoming signals
from the different sensors, and from them
calculates the control current for the elec-
tro-hydraulic pressure actuator.

Voltage stabilization

The ECU must be powered by a stable voll-
age, which remains constant indepen-
dent of the voltage of the vehicle electrical
system, The current applied to the pres-
sure acluator, which depends upon the
incoming sensor signals carrying the data
on the engine operating conditions, is
generated from this stabilized voltage, the
stabilization of which takes place ina spe-
cial IC.

Input filters

These filter outany interference which may
be present in the incoming signals from
the sensors,

Adder

Here, the evaluated sensor signals are
combined. The electrically processed cor-
rective signals are added in an operational
circuit and then transmitted to the current
regulator.

Output stage

The output stage generates the control
signal for the pressure actuator, whereby
it is possible to inpul opposing currents
into the pressure actuator in order to
increase or decrease the pressure drop.
The magnitude of the current in the pres-
sure actuator can be adjusted at will in the
positive direction by means of a perma-
nenlly triggered transistor. The current is
reversed during “overrun” {overrun fuel
cut-off), and influences the differential
pressure at the differential-pressure
valves so that the flow of fuel to the injec-
lion valves is imterrupted.

Additional output stages

If necessary, additional output stages can
be incorporated. These can serve to trig-
ger the valves for EGR, and to control the

bypass cross-section around the throitie |

valve as required for idle-mixiure control,
to name but two applications.

27) Block diagram of the KE-Jetronic ECU,
using analog fechnigues.

The corfeching signals from the ndividual
blocks are combined in an adder stage. They
are then amplified in the output stage and
transmittell to the elactro-hydraulic pressure
actuator,

VK  Fulldoad correciion
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Electro-hydraulic
pressure actuator

Depending upon the operating conditions
of the engine, and the resulting_current
signal received from the ECU, the electro-
hydraulic_pressure actuator varies the
pressure in the lower chambers of the

differential-pressure valves, T hi;;hangg_g

the amountof fuel delivered to the injection
valves,
Design

The electro-hydraulic pressure actuator
(Fig. 30)is mounted onthe fuel distributor.
Theacluatorisadifierential-pressure con-
troller which functions according to the
nozzle/baffle plate principle, and its pres-
sure dropis controlled by the currentinput
from the ECU. Inahousing of nonmagnetic
material, an armature is suspended onfric-
tionless taut-band suspension elements,
between two double magnetic poles. The
armature is in the form of a diaphragm
plate made from resilient material.

Function
The magnetic flux of a permanent magnet
(broken lines Fig. 30), and that of an elec-
tromagnet (unbroken lines Fig. 30), are
superimposed upon each other in the
magnetic poles and their air gaps. The per-
manent magnet is actually turned through
90° referred to the focal plane.

The paths taken by the magnetic fluxes
through the two pairs of poles are symme-
trical and of equallength, and flow fromthe
poles, across the air gaps to the armature,
and then through the armature.

In the two diagonally opposed air gaps
{Fig. 30, L2,L3), the permanent-magnet
flux, and the electro-magnet flux resulting
from the incoming ECU control signal, are
added, whereas in the other two air gaps
(Fig. 30, L1,L4) the fluxes are subtracted
from each other. This means that in each
air gap the armature, which moves the
baffle plate, is subjected to a force of
attraction proportional to the square of the
magnetic flux.

Being as the permanent-magnet flux
remains constant, and is proportional to
the control current from the ECU flowing in
the electromagnet coil, the resulting tor-

‘?ue is proportional to this control current.
he basic moment of force applied to the
armature has been selected so that when
no current is apglied from the ECU, there
results a basic differential pressure which
corresponds preferablyto A = 1. This also
means that in case of control current fai-
lure, limp-home facilities are available
without any further correction measures
being necessary.

