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K-Jetronic

Since their introduction, the Jetronic fuel-
Injection systems have proved them-
selves millions of times over under the
harsh conditions of everyday driving.
This success is a result of the advan-
tages which fuel injection can offer
when considering today’s demands for
economy, performance, and cleaner
exhausts. The K-Jetronic is a mechanical
system in which the fuel is continously
metered in accordance with the amount
of air drawn in by the engine. Using the
Lambda sensor together with additional
equipment for the Lambda closed-loop
control facility, the K-Jetronic can already
comply today with the exhaust-gas regu-
lations of tomorrow. The construction
and principle of operation of the K-
Jetronic is dealt with in this Technical
Instruction manual.
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Fuel and Air Requirements

The Engine’s
Fuel
Requirements

A spark-ignition engine needs a parti-
cular air-fuel ratio in order to operate.
The ideal air-fuel ratio is 14.7:1. Certain
operating conditions make it necessary
to comrect the mixture accordingly.

The air-fuel ratio

Essentially, the power, the fuel con-
sumption and the exhaust-gas composi-
tion of a spark-ignition engine depend
upon the air-fuel ratio. Perfect ignition
and perfect cumbustion only take place
within particular air-fuel ratios. In the
case of gasoline (petrol), the ideal air-
fuel ratio is about 15:1. In other words,
15 kg of air are required for complete
combustion of 1kg of gasoline (stoichio-
metric ratio). Deviations from this ratio
affect engine operation.

The amount of fuel to be injected de-
pends upon load, engine speed and the
particular exhaust-gas regulations in
force at the time. Depending upon the
mode of operation, i.e. idle, part load or
full load, a different air-fuel ratio is opti-
mal in each case. Of decisive impor-
tance is the strict adherence to the par-
ticular most favorable air-fuel ratio at
any one time.

The excess-air factor

The excess-air factor is identified by the
symbol A (Lambda).

amount of air supplied
* theoretical air requirement

A= 1

This means that the amount of air sup-
plied to the engine corresponds to the
theoretical amount of air required (stoi-
chiometric air-fuel ratio).

A<
This means air deficiency, or a rich mix-
ture, and increased power.

A=
This means air excess, or lean mixture,
lower fuel consumption, less power.

A>1.3

This means that the mixture will no lon-
gerignite, the lean misfire limit (LML) has
been exceaded,
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The illustrations demonstrate the man-
ner in which power, specific fuel-con-
sumption and exhaust-gas composition
are all affected by the excess-air factor.
It can be seen that there is no single ideal
axcess-air factor at which all these fac-
tors are at an optimum value. In practice,
excess-air factors of 4 = 0.9...1.1 have
proved to be the most appropriate. If,
however, the excess-air factor is to be
maintained within stnct limits, the

amount of air sucked in by the engine
must be precisely measured and a fine-
ly-dosed amount of fuel precisely mete-
red to the engine.



Fuel-management
systems

Fuel-management systems, whether
of the carburetor or injection types,
have the task of preparing an optimum
air-fuel mixture. Fuel management by
means of manifoldiinjection permits the
optimum adaptation of the air-fuel
mixture to every operating phase of the
engine. It also ensures a lower level of
pollutants in the exhaust gas.

In spark-ignition systems, fuel manage-
ment is by means of either a carburetor
or a fuelHnjection system. Although, up
to now, the carburetor has been the
most commonly used method, there has
been a distinct trend in the last couple of
years towards manifold fuel injection.

This trend came about due to the
advantages offered by fuel injection as
regards the demands for fuel economy,
high performance and, last but not least,
a lower level of pollutants in the exhaust
gas.

These advantages are based on the
fact that manifold fuel injection permits
extremely precise metering of the fuel
depending upon the operating condi-
tions of the engine and its load, and
taking environmental effects into
account. With manifold fuel injection,
the correct air-fuel ratio is maintained so
pracisaly that the pollutant level in the
exhaust gas Is considerably lower. Since
with this system, the carburetor i no
longer required, the intake paths can be
optimally designed and laid out. This
results in better cylinder charge whichin
turn leads to a more favorable torque
characteristic.

Fuel-management systems

What types of mixture
formation are available
using fuel injection?

There are both mechanically and elec-
tronically controlled systems available.
The K-Jetronic is a mechanical fuel-
injection system which injects contin-
uously and which needs no form of drive
whatsoever.

Electronically controlled
systems

The fuel is supplied by an electrically
driven fuel pump which develops the
pressure necessary for injection. The
fuel is injected by solenoid-operated
fuel-injection valves into the cylinder
intake ports. The injection valves are
controlled by an electronic control unit
(ECL) and the amount of fuel injected
depends upon the length of time that
they stay open. By means of sensors,
the ECU is provided with information
about the operating conditions of the
engine and about the ambient condi-
tions around the vehicle. The basis for
assessing the amount of fuel to be
injected is the amount of air drawn in by
the engine. The L-Jetronic is an electro-
nically controlled fuel-injection system.
In the case of the L-Jetronic, the armount
of air drawn in by the engine is directly
measured by an airflow sensor.
Electronically controlled fuel-injection
gystems are dealt with in detail in the
Publication “Electronically Controlled
Fuel Injection” in the Bosch Technical
Instruction series.

Mechanical systems

With mechanical fuel-injection systems,
one differentiates between those which
require a drive from the engine and
those which do not.

The engine-driven systems comprise
a fuel-injection pump with an integrated
governor. Their principle of operation is
the same as that of the fuelHinjection
systems for Diesel engines.

The other variation of the mechanical
system is one which needs no drive and
which injects continuosly. This system,
the K-Jetronic, is described in the
following.



The K-Jetronic

The K-Jetronic

The K-letronic is & mechanical fuel-
injection system from Bosch.

It is divided into three main functional
dredas,;
@ Air-flow measurement
@ Fuel supply
® Fuel induction

Air-flow measurement

The amount of air sucked in by the en-
gine is controlled by a throttle valve and
measured by an air-flow sensor.

Fuel supply
An electrically driven fuel pump delivers

the fuel to the fuel distributor via a fuel
accumulator and a filter. The fuel distri-
butor allocates this fuel to the injection
valves in the cylinder intake tubes.