The jet of fuel which enters through the
nozzle attempts to bend the baffle plate
away agains! the prevailing mechanical
and magnetic forces. Taking a fuel
throughflow which is determined by a
fixed restriction located in series with the
pressure actuator, the difference in pres-
sure betweentheinletand outlet(Fig. 28,3
& B) is proportional to the control current
applied from the ECU. This means thatthe
variable pressure drop atthe nozzleis also
proportional ta this ECU control current,
and resulls in a variable lower-chamber

pressure; Atthe same time, the pressurein
the upper chambers changes by the same
amount. This in turn results in a change in
the difference at the metering slits be-
tween the upper-chamber pressure and
the primary pressure, and this is applied
as a means for varying the fuel quantity
delivered to the injection valves.

As a result of the small elecliromagnetic
time constants, and the small masses
which must be moved, the pressure actua-
tor reacts extremely quickly to variations in
the control current from the ECU.

If the direction of the conltrol current is
reversed, the armature pulls the baffle
plate away from tha nozzle and a pressure
drop of only a few hundredths of a bar
occurs at the pressure actuator. This can
be used for auxiliary funclions such as
overrun fuel cut-off and engine-speed limi-
tation. The latter function takes place by
interrupting the flow of fuel to the injection
valves (see Page 21).

1 Sensor plate

2 Fuel digteshitor

3 Fuel infet (primary pressure)

4 Fuel to the injection valves

5 Fuel return fo the pressure regulalor

& Fixed restriction

7 Upper chamber

8 Lower chamber 1
9 Diaphgragm

10 Pressure acluator
11 Balfle plate

12 Nozzle

13 Magnetic pole

14 Air gap

28) Eleclro-hydraulic pressure aclualor filled to the fuel disiributaor,

The control signal from the ECU influences the posifion of the baffle plate (11). This in
turn vanes the luel pressure in the upper chambers of the differential-pressure valves
and, as a resull, the quaniily of fvel defivered to the injection valves. Using this principle,
adaptation and correction funciions can be incorporated.

 J—

B —

3 4

s

12 13 14

29) Mixture-control
unit with efectra-
hydraulic pressure
actuator,



30) Section through the eleclro-hydraulic pressure sctualor.
1 Fuel inlet (primary pressure) s s
2 Nozzie
3 Ballie plate
4 Fuel outiet
5 Magnetic pole
6 Electromagnat
coif
| 7 Pormanent:

magne! fux

8 Permanent
magnet (turned
thraugh 90° from
the local plana)

9 Adjustment
screw for basic
moment of farce

10 Electro-
| magnatic flux

11 Armature (LT to

L4 = air gaps).

31) Above:

The impartance of high-precision enginecring
down o the lnes! detail is demonsivaled cleaty
by this section through the fuel-distributor, As a
resull of long years of erpenence, avary compo:
nent in the injection syslem incorporales stale:
of-the-art techniques and is backed up by most
modern manulaciuiing lechnology. Countless
checks and lests dunng production guarantee
the high standard of quality, which applies both
fo every individual compenent as wall as fo the
installation as a whole. This quality is not enly
guaranteed by the relentless pursuit of quality in
all areas fram RED through fo actuml manulac:
ture, but also by our worldwide customar-senice
organization (Photo: Oaimler-Benz AG),
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Full load

I'he engine delivers its maximum power at

Idle

In addition to the efficiency of the engine,

full load, when the air-fuel mixture musi be

the fuel consumption atidle | rmin

enriched compared to that at pari-load.

principally by the engine idle speed.

Full-load enrichment by means of the
pressure actuator

In contrast to part load, where the calibra-
tion is for minimum fuel consumption and
low emissions, atfull load itis necessaryto
enrich the air-fuel mixture. This enrich-
ment is programmed to be engine-
speed dependent. It provides maximum
possible torque over the entire engine-
speed range, and this ensures optimum
fuel-economyfiguresinthe full-load mode.
Atfullload, e.g.intheengine speedranges
between 1500 and 3000 min~', and above
4000 min~!, the KE-Jetronic enriches the
air-fuel mixture. The full-load signal is deli-
vered by a full-load switch on the throttle
valve, or by a microswitch on the accelera-
tor-pedal linkdge, The information on
engine speed is taken from the ignition.
From this data, the ECU calculates the
additional fuel quantity needed, and thisis
put into effect by the pressure actuator.

Throttle-valve switch

The throttle-valve switch communicates
the “idle” and “full load” throttle positions
lo the ECL.

The throttle-valve switch (Fig. 36) is
mounted on the throttle body and actuated
by the throttle-valve shaft. A separate con-
tact is closed for each of the throttle-valve
end positions, i.e. at idle and at full load.

36} Throttle-valve switch for
end-position signal.

Controlling the idle speed by means
of the auxiliary air device

The higher frictional resistances in the
cold engine must be overcome by increas-
ing the air-fual mixture input. In order to
achieve smoother running atidle, the idle-
speed control increases the idle speed.
This also leads to amore rapid warm-up of
the engine. Depending upon engine tem-
perature, an electrically heated auxiliary-
air device in the form of a bypass around
the throttie plate allows the engine to draw
in more air. This auxiliary air is also mea-
sured by the air-flow sensor, and leads to
the KE-Jetronic providing the engine with
more fuel. Precise adaptation is by means
of the electrical heating facility. The engine
temperature then determines how much

auxiliary air is fed in initially through the
bypass, and the electrical heating is mainly
responsible for subsequently reducing
the auxiliary air as a function of time.

The auxiliary-air device incorporates a per-
forated plate (Figs. 38, 39, 42) which is
actuated by the bimetallic strip and which
controls the cross section of the bypass
passage. Initially, the bypass cross sec-
tion opened by the perforated plate is
determined by the engine temperature, so
that during a cold start the bypass open-
ing is adequate for the auxiliary air
required. The opening closes steadily
along with increasing engine temperature
until finally it is closed completely. The
bimetal strip is electrically heated and this
limits the opening time, starting from the
initial setting which is dependent upon
engine ftemperature. The auxiliary-air
device is fitted in the best possible posi-
tion on the engine for it to assume engine
temperature. It does not function when the
engine is warm.

37) Control circuit for the closed-loop
idle-speed control.
In contrast o the apen-loop
ielle-spoed contral, tho elosed-
loop control measures the
acival engine speed. This
hgurais then compared with
the set value and, in case of
devialion, the rolating shide in
the idle-speed rotary actualtor is
adjusted accordingly.
1 Controlled system: engine,
2 Controlled vaniable:
engine speed (n),
3 Controller; control unit
{delivers the
control voltage U.),
| # Final contrafling efement;
idle speed ratary acluator,
| & Manipulated variable: bypass
cross-section (intake-air
quantity Va)
| 6 Auxiliary actualing variable:
engine femperature (tu),
T Auxiliary actuating variable:
throttle-valve end position (o = 0.

| 38) Electrically heated auxifiary-air device
{section). 1 Plate opening, 2 Air passage,
| 3Perforated plate, 4 Pivot, 5 Elecirical heating.

39) Electrically heated auxiliary-air device.
1 Eiectrical connection, 2 Electrical healing,
3 Bimatal strip; 4 Parforated plate.




Tdle S5peed Stabilizel

Idle-mixture control by means of the
rotary idle actuator

The idle-mixture control stabilizes the idle
speed, and thus reduces fuel consump-
tion al idle, particularly in town traffic.

Excessive idle speed increases the fuel
consumption at idle and, as a resull, the
vehicle's overall fuel consumption. This
problem is addressed by the idle-mixture
control, which always provides exactly the
rightamount of mixture in orderto maintain
the idle speed, no matter what the engine
load (e.g. cold engine with increased fric-
tional resistance). Furthermore, the emis-
sion figures remain constant in the long
term without having to adjust the idle
speed. To a certain extent, the idle-mixture
control also compensates for changes in
the engine which are attributableto ageing.
It also stabilizes the idle speed through-
out the entire service life of the engine.