Fuel induction
The amount of air, corresponding to the
position of the throttle plate, sucked in
by the engine serves as the criterium for
the metering of the fuel to the individual
cylinders. The amount of air sucked in by
the engine is measured by the air-flow
sensorwhich, in turn, controls the fuel di-
stributor.

The air-flow sensor and the fuel distri-
butor are assemblies which form part of

Air Fuel
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Air filter Fuel filter
Y Y
Air-flow Mixture —p Fuel
sensor control unit distributor
i
Throttle Injection
valve Mixture valves
= Intake tubes [ S———|
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Combustion
chamber

the mixture control unit. Injection takes
place continuously, that is, without re-
gard to the position of the intake valve.
During the intake-valve closed phase,
the fuel is "stored” in the intake tubes.
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Fuel supply

Outline of system

The fuel is drawn out of the fuel thank by
an electrically driven fuel pump. ltis then
forced, under pressure, through a press-
ure accumulator and a fine filter to the
fuel distributor which is located in the
mixture control unit. The pressure is held
constant by a pressure regulator in the
mixture control unit from where it flows
to the fuel-injection valves.

The injection valves inject fuel con-
tinuously into the intake ports of the
engine cylinders. The designation K-
Jetronic stems from his fact ("K" stands
for the German word for “continuous”).
When the intake valves open, the air-
fuel mixture is drawn into the cylinders.

The individual subassemblies of the
fuel-supply system are described in the
following.

Electric fuel pump

The electric fuel pump is a roller-cell
pump the electric motor of which is per-
manently surrounded by fuel.

The fuel pump is driven by a permanent-
magnet electric motor.

The rotor disc which is eccentrically
mounted in the pump housing is fitted
with metal rollers in notches around its
circumference which are pressed
against the thrust ring of the pump hous-
ing by centrifugal force and act as seals.
The fuel is carried in the cavities which
form between the rollers. The fuel flows
directly around the electric motor. There
5 no danger of explosion, however,
because there is never an ignitable mix-
ture in the pump housing. The pump deli-
vers more fuel than the maximum re-
quirement of the engine so that the
pressure in the fuel system can be main-
tained under all operating conditions.

During starting, the pump runs as long
as theignition key is operated. The pump
continues to run when the angine has
started. A safety circuit is incorporated
to stop the pump running and fuel being
delivered if the ignition is switched on
but the engine has stopped turning (for
instance in the case of an accident).

Fuel Supply
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Fuel accumulator

The fuel accumulator maintains the
pressure in the fuel system for a certain
time afterthe engine has been switched
off. When the engine is running it
serves to deaden the noise of the elec-
tric fuel pump.

After the engine has been switched off,
the fuel accumulator maintains the
pressure in the fuel system in order to
facilitate re-starting, particularly when
the engine is hot. The design of the
accumulator housing is such that it
deadens the noise from 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 volume for the fuel, the
other chamber contains a spring.

During operation the accumulator
chamber is filled with fuel. This causes
the diaphragm to bend back against the
force of the spring until it is halted by the
stops in the spring chamber. The dia-
phragm remains in this position, which
corresponds to the maximum accumu-
lator volume, as long as the engine is
running.

Fuel filter

Due to the extremely close tolerances
of various components in the system, it
is necessary to fit a special fine filter for
the fuel in order to guarantee faultless
performance of the K-Jetronic.

The fuel filter retains particles of dirt
which are present in the fuel and which
would otherwise adversely affect the
functioning of the injection system,

The fuel filter contains a paper filter
element which is backed up by a strain-
er. This combination results in a high
degree of cleaning being achieved. A
supporting plate is used to hold the filter-
ing elements in place in the filter hous-
ing. It is of utmost importance that the
direction of flow indicated on the hous-
ing is complied with. The filter is fitted in
the fuel line downstream of the fuel accu-
mulator

Fig. 8
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Primary-pressure regulator

The primary-pressure regulator main-
tains the pressure in the fuel system
constant.

The pressure regulator incorporated in
the fuel-distributor housing maintains
the delivery pressure (= primary pres-
sure) at about 5 bar. Due to the fact that
the fuel pump delivers more fuel than
the engine needs, a plunger shifts in the
pressure regulator and opens a port
through which excess fuel can return to
the fuel tank.

The pressure in the fuel system and
the force exerted by the spring on the
plunger in the pressure regulator bal-
ance each other out. If for instance, the
fuel pump delivers slightly less fuel, the
plunger is shifted by the spring into the
corresponding new position andin deing
so reduces the open section of the port
through which excess fuel flows back to
the tank. This meansthat less fuelleaves
the system at this point, and as a result
the primary pressure in the system
increases to the specified value,

When the engine is switched off, the
fuel pump also stops running. The pri-
mary pressure drops to below the injec-
tion-valve opening pressure. The press-
ure regulator closes the return-flow port
and prevents further pressure reduction
in the fuel system.

Fuel-injection valve

The fuel-injection valves open at a
certain pressure and inject fuel into the
intake tubes. The fuel is atomized by
the oscillation of the valve needle.

The injection valves inject the fuel al-
located by the fuel distributorinto the in-
take ports directly in front of the intake
valves of the cylinders.

The injection valves are secured in a
special holder in order to insulate them
from engine heat. The 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 3.3 bar is
exceeded. They are fitted with a valve

Fuel Supply

needle which vibrates (“"chatters")
audibly at high frequency when fuel is
injected. This means that excellent fuel
atomization is achieved, even with the
smallest of injected quantities. When
the engine is switched off, the injection
valve closes tightly and forms a seal
when the fuel-system pressure has
dropped below the injection-valve open-
ing pressure. As a result, no more fuel
can drip into the intake ports after the
engine has been switched off.

Fig. 10
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Fuel Management

Fuel Management

Mixture control unit

The task of fuel management is to
meter, or allocate, the correct quantity
of fuel which corresponds to the
amount of air drawn in by the engine.
Fuel management carried out by the
mixture control unit. This comprises
the air-flow sensor and the fuel distrib-
utor.

Air-flow sensor

The air-flow sensor operates according
to the suspended-body principle and
measures the amount of air drawn in by
the engine.

All the air drawn in by the engine flows
through an air-flow sensor which is con-
nected upstream of the throttle plate.
The air-flow sensor is fitted with an air
funnelinwhich is located amovable sen-
sor plate (the suspended body).

The air drawn in through the air funnel
shifts the sensor plate by a certain
amount out of its zero position. The
movement of the sensor plate is trans-
mitted to a control plunger by a lever
system. This plunger determines the
quantity of fuel required.

Considerable pressure shocks can
occur in the intake system if backfiring
takes place in the intake manifold. For
this reason, the airflow sensor is so de-
signed that the sensor plate can swing
back in the opposite direction, past its
Zero position, and thus open a relief
cross-section in the funnel. A rubber buf-
fer limits the swing-back in the down-
ward direction (in the case of the updraft
air-flow sensor, the swing-back in the up-
wards direction is also limited by a rub-
ber buffer). A leaf spring ensures that the
sensor plate assumes the correct zero
position when the engine is stationary.
The sensor-plate movements are trans-
mitted to the control plunger in the fuel
distributor by means of a lever system.
The weight of the sensor plate and the
lever system are balanced by a counter-
weight.

Fig. 12
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Fuel distributor

The fuel distributor meters (allocates)
the correct amount of fuel to the indivi-
dual cylinders in accordance with the
position of the air-flow sensor plate.

As already mentioned, the position of
the sensor plate is a measure of the
amount of air drawn in by the engine.
The position of the plate is transmitted
to the control plunger by a lever. The
control plunger controls the amount of
fuel which is to be injected.

Depending upon its position in the
barrel with metering slits, 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 pressure valves and then
to the fusl-injection valves.

If sensor-plate travel is only small,
then the control plunger is only lifted
slightly and as a result only a small sec-
tion of the slot is opened for the passage
of fuel. With larger plunger travel, the
plunger opens a larger section of the
slits and more fuel can flow.

There is, therefore, a linear relation-
ship between sensor-plate travel and
the slit section in the barrel which is
opened for fuel flow.

The force applied to the control plun-
ger by the sensor plate travel is opposed
by another force which comes from the
so-called control pressure. One of the
functions of this control pressure is to
ensure that the control plunger follows
the movements of the sensor plate im-
mediately and does not, for instance,
stay in the (upper) end position when the
sensor plate moves back down again.
Further important functions of the con-
trol pressure are discussed in the chap-
ters dealing with warm-up and full-load
enrichment.

Fuel Management
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Fuel Management

Control pressure

The control pressure is tapped off from
the primary pressure through a restric-
tion bore which serves to decouple the
control-pressure circuit and the primary-
pressure circuit from one another. A
connection line joins the fuel distributor
and the warm-up regulator (control-
pressure regulator).

When starting the cold engine the
control pressure is about 0.5 bar, As the
engine warms up, the warm-up regulator
increases the control pressure to about
3.7 bar.

The control pressure acts through a
damping restriction on the control plun-
ger and thereby develops the force
which opposes the force of the air in the
air-flow sensor. In doing so, the restric-
tion dampens a possible oscillation of
the sensor plate which could result due
to pulsating air-intake flow,

The control pressure influences the
fuel distribution. If the control pressureis
low, the air drawn in by the engine can
deflect the sensor plate further. This re-
sults in the control plunger opening the
metering slits further and the engine
being allocated more fuel. On the other
hand, if the control pressure is high the
air drawn in by the engine cannot deflect
the sensor plate so far and, as a result,
the engine receives less fuel.

In order to fully seal off the control-
pressure circuit with absolute certainty
when the engine has been switched off,
and at the same time to maintain the
pressure in the fuel circuit, the return line
of the warm-up regulator is fitted with a
non-return valve, This (push-up) valve is
actually in the primary-pressure regula-
tor and is held open during operation by
the pressure-regulator plunger.

When the engine is switched off and
the plunger of the primary-pressure re-
gulator returns to its zero position, the
non-return valve is closed by a spring.
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Fuel Management

Differential-pressure valves

The differential-pressure valves in the
fuel distributor serve to hold the drop in
pressure at the metering slits constant.

The air-flow sensor has a linear charac-
teristic. This means that if double the
quantity of air is drawn in, the sensor-pla-
te travel is also doubled. If this (linear)
travel is to result in a change of delivered
fuel in the same relationship, in this case
double the travel = double the guantity,
then a constant drop in pressure must
be guaranteed at the metering slits inde-
pendent of the amount of fuel flowing
through them.

The differential-pressure valves main-
tain the drop in pressure at the metering
slits constant independent of fuel
throughflow. The difference in pressure
is 0.1 bar, this facilitates a high degree of
control accuracy.

The differential-pressure valves are of
the flat-seat type. They are fitted in the
fuel distributor and one such valve is al-
located to each metering slit. The upper
and lower chambers of the valve are
separated by a diaphragm. The lower
chambers of all the valves are connec-
ted with one another by a ring main and
are subjected to the primary pressure
(delivery pressure from fuel-supply
pump). The valve seat is located in the
upper chamber. Each upper chamber is
connected to a metering slit and its cor-
responding fuel-injection line. The upper
chambers are completely sealed off
fromm each other. The diaphragms are
spring-loaded and it is this helical spring
that produces the pressure differential.

If more fuel flows into the upper
chamber through the metering slit, the
diaphragm is bent downwards and en-
larges the valve cross-section at the out-
let line leading to the injection valve until
the differential pressure of 0.1 bar set by
the spring again prevails. If less fuel
flows, the diaphragm bends back to-
wards its original position and decreases
the valve cross-section at the outlet line
until the differential pressure of 0.1 baris
again present. This causes an equili-
brium of forces to prevail at the dia-
phragm which can be maintained for
every quantity of fuel by controlling the
valve cross-section.
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Fuel Management/Mixture Adaptation

Fig. 23
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Mixture formation

The formation of the air-fuel mixture
takes place in the intake manifold
(tubes) and cylinders of the engine.

The continually injected fuel coming
from the injection valves is “stored” in
front of the intake valves. When the in-
take valve is opened, the air drawn in by
the engine carries the waiting "cloud” of
fuel with it into the cylinder. An ignitable
air-fuel mixture is formed during the in-
duction stroke due to the swirl effect.