Depending upon the signal applied to it,
the rotary idle actuator opens or closes the

40) Rotary idle actuator (single-winding
rotary acltualor),

1 Electrical connection, 2 Housing, 3 Return
spring, 4 Winding, § Rotating armature, 6 Air
passage as bypass around the throtile plate,
T Adjustable stop, B Rotating slide.

bypass passage around the throttle valve.
Due to the fact that the KE-Jetronic regis-
ters the resulting extra air with its sensor
plate, the injected fuel quantity changes
accordingly. In contrast to other idle-
speed controls onthe market, this idle-mix-
ture device controls the idle speed effi-
ciently duetoitactually carrying outacom-
parison between desired and actual

‘values and, in case of deviation, correcting

accordingly.

Rotary idle actuator

Depending upon the deviation of the idle
speed from the set value, the rotary idle
actuator supplies the engine with more or
lessintake airthroughabypassaroundthe
throttle valve. It takes over the function of
the auxiliary-air device which is no longer

neaded.

The rotary idle actuator of the KE-Jetronic
(Figs. 40, 41) receives its control signal
from the ECU. This controlsignaldepends
upon engine speed and temperature, and
causes the rotating plate in the idle actua-
tor to change the bypass opening.

The rotary idle actuator is powered by a
rotary-magnet drive comprising a winding
and a magnetic circuit. lts rotational range
is limited to 60° The rotating slide is
attached to the armature shaft and opens
the bypass passage far enough for the

41) Rotary idle actuator
(single-winding rotary actuatar).

specified idle speed to be maintained
independent of engine loading. The clos-
ed-loop control circuit in the ECU, which
is provided by the engine-speed sensor
with the necessary information concern-
ing engine speed, compares this with the
programmed specified idle speed and
adjusts the airthroughflow by means of the
idle actuator until the actual idle speed
coincides withthe setidle speed. With the
engine warm and unloaded, the bypass
opening is very near to its lower limit.

Further inputs from the ECU, such astem-
perature and throtlle-valve position,
ensure that errors do not occur at low tem-
peratures or due to accelerator-pedal
movements. The ECU transforms the en-
gine-speed signal into a voltage signal
which it compares with'a voltage corre-
sponding to the set value. The ECU gene-
rates a control signal from the difference
voltage, and inputs this to the rotary idle
actuator. A pulsating DC is applied to the
winding of the coil and causes a torque at
the rotating armature which acts against
the return spring. The resulting bypass
opening depends on the strength of the
current. In the absence of current (vehicle
malfunction), the return spring forces the
rotating slide against an adjustable stop
and provides an emergency opening. At
the maximum on/off ratio of the applied
pulsating DC, the bypass is fully opened.

42) Auxifiary-air valve (top) and temperature
sensor for idle-spead control




Supplementary functions

Overrun (deceleration)

Overrun fuel cut-off is the complete inter-
ruplion of the supply of fuel to the engine
during_deceleration. This results in a
reduction of fuel consumption in town
traffic as well.

Cutting off the fuel during deceleration
reduces fuel consumption not merely on
long downhill runs and during braking, but
also in town traffic. Because no fuel is
burned, there are no emissions,

When the driver takes his foot off the acce-
lerator pedal while driving, the throttle
valve returns to the zero position. The
throttle-valve swilch reports the “throttle-
valve closed"” condition to the ECU, which
atthe same time receives from the ignition
the data concerning the engine speed. If
the actual engine speed is within the ope-
rating range of the overrun cut-off (that is,
above idle), the ECU reverses the current
in the electro-hydraulic pressure actuator.
The pressure drop at the actuator is then
practically zero. This means that inthe

fuel distributor, the differential-pressure
valves are closed by the springs in their
lower chambers (Fig. 44) and interrupt the
flow of fuel to the injeclion valves. i
Being as the injection valves injectcontin- | 44) Fuel distributor
uously, the overrun fuel cut-off operates
perfectly smoothly. Ilts response is also |
dependent upon the coolant temperature
(Fig. 46), and in order to avoid continuous
switching in and out at a given engine
speed, adifferent switching pointis speci-
fied depending upon whether the engine
speed is decreasing or increasing. The
swilching thresholds are chosen to be as
low as possible for the warm engine in
order that maximum fuel savings are
achieved. On the other hand, with a cold
engine the thresholds are somewhat high-
ar so that the engine does not stop when
the clutch pedal is suddenly pressed.