Mixture Adaptation
In addition to the basic functions de-
scribed up to now, the mixture has to be Fig. 24
adapted during particular operating con- Cold-start ennchment
ditions. These adaptations (corrections) 1 Mixture-control unit
are necessary in order to optimize the Iéb Rt

: % gnition/starting
power delivered, to improve the ex- S
haust-gas composition and to improve 13 Start valve

the starting behaviour and driveability. 14 Tharmo-time switch




Cold start

Depending upon the engine tempera-
ture, the start valve injects extra fuel
into the intake manifold for a limited
period during the starting process.

During cold starting, part of the fuel in
the mixture drawn in is lost due to con-
densation on the cold cylinder walls.

In order to compensate for this loss
and to facilitate starting the cold engine,
extra fuel must be injected at the instant
of start-up.

This extra fuel is injected by the start
valve into the intake manifold. The injec-
tion period of the start valve is limited by
a thermo-time switch depending upon
the engine temperature.

This process is known as cold-start
enrichment and results in a “richer” air-
fuel mixture, i.e. the excess-air factor is
temporarily less than 1.

Start valve

The start valve is of the solencid-oper-
ated type. The winding of an electro-
magnet is fitted inside the valve. In the
inoperated state, the movable armature
of the electromagnet is forced against
a seal by means of a spring and thus
closes the valve. When the electro-
magnet is energized, the armature
which as aresult has lifted from the valve
seat opens the passage for the flow of
fuel through the valve. From here, the
fuel enters a special nozzle at a tangent
and is caused to rotate. The fuel is parti-
cularly well atomized by this specially
shaped nozzle - the so-called “swirl
nozzle” = and enriches the air in the in-
take manifold, downstream of the
throttle valve, with fuel.

Thermo-time switch

The thermo-time switch limits the in-
jection period of the start valve depen-
dent upon engine temperature.

It is comprised of an electncally heated
bimetal strip which depending upon its
temperature either opens or closes an
alactric contact. The complete device is
fitted into a hollow threaded pin which In
turnis located at a position where typical
engine temperature prevails.

The thermo-time switch determines
the injection period of the start valve. In
doing so, the warming-up of the switch
due both to the engine heat and to the
surrounding temperature, as well as its
inbuilt electrical heating filament are the
determining factors. The inbuilt heating
facility is necessary in order to limit the
maximum start-valve injection period.
The mixture would otherwise become
too rich and the engine would not start
due to “flooding”. During cold start the
injection period depends mainly upon
the electrical heating facility. (Switch off

Mixture Adaptation
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at —20°C after approx. 8 seconds). On
the other hand, when the engine is al-
ready warmed-up the heat from the en-
gine has heated the thermo-time switch
to such a degree that it remains perma-
nently open. As a result, an engine which
is already at operating temperature is
not provided with extra fuel for starting.

Fig. 25
Start valve in operated
state.

Electrical connection
Fuel supphy with
strairer

Walve (glectromagnet
armatura)

Solenoid winding
Swirl nozzla

Fig. 26
Thermo-time switch
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Electrical connaction
Threadad pin
Bimetal

Heaating filament
Switching contact
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Warm-up

Warm-up enrichment is controlled by
the warm-up regulator. When the en-
gine is cold the warm-up regulator re-
duces the control pressure to a degree
dependent upon engine temperature
and thus causes the metering slits to
open further.

At the beginning of the warm-up period
which directly follows the cold start,
some of the injected fuel still condenses
on the cylinder walls and in the intake
ports. This can cause combustion miss
to occur, For this reason, the air-fuel mix-
ture must be enriched during the warm-
up phase (A <21.0). This enrichment must
be continuously reduced along with the
rise in engine temperature in order to
prevent the mixture being over-rich
when higher engine temperatures have
been reached. The warm-up regulator
(control-pressure regulator) is the com-
ponent which carries out this mixture
control for the warm-up period by chang-
ing the control pressure.

Warm-up regulator

The change of the control pressure is
effected by the warm-up regulator
which is so fitted to the engine that it ulti-
mately adopts the engine temperature.
In addition, the warm-up regulator is
electrically heated which enablesitto be
precisely matched to the engine charac-
teristic.

It comprises a spring-controlled flat
seat diaphragm-type valve and an elec-
trically heated bimetal spring.

In the cold state the bimetal spring
exerts an opposing force to that of the
valve spring and, as aresult, reduces the
effective pressure applied to the under-
side of the valve diaphragm. This means
that the valve outlet cross section is
slightly increased at this point and more
fuel is diverted out of the control-press-
ure circuit in order to achieve a low con-
trol pressure.

As soon as the engine is cranked the
bimetal spring is heated electrically and
after starting it is also heated by the en-
gine. The spring bends, and in doing so
reduces the force opposing the valve
spring which, as a result, pushes up the
diaphragm of the flat-seat valve. The
valve outlet cross section is reduced
and the pressure in the control-pressure
circuit rises.

Warm-up enrichment is completed
when the bimetal spring has lifted fully
from the valve spring. The control press-
ure is now solely controlled by the valve
spring and maintained at its normal level.
The control pressure is about 0.5 bar at
cold start and about 3.7 bar with the
engine at operating temperature.

Mixture Adaptation

4
bar

Control pressure
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Enrichment factor
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Fig. 27

Warm-up regulator
characteristics at vanous
engine tamperatures
Enrichment factor 1.0
comesponds to fusl
metaring with the engina
at operating tempara-
ture.

Fig. 28

Warm-up regulator

a with the engine ¢old
b with the enging at
oparating tempeara-
ture

Valve diaphragm
Return

Control prassure
{from the mixture-
comtrol unit)

4 Valve spring

& Bimatal spring

6 Elactrical heating
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Auxiliary-air device
In order to overcome the increased fric-

tion in the cold state and to guarantee
smooth idling, the engine receives

more air-fuel mixture during the warm-
up phase due to the action of the aux-
iliary-air device.

When the engine is cold, the frictional re-
sistances are higher than when it Is at
operating temperature. These must also
be overcome by the engine during idle.
For this reason, the engine is allowed to
draw in more air by means of the auxi-
liary-air device which by-passes the
throttle valve. Due to the fact that this
auxiliary air is measured by the air-flow
sensor and taken into account for fuel
metering, the engine is provided with
more air-fuel mixture. This results in idle
stabilization when the engine is cold,
In the auxiliary-air device a perforated
plate is pivoted by means of a bimetal
spring and changes the open cross
section of the bypass line. Depandent
upon temperature the plate assumes a
given position, so that in the case of
a cold engine a correspondingly larger
cross section of the bypass line is
opened. As the temperature increases
the open area is decreased until, finally,
it is closed completely. The bimetal is
heated electrically. This means that the
opening time can be limited according

Mixture Adaptation

to engine type. The auxiliary-air device is
so located that it is heated up by the en-
gine to the engine temperature. This en-
sures that the auxiliary-air device does
not respond when the engine is warm.

Fig. 29

Auxiliany-air davica

1 Bypass line with
pivating plate

2 Bimetal

3 Electrical heating

Flg. 30
Warme-up enrichment
1 Mixture-control unit
1b Fuel distributor
7 FuelHnjection valve
15  Auxiliary-air davice
16 Warm-up ragulator
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Load conditions

The adaptation, or correction, of the air-
fuel mixture to the operating conditions
of idle, part load and full load is carried
out by means of appropriately shaping
the air funnel in the air-flow sensor.

If the funnel had a purely conical shape
{as in Fig. 31), the result would be a mix-
ture with a constant air-fuel ratio
throughout the whole of the sensor plate
range of travel (metenng rangea).

As has already been mentioned
though, it is necessary to meter to the
engine an air-fuel mixture which is opti-
mal for particular operating conditions
such as idle, part load and full load. In
practice, this means a richer mixture at
idle and full load, and a leanar mixture in
the part-load range. This adaptation is
achieved by designing the air funnel so
that it becomes wider in stages (see Fig.
32).

If the cone shape of the funnel is flat-
ter (as in Fig. 31 "c” and 32 "2") than the
basic conea shape (which was specified
for a particular mixture, e.g. for A=1) this
results in a leaner mixture, If the funnel
walls are steeper than in the basic model
the sensor plate is lifted further for the

b c

same air throughput, more fuel is thera-
fore metered and the mixture is richer.
Hence, the funnel is so shaped that a
richer mixture is produced at idle and full
load, and a leaner mixture at part load
(full-load and idle enrichment).

-

Fig. 31

Influence of tha angle of

the funnal walls on the

deflection of the sensor
plate for the same air
throughput.

a Basic shape of the air
funinel rasulta in
sensor-plate deflac-
tion “h"

b Steep funnel walls
result In Increased
deflection “h" for the
samea air throughpt

& Flattar funnel shapa
results in reduced
deflaction “h" for the
sama air throughput

B A nnular area
opaned by the sensor
plate ramains the sama
ina, bande,

Fig. 32

Adaptation of the funinel
shape on the air-flow
SEME0r

1 For full-load

2  Far par-laad

3 Foridle



Mixture enrichment by means of
control-pressure reduction

In those cases where engines are oper-
ated with a very lean mixture in the part-
load range, an extra mixture enrichment
must be provided at full load in addition
to the mixture adaptation resulting from
the shape of the air funnel.

This extra enrichment |s carried out by
a specially designed warm-up regulator.
This regulates the control pressure de-
pending upon the manifold pressure.

In this model of the warm-up regu-
lator, two valve springs are used instead
of one. The outer of the two springs is
supported on the housing as is the case
with the normal-model warm-up regu-
lator. The inner spring though, is sup-
ported on a diaphragm which divides
the regulator into an upper and a lower
chamber, The manifold pressureis effec-
tive in the upper chamber which is con-
nected to the intake manifold, behind
the throttle valve, by means of a hose.
Depending upon the model, the lower
chamber is subjected to atmospheric
prassure either directly or by means of
a second hose leading to the air filter.

Due to the low manifold pressure in
the idle and part-load ranges, which is
also present in the upper chamber, the
diaphragm lifts to its upper stop. The
inner spring is now at maximum preten-
sion. The pretension of both springs, as
a result, determines the particular con-
trol pressure for these two ranges. When
the throttle valve is opened further at full
“lpad, the pressure in the intake manifold
increases, the diaphragm leaves the
upper stops and is pressed against the
lower stops.

The inner spring is relieved of tension
and the control pressure reduced by the
specified amount as a result. In this man-
ner, mixture enrichment is achieved.

Mixture Adaptation

Control pressura

|dle and part load

Engine load

Fig. 33
Dependence of the
control prassura on
engineg laad.

Fig. 34
Warm-up regulator with
the fullHoad diaphragm
in the idle and pari-load
position.
1 Elecirical heating
2 Bimetal spring
2 Vacuum connection
(from intaka manifald)
4 Valve diaphragm
& Return to fuel tank
& Confrol pressure
(from fual distribw-
tary
7 Valve springs
B Upper stops
8 to atmospheric
pressure
10 Diaphragm
11 Lower stops

Fig. 35

Warm-up regulator with
the fulldoad diaphragm
in the full-load position.



Acceleration response

The good acceleration response is a
result of the sensor plate “overswing”.

Acceleration

During the transition from one operating
condition to the other, changes in the
mixture ratio occur which are utilized to
improve the driveability.

If at constant engine speed the throttle
valve is suddenly opened, the amount
of air which enters the combustion
chamber, plus the amount of air which
is needed to bring the manifold pressure
up to the new lavel, flow through the air-
flow sensor. This causes the sensor plate
to briefly “overswing" past the fully
opened throttle point. This "overswing”
results in more fuel being metered to the
engine (acceleration enrichment) and
ensures good acceleration response.

Controlling the air-fuel
mixture

In order to adapt the injected fuel quanti-
ty to the ideal air-fuel ratio of L =1, the
pressure in the lower chambers of the
fuel distributor is varied. If for instance
the pressure is reduced, the differential
pressure at the metering slots climbs
accordingly with the result that the injec-
ted fuel quantity is also increased. In or-
der to be able to vary the pressure in the
lower chambers, these are decoupled (in
contrast to the conventional K-Jetronic
fuel distributor) from the primary press-
ure. Decoupling is by means of a fixed
throttle. A further throttle connects the
lower chambers with the fuel return.

This throttle is variable. If itis open, the
pressure in the lower chambers can re-
duce. If it is closed, the primary pressure
is present in the lower chambers. If this
throttle is opened and closed rapidly, it is
possible tovary the pressure in the lower
chambers to comespond to the ratio
between open time and close time. An
electromagnetic valve, the timing valve,
is used as the variable throttle. It is con-
trolled by electrical pulses from the
Lambda control unit.
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Throttle vahva

Sensor-plate travel

Engine speed

Fig. 36

Acceleration rasponss.
Behaviour of the
K-Jetronic when the
throttie valve is suddenly
opened,

Fig. 37

Additional components

required for the Lambda

closed-oop control.