Text to Fig. 43)

When the driver takas his foot off the accelerator
pedal, the overrun fuel cul-off responds and
staps the Now of fuel to the infection valves, |

Text to Fig. 44)

Fuel cut-off effective during overrun: Whan the
current is reversed through the winding (11) fn
the pressure actuator, the baffle plate (12) is
pulled away from the nozzle (10). This causes
the lower-chamber pressure fo rise aimost (o the
level of the pnimary pressure, and the springs in .
the lower chambers close the inlels (3 and 5) o |
the injection valves with the diaphragm (8), ‘. 3 0

1 Fuel distributor, 2 Fuel infet, 4 to the cold-start |
valve, 6 to the primary-pressure regulator,

7 Upper chamber, 9 Lower chamber. |




S—
| 45)

46) The lowes! engine speed for the
overrun fuel cut-off facility depends
upon coolant temperature.,

Engine spiod

| o) Bt R W W (IET i
| -30-10010 30 50 70 80 MO°C
Coolant temperatisre

min L
== Switch-in threshold
3800 for averrin fuel cut-off
34003‘—\ T Switch+n throshold
N for the fuel injection

Engine-speed
limiting

When a preset engine speed is reached,
the ECU suppresses the fuel-injecti

Conventional mechanical engine-speed
limiters haveadistributor rotorarranged to
short-circuit the ignition when the maxi-
mum permissible engine speed is
reached. Today, for reasons of exhaust-
gas emissions and fuel economy, this
method is no longer entirely satisfactory.
An obvious method is to apply electronics
to engine-speed limiting by switching off
the fuel injection. When the current
through the electro-hydraulic actuator is

47) Limiting the maximum engine speed n,
by stopping the flow of fuel to the injection

valves.
min"|
6000
3 asoo-
| & s000r
w
1500+
| 0

Fuel injection
switched off

r d, the baffle plate is pulled away
from the nozzle (Fig. 44), the pressure
drop approaches zero and the dia-
phragmsin the differentialpressurevalves
stop the flow of fuel to the injection valves.
The same process takes place as with
the overrun fuel cut-off facility (refer to
Page 20).

In the ECU, the actual engine speed is
compared with the programmed maximum
speed .. If the maximum speed is exceed-
ed, the ECU suppresses the injection
pulses. This function operates within a
bandwidth of 80 min~—! above and below
the permissible maximum speed (Fig. 47).
This electronic engine-speed limiting
facility prevents the engine from “overrev-
ving”, but without the adverse effects
inherent in the mechanical men-

Adaptation of the air-fuel
mixture at high altitudes

The low density of the air at high altitudes
necessitates a leaner air-fuel mixture.

At high altitudes, due to the lower air den-
sity, the volumetric flow measured by the
air-flow sensor corresponds to a lower air-
mass flow. Depending upon the facilities
incorporated in the particular KE-Jetronic,
this error can be compensated for by cor-
recting the injection time. Owver-enrich-
ment is avoided and, therefore, exces-
sive fuel consumption at high altitudes.

The altitude compensation is provided by
asensorwhichmeasures tﬁe?i&rg_ss_u&
In accordance with the prevailing air pres-
sure, the sensor inpuls a signal to the ECU
which chan?es the pressure-actuator cur:
rent accordingly. This alters the lower-
'm?é?;'sglm‘ andtherefore the pres-
sure difference at the melering slits, and
this results in a change in the injected fuel
quantity. -
It is also possible to incorporate continu-
ous adaptation of the injected fuel quantity
aceording to the changing air pressure.