1 Lambda sensar

2 Lambda cantral unit

3 Timing valve
(varable throtile)

4 Fuel distributor

5 Lower chambers of
the diffarential-
pressure valves

& Metering slits

T Decoupling throttle
(fizxed throttle)

8  Fuel inlet

9 Fuel retum



Electrical Circuitry

Electrical Circuitry

If the engine stops but the ignition
remains switched on, the electric fuel
pump is switched off.

The K-Jetronic system is equipped with
a number of electrical components,
such as electric fuel pump, warm-up
regulator, auxiliary-air device, start valve
and thermo-time switch. The electrical
supply to all of these components is
controlled by the control relay which
itself is switched by the ignition-start
switch.

Apart from its switching functions, the
control relay also has a safety function.
A commonly used circuit is described in
the following.

Function

When cold-starting the engine, voltage
is applied to the start valve and the

thermo-time switch through terminal 50
of the ignition-start switch. If the crank-

ing process takes longer than between
8 and 15s, the thermo-time switch
switches off the start valve in order that
the engine does not "flood". In this case
the thermo-time switch performs atime-
switch function.

If the temperature of the engine is
above about +35°C when the starting
process is commenced, the thermo-
time switch will have already open-cir-
cuited the connection to the start valve
which as a result does not inject extra
fuel. In this case the thermo-time switch
performs as a temperature switch.

Voltage from the start-ignition switch
is still present at the control relay which
switches on as so00n as the engine runs.
The rotational speed reached when the
starting motor cranks the engine is high
enough to generate the "engine run-
ning” signal which is taken from the igni-
tion pulses coming from terminal 1 of the
ignition coil.

These pulses are processed by an
electronic circuit in the control relay
which switches on after the first pulse
and applies voltage to the electric fuel
pump, the auxiliary-air device and the
warm-up regulator. The control relay re-
mains switched on as long as the ignition
is switched on and the engine is running.
If the pulses from terminal 1 of the igni-
tion coil stop because the engine has
stopped turning, for instance in the case
of an accident, the control relay
switches off about 1 s after the last pulse
is received. This safety circuit prevents
the fuel pump from pumping fuel when
theignition is switched on but the engine
i5 not turning.
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Fig. 38

Circuit withouwt voltage
applied

@ |gnition-start switch
@ Start valve

& Tharmo-time switch
B Control relay

© Electric fuel pump

@ Warm-up regulator
@ Auxiliary-air device

Fig. 38
Starting with the engine
cold. Start valve and
thermm-fime switch ara
switchad on. The anging
turnis (pukses are taken
from terminal 1 of the
ignition coily, The contral
relay, electric fual pumy,
auxiliany-air device and
warm-up regulator are
switchad on.

Fig. 40

Dperation

Ignition on and engine
running. Control relay,
alectric fual pump,
auxiliary-air device and
warm-up regulator are
switched on.

Fig. 41

lgnition on but englme
stapped. Mo pulses can
be taken from terminal 1
af the ignition coil. The
control ralay, alectric fuel
pump, auxiliany-air
device and warm-up
regulator are switched
off.
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Exhaust-gas composition

Fuel combustion in the engine working
cylinder is more or less incomplete.
The less complete the combustion, the
higher is the emission of toxic sub-
stances in the exhaust gas. Perfect, or
total, combustion of the fuel is impos-
sible even when surplus air is available
in plenty. In order to reduce the load on
the environment, it is imperative that
engine exhaust-gas emissions are
reduced drastically.

All measures taken to reduce the toxic
emissions in compliance with a varety
of legal requirements, aim at achieving
as clean an exhaust gas as possible,
while at the same time featuring opti-
mum fuel-economy figures, excellent
drive ability, high mileage figures, and
low installation costs.

In addition to a large percentage of
harmless substances, the exhaust gas
of a spark-ignition engine contains
components which are harmful to the
environment when they occur in high
concentrations. About 1% of the
exhaust gas is harmful, and consists of
carbon monoxide (CO), axides of nitro-
gen (MO}, and hydrocarbons (HC).
The major problem in this respectis the
fact that although these three toxic
substances are dependent upon the
air-fuel ratio, when the concentration
of CO and HC increases the concen-

tration of MO, decreases, and vice
versa.

Carbon monoxide

Carbon monoxide (CO) reduces the
ability of the blood to absorb oxygen
and, as a result, lowers the blood
oxygen content. This fact, together
with it also being colorless, odorless,
and tasteless, makes CO extremely
dangerous. Even as low a proportion
as 0.3 percent by volume of CO in the
air can prove fatal within 30 minutes.
For this reason, itis forbidden to run an
IC engine inside closed rooms or halls
without the extraction system being in
operation.

Oxides of nitrogen

Oxides of nitragen (NO,) are also color-
less, odarless, and tasteless, butin the
presence of atmospheric oxygen they
rapidly convert to reddish brown
nitrogen dioxide (NO,) which smells
pungently and causes pronounced irm-
tation of the respiratory system. Due to
the fact that NO, destroys the lung
tissue it is also detrimental to health
when encountered in higher soncen-
trations. MO and NOQ, are usually
referred to together as NO,.

Hydrocarbons
A wide variety of hydrocarbons are
present in the exhaust gas from IC

Origins of pollutants in "Acid Rain®,

nat teking natural @mMissions info gccount.
Data taken from the 3rd Report on Emizsions
Protection (immissionsschutz-Barcht) from
the Ferman Faderal Governmant, dated

25 4. 7984

Industry

Households

16.4 W trathe

engines. In the presence of oxides of
nitrogen and sunshine they produce
products of oxidization. A number of
hydrocarbons are detrimental to
health.

Catalytic aftertreatment

The toxic emissions of the spark-igni-
tion engine can be considerably
reduced by the use of catalytic after-
reatment.

The exhaust-gas emission level of an
engine can be influenced at three dif-
ferent points. The first possibility of
influencing the emissions is during the
mixture-formation stage before the
engine. The second passibility is the
use of special design measures onthe
engine itself (for instance, optimized
combustion-chamber shape). The
third possibility is aftertreatment of the
exhaust gases on the exhaust side of
the engine, whereby the task is to com-
plete the combustion of the fuel. This is
carried out by means of a catalytic con-
verter which has two notable charac-
teristics:

® 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 con-
verter reduces the nitrogen of oxide
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present in the exhaust gas to neutral 43

nitrogen (MN).

It is therefore perfectly clear that the
catalytic aftertreatment of the exhaust
gas is considerably more effective
than for instance the purely thermal
afterburning of the exhaust gases ina
thermal reactor. Using a catalytic con-
verter, more than 90% of the toxic
substances can be converted to harm-
less substances.

The three-way catalytic converter has
come into widespread use (here, the
term “3-way" means that all three toxic
substances CO, HC, and NO, are
degraded at the same time). The con-
verter shell contains a ceramic “honey-
comb” which is coated with a precious
metal, preferably with platinum and
rhodium. When the exhaust gas flows
through this honeycomb, the platinum
and rhodium accelerate the chemical
degradation of the toxic substances.
Only lead-free gasoline may be used
with such converters because the lead
otherwise destroys the catalytic prop-
erties of the noble-metal catalyst. This
means that lead-free gasoline is a
prerequisite for the employment of
catalytic converters. The catalytic con-
version principle presupposes that the
engine burns an optimum air-fuel
mixture. Such an optimum, or stoichio-
metric, air-fuel mixture is characterized
by the excess-air factor of A = 1.00, and
it is imperative that the excess-air
factor 1z maintained precisely at this
figure otherwise the catalytic conver-
ter cannot operate efficiently.

Even adeviation of only 1% has consid-
erable adverse effects upon the after-
treatment. But the best open-loop con-
trol is incapable of holding the air-fuel
mixture within such close tolerances,
and the only solution is to apply an
extremely accurate closed-loop con-
trol, featuringalmost zero lag, to the air-
fuel midure management system. The
reason 15 that although an open-loop
mixture control calculates and meters
the required fuel quantity, it does not
monitor the results. Here, one speaks
of an gpen control loop. The closed-
loop control of the mixture on the other
hand measures the composition of the
exhaust gas and uses the results to
correct the calculated injected fuel
quantity. This is referred to as a closed
control loop. This form of control is
particularly effective on fuel-injection
engines because they do not have the
additional delay times resulting from
the long intake paths typical of car-
buretor engines.
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44) Cataytic converter

When exhaust gases flow through the catalytic
converter, the chemical degradation of the nox-
ious substances /s accelerated particularly by the
platinum and rhodium. 7 Ceramic material coated
with catalytically achve material, 2 Steel wool for
localing purpeses, 3 Converfer shall.
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Lambda closed-loop control

Lambda sensor

The Lambda sensor inputs a vollage
signal to the ECU which represents the
instantaneous composition of the air-
fuel mixture.

The Lambda sensor is installed in the
engine exhaust manifold at a point
which maintains the necessary tempe-
ralure for the correct functioning of the
sehsor 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
exhausl gas, and the inner electrode is
connected to the atmospheric air.
Basically, the sensor 1s constructed
from an element of special ceramic, the
surface of which is coated with micro-
porous platinum electrodes. The oper-
ation 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 con-
ductive, and if the oxygen concentra-
tion on one side of the electrode is
different to that on the other, then a
voltage is generated between the elac-
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.

Construction

The ceramic sensor body is held in a
threaded mounting and provided with
a protective tube and electrical con-
nections. The surface of the sensor
ceramic body has a microporous plali
num layer which on the one side decisi-
vely influences the sensor character-
istic 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 exhaust gas. This pro-
tective layer prevents the solid par-
ticles 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 lo ensure pres-
sure compensation in the sensor
interior, and also serves as the support
for the disc spring. The connection
lead is crimped to the contact element
and ig led through an insulating sleeve
to e outside of the sensor. In order
to keep combustin deposits in the
exhaust gas away from the ceramic
body, the end of the exhaust sensor
which protrudes into the exhaust-gas
flow is protected by a special tube
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! Positioning of the Lambda sensor

 Voltage curve of the Lambda sensor at an
operating temperalure of 600°C.
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Location of the Lambda sensar in the
exhaust manifold Ehown schematicaliy).

1 Sensor ceramic, 2 Electrodes, 3 Contacts,
4 Electical cortaching o fthe housing,

S Exhaust mamiohd, 6 Profochive ceramic
fayer (porous).

Exhaust gas
I L 4
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Lambda sensor.

1 Contact element, 2 Protective ceramic element, 3 Sensor ceramic, 4 Protective tube
ferhauvst end), 5 Electrcal connection, 6 Dize spring, 7 Prolective sfeeve (almosphera and}
& Houwsing (=), 9 Electrode: (—), 10 Clectrode (+).
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| i & dual exhaust system.

having slots so designed that the
exhaust gas and the solid particles
entrained in it do not come into direct
contact with the ceramic body.

In addition to the mechanical protec-
tion thus provided, the changes in sen-
sor temperature during transition from
one operating mode to the other are
effectively reduced.

The voltage output of the A sensor, and
its internal resistance, are dependent
upon lemperature. Rehable funchion-
ing of the sensor is only possible with
exhaust-gas temperatures above
350°C (unheated version), and above
200°C (heated version).

Heated Lambda oxygen sensor

To a large extent, the design principle
of the heated Lambda sensor is identi-
cal to that of the unheated sensor.

The active sensor ceramic is heated
internally by a ceramic heating element
with the result that the temperature of
the ceramic body always remains
above the function limit of 260°C.

The heated sensor is equipped with a
protective tube having a smaller open-
ing. Amongst other things, this pre-
vents the sensor ceramic from cooling
down when the exhaust gas is cold.
Amang the advantages of the heated
Lambda sensor are the reliable and
efficient control at low exhaust-gas
temperatures (e.g. at idle), the mini-
mum effect of exhaust-gas tempera-
ture variations, the rapid coming into
effect of the Lambda control following
engine start, short sensor-reaction
which avoids extreme deviations from
the ideal exhaust-gas composition,
versatility  regarding  installation
because the sensor 1s now indepen-
dent of heating from its surroundings.
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Lambds closed control-loop.