Text lo Fig. 45

At cansiderable heights above sea level, thare is
a significant difference between the measured
air quanhly and its actval mass. This is due toair
density decreasing at high altitudes. A baro-
metric altitude sensar measures the air prossure
and reports this to the ECU which adjusts the

4
tioned above.

the electrohy

yected fuel quantity accordingly by means of




Clean emissions

Fuel combustion in the engine working
cylinder is more or less incomplete. The
less complete the combustion, the higher
is the emission of toxic substances in the
exhaust gas. Perfect, or total, combustion
of the fuel is impossible even when sur-
plus air is available in plenty. In order to
reduce the load on the environment, it is
imperative that engine exhaust-gas emis-
sions are reduced drastically.

All measures taken to reduce the toxic
emissions in compliance with a variety of
legal requirements, aim at achieving as
clean an exhaust gas as possible, while at
the same time featuring optimum fuel-eco-
nomy figures, excellent driveability, high
mileage figures, and lowinstallation costs.
In addition to a large percentage of harm-
less substances, the exhaust gas of a
spark-ignition engine contains compo-
nents which are harmful to the environ-
ment when they occur in high concentra-
tions. About 1% of the exhaust gasis harm-
ful, and consists of carbon monoxide (CO),
oxides of nitrogen (NO,), and hydrocar-
bons (HC). The major problem in this
respect is the fact that although these
three toxic substances are dependent
upon theair-fuel ratio, when the concentra-
tion of CO and HC increases the concen-
tration of NO, decreases, and vice versa.

Catalytic aftertreatment

The toxic emissions of the spark-ignition
engine ¢an be considerably reduced by

the use of catalytic aftertreatment,

The exhaust-gas emission level of an
engine can be influenced at three different
points. The first possibility of influencing
the emissions is during the mixture-forma-
tion stage before the engine. The second
possibility is the use of special design
measures on the engine itself (for in-
stance, optimized combustion-chamber
shape). The third possibility is aftertreat-
ment of the exhaust gases on the exhaust
side of the engine, whereby the task is to
complete the combustion of the fuel. This
is carried oul by means of a catalytic
converter (Fig. 48) which has two notable
characteristics.

® The catalytic converter promotes the
afterburning of CO and HC to harmless
carbon dioxide (CO;) and water (H.0).

® At the same time, the catalytic converter
reduces the nitrogen of oxide (NO,) to
nitrogen (N).

Itis therefore perfectly clear that the cata-
Iytic aftertr t of the ext gas is
considerably more effective than for in-
stance the purely thermal afterburning of
the exhaust gases in a thermal reactor.

Using a catalytic converter, morethan 90%
of the toxic substances can be converted

The three-way calalytic converter has
come into widespread use. The converter
shell contains a ceramic “*honeycomb”
which is coated with a noble metal, pre-
ferably platinum. When the exhaust gas
flows through this honeycomb, the plati-
num accelerates the chemical conversion
of the toxic substances. Only lead-free
gasoline may be used with such conver-
ters because the lead otherwise destroys
the catalytic property of the noble-metal
catalyst. At present, lead-free gascline is
only availablein Japan and inthe USA, and
to a limited extent in the Federal Republic
of Germany. For this reason, catalytic con-
verters can only be used in these coun-
tries.

The prerequisite for catalytic conversionis
that the engine burns an optimum air-fuel
mixture. This optimum, or stoichiometric,
mixture (see Page4)isarrived atwhen pre-
cisely thatamount of fuel isinjected for the
inducted air quantity in order to ensure
that, theoretically, perfect combustioncan
take place. Such an air-fuel mixture is
characterized by the excess-air factor
4 = 1.00. With this excess-air factor, the
catalytic converter operates with high effi-
ciency.

This means therefore, that the actual diffi-
culty encountered when using “catalytic
aftertreatment” lies in maintaining 4 at
precisely 1.00 for all operating modes,
because even a deviation of only 1% has
considerable adverse effects on the after-
treatment. But the best open-loop control
isincapable of holding the air-fuel mixture
within such close tolerances, and the only
solution is to apply an extremely accurate
closed-loop control te the air-fuel mixture-
management system. The reason is that
although an open-loop mixture control cal-
culates and meters the required fuel quan-
tity, it does not monitor the results. One
speaks of an open control loop. The clo-
sed-loop control of the mixture on the other
hand measures the composition of the
exhaustgas and uses the results to correct
the calculated fuel quantity. This is
referred to as a closed control loop. The
Lambda oxygen sensor facility incorporat-
edinthe KE-Jetronic system converts what
would otherwise be an open-loop control
into a closed-loop control. This form of
control is particularly effective on fuel-
injection engines because they do not
have the additional delay times caused by
the long intake paths found on carburetor
engines.

48) Catalytic converfer.
When exhaust gases flow through the catalytic
(- , the plati ly the chemii
decomposition of the toxic substances.
1 Ceramic ial coated with Iytically
active material (platinum), 2 Steel wool for

i Ci shell.

49) Effectiveness of the caltalytic aftertreat-
ment of exhaust gas using the Lambda
closed-loop control,
Range for optimum air-fuel mixture: & = 0.99
. 1.00. Toxic content: a = without aftertreat-
ment, b = with aft HC hy by
CO carbon monoxide, NO, oxides of nitrogen.
The diagram below demonstrates the consi-
derable pxtent to which exhaust-gas emis-
sions can be reduced by the application of
catalytic aftertreatment and by the air-fuel
| mixture. The absolute necessily for a high |
degree of control accuracy is shown by the |
P i in carbon il
| (COJ just below the & = 1.00 point, as well as
by the sudden jump in the oxides of nitrogen
(NO,) content just above the 4 = 1.00 point.
Both CO and NO, f’&g’é’f‘&ﬁ“b"a"““
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Lambda closed-loop
control

Thelambda sensorinputs a voltage signal
to the ECU which represents the instanta-
neous composition of the air-fuel mixture.
The Lambda sensor is installed in the
engine exhaust manifold at a point which
maintains the necessary temperature for
the correct functioning of the sensor over
the complete operating range of the
engine.

Operation

The sensor protrudes into the exhaust-gas
stream and is designed so that the outer
electrode is surrounded by exhaust gas,
and the inner electrode is connected to the
atmospheric air.

| 50) Voltage signal from the Lambda
sensor.

my 1

| 800 -

00— |
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Excess-air factor &

51) Positioning of the Lambda sensor
in a dual exhaust system.

Basically, the sensor is constructed from
an element of special ceramic, the surface
of which is coated with microporous
platinum elecirodes. The operation of the
sensor is based upon the fact that ceramic
material is porous and permits diffusion
of the oxygen present in the air (solid
electrolyte). At higher temperatures, it
becomes conductive, and if the oxygen
concentration on one side of the electrode
iz different to that on the other, then a
voltage is generated between the elec-
trodes. In the area of stoichiometric air-
fuel mixture (A = 1.00), a jump takes place
in the sensor voltage output curve. This
voltage represents the measured signal
{Fig. 50).

Construction

The ceramic sensor body is held in a
threaded mounting and provided with a
prolective tube and electrical connec-
tions. The surface of the sensor ceramic
body has a microporous platinum layer
which on the one side decisively in-
fluences the sensor characteristic while
on the other serving as an electrical
contact. A highly adhesive and highly
porous ceramic coating has been applied
over the platinum layer at the end of the
ceramic body that is exposed to the
exhaustgas. This protective layer prevents
the solid particles in the exhaust gas from
eroding the platinum layer.

A protective metal sleeve is fitted over the
sensor on the electrical connection end
and crimped to the sensor housing. This
sleeve is provided with a bore to ensure
pressure compensation in the sensor in-
terior, and also serves as the support for
the disc spring. The connection lead is
crimped to the contact element and is led
through an insulating sleeve to the outside
of the sensor. In order to keep combustion
deposits in the exhaust gas away from the
ceramic body, the end of the exhaust sen-
sor which protrudes into the exhaust-gas
flow is protected by a special tube having

slots so designed that the exhaust gasand
the solid particles entrained in it do not
come into direct contact with the ceramic
bady.

Lambda closed-loop control

By means of the Lambda closed-loop con-
trol,_the air-fuel ratio can be maintained
very accurately at & = 1.00

Using the closed-loop control circuit
formed with the aid of the Lambda sensaor,
deviations from a specified air-fuel ratio
can be detected and corrected. This con-
trol principle is based upon the measure-
ment of the exhaust-gas oxygen by the
Lambda sensor. The exhaust-gas oxygen
is a measure for the composition of the air-
fuel mixture supplied to the engine. The
Lambda sensor acis as a probe in the
exhaust pipe and delivers the information
asto whetherthe mixtureis richer orleaner
than 4 = 1.00.

In case of a deviation from this & = 1.00
figure, the voltage of the sensor output sig-
nal changes abruptly. This pronounced
change is evaluated by the ECU which is
provided with aclosed-loop control circuit
for this purpose. This influences the cor-
rection of the injected-fuel quantity which
has been worked out electronically by the
KE-Jetronic. Using this concept, it is pos-
sible to control the fuel metering so accu-
rately that the air-fuel ratiois optimum in all
operating ranges independent of load and
engine speed, Tolerances and the effects
of engine ageing are of no importance. If,
for instance, 4 = 1.03 (slightly lean mix-
ture), the Lambda control circuit compen-
sates for this excess air by increasing the
amount of fuel injected.

The process is reversed if the mixture is
slightly rich(e.g. 2 = 0.97). Thiscontinuing
adjustment of the mixture to the 4 = 1.00
figure is the prerequisite for ensuring that
the upstream catalytic converter can carry
out the aftertreatment of the exhaust gas
with maximum efficiency.

52} Funclion of the Lambda sensor.

1 Sensor ceramic, 2 Electrodes, 3 Contacts,
4 Electrical contacting to the housing,

5 Exhaus! pipe, & Protective ceramic layer
(porous)

Exhaust gas

| 53) Lambda sensor.

8 Housing (-}, 9 Electrode (=), 10 Elecirode (+)

1 Contact elemeant, 2 Protective ceramic element,
fexhaust side), 5 Electical connection, 6 Dise sprng, T Protective sleeve (almaspheric side),

3 Bensor ceramic, 4 Protective lube




Electrical circuitry

The control relay switches the electric fuel
pump, the auxiliary-air device, the cold-
start valve. and the thermo-time switch.

During cranking, the ignition and starting
switch applies voltage to the control relay
{Fig. 55) which swilches on as soon as the
engine furns, Here, the engine speed
reached by the engine when it is cranked

by the starter suffices for the relay to be
switched on. Engine start is signalled by
the pulses from Terminal 1 of the ignition
coil which are evaluated by the electronic
circuitry in the control relay. Upon receipt
of the first pulse, the control relay switches
on and applies voltage to the electric fuel
pump and the auxiliary-air device, If the
pulses from the ignition coil are interrupt-

ed (for instance due to an accident) the
control relay switches off about 1 second
after the last pulse is received. This safety
circuit thus prevents the fuel pump from
continuing to deliver fuel when the engine
is stationary and the ignition is switched
on.

54) Circuitry with the engine stationary (without ECU).

56) Engine running.

i lgnition and starting switch, 2 Cold-starnt vaive, 3§ Thermo-time
swilch, 4 Cantral relay, 5 Electric fvel pump, 6 ﬂunhur,r-nu davice

Ignition switched an, engine runming,
The conirol refay, electre lued pump, and aurilian-air device ae
swriched on.

85) Circwitry during cranking (engine cold).

The cold-start valve and the thermo-dime swiltch are switchod on,
The engine turns (pulses from terninal 1 of the ignitian coil),
The confrol reday, electic feel pump, and auxiliary-air dovico e
switched on,

57} Ignition swilched on, enging stolionary.

No pulses coming from ignition coil teeminal T,

The conirol relay, elactic fuel pump, and auxiling-at device ara
swilched off.
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