Tha Lambda closad control-oop is superimposed wpon the air-fuel mivture control. The fuel
guantity to be injected, as determined by the airfuel mixfure control, /s modified by the Lambdz
closed-loop contral In order to provide oplimum combusiion,
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Lambda closed-loop control
in the Maironic EGU ﬂ_
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Lambda closed-loop control
circuit

By means of the Lambda closed-loop
control, the air-fuel ratio can be main-

tained precisely at A= 1.00.

The Lambda closed-loop control is an
add-on function which, in principle,
can supplement every controllable
fuel-management system. Itis particu-
larly suitable for use with Jetronic
gasoline-injection systems or Motronic.
Using the closed-loop control circuit
formed with the aid of the Lambda sen-
sor, deviations from a specified air-fuel
ratio can be detected and corrected.
This confrol pnnciple 1= based upon
the measurement 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 acts as a probe in the exhaust
pipe and delivers the information as to
whether the mixture is richer or leaner
than i = 1.00.

In case of adeviationfrom this A=1.00
figure, the voltage of the sensor output

signal changes abruptly. This pro-
nounced change is evaluated by the
ECU which is provided with a closed-
loop control circuit for this purpose.
The injection of fuel to the engine is
controlled by the fuel-management
system in accordance with the infor-
mation on the composition of the air-
tuel mizture received from the Lambda
sensor. This control is such that an air-
fuel ratio of L =1 is achieved. The sen-
sor voltage is a measure for the correc-
tion of the fuel quantity in the air-fuel
mixture. The signal which is processed
in the closed-loop control circuit is
used to control the actuators of the
Jetronic installation.

In the fuel-management system of the
K-Jetronic (or carburetor system), the
closed-loop control of the mixture
takes place by means of an additional
control unit and an electromechanical
actuator (frequency valve).

In this manner, the fuel can be metered
so precisely that depending upon load
and engine speed, the air-fuel ratio is
an optimum in all operating modes.

Tolerances and the ageing of the
engine have no effect whatsoever. At
values above A = 1.00, more fuel is
metered to the engine, and at values
below AL =1.00, less.

This continuous, almaost lag-free ad-
justment of the air-fuel mixture to
A =1.00, is one of the prerequisites for
the efficient aftertreatment of the
exhaust gases by the downstream
catalytic converter.

Control functions at various
operating modes

Start

The Lambda sensor must have
reached a temperature of above
350°C before it outputs a reliable
signal. Until this temperature has been
reached, the closed-loop mode is sup-
pressed and the air-fuel mixture 15
maintained at a mean level by means of
an open-loop control. Starting enrich-
ment is by means of appropriate com-
ponents similar to the Jetronic installa-
tions not equipped with Lambda
control.

Acceleration and full load (WOT])

The enrichment during acceleration
can take place by way of the closed-
loop control unit. At full load, it may be
necessary for temperature and power
reasons to operate the engine with an
air-fuel ratio which deviates from the
A =1 figure. Similar to the acceleration
range, a sensor signals the full-load
operating mode to the closed-loop
control unit which then switches the
fuel-injection to the open-loop mode
and injects the corresponding amount
of fuel.

Deviations in air-fuel mixture

The Lambda closed-loop control oper-
ates in a range between A =0.8...1.2,
in which normal disturbances (such as
the effects of altitude} are compensat-
ed for by controlling A to 1.00 with an
accuracy of +1%. The control unit
incorporates a circuit which monitors
the Lambda sensor and prevents pro-
longed marginal operation of the
closed-loop control. In such cases,
open-loop control is selected and the
engine 13 operated at a mean A-value.




Installation schematic

Installation schematic
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ENGINE FAILS TO START (cold or warm)

Test conditions

Possible cause

Fuel in tank

Battery voltage sufficient

Valve clearance and mechanical condition
of engine correct

lgnition system in order

No operating error e
{hand throttle lever pulled)”

e [uel pump defective

e Sensor plate or control piston not moving
freely

e |ntake air system leaking
e Sensor plate stop too low
e [uel pressure does not build up

e Cold start device defective,
engine floods

e Auxiliary air valve defective

ENGINE FAILS TO START (cold or warm)

Possible cause Diagnosis Repair procedure
Test minimum voltage at pump connection terminal
Fuel pump * with voltmeter
defective

Turn on ignition,
fuel pump must start

audibly
!

Turn on ignition,
disconnect air
sensor contact,

fuel pump must
start audibly. From
1876 model.

Fuel pump| |Fuel pump
runs does not
run

Minimum voltage: 115 V

Current consumption when running:
between 6.5 and 85 A

Voltage 11,5 V or Voltage below 115V

higher




ENGINE FAILS TO START (cold or warm)

Possible cause

Diagnosis

Repair procedure

[ Start engine

Sensor plate or
control piston
not moving freely

Replace fuel
pump.

Check leads and
conneciions.
Eliminate faults,

[

END

Check sensor plate

and control piston for
smooth movement

Turn ignijtion off.
Remove air filter breather wit
sensor plate lever from below.

h plate filter and lift

Resistance must be uniform throughout lever travel.
On rapid downward movement the slow movement of
the control piston lifts it away from the lever; there

must be no noticeable resistance, however.

:

Intake air system
leaking

Sensor plate and control
piston move freely

Sensor plate and control
piston do not move
freely

|

throughout lever
travel.

heavy movement at
beginning only:

sensor plate touches air
venturi,

Remove control

piston,

polish carefully
in this area
with crocus
cloth

Remove mixture
control unit

readjust sensor plate,
see appendix Tor
procedure.

Start engine.

adjust idling CO

[
END

Check tightness of
intake air system
(vacuum system).
See Technical
Information Gr. 2,
No, 3,dated 5,7, 75

Note:

Only serious leaks cause the engine not to start,
e. g. rubber beliows disconnected.

With minor leaks the engine starts, but runs unevenly

{see idling defects) .




ENGINE FAILS TO START (cold or warm)

Possible cause

Diagnosis

Repair procedure

Sensor plate

No leaks found, Leaks found and
eliminated.

Start engine

Adjust idle
and CO.

END

stop
too low,

Remove rubber bellows
between mixture con-

trol unit and throttle
housing, check sensor
plate positicn,

Release pressure in fuel system.

For this purpose loosen pressure fuel line connected
to warm-up regulator at fuel distributor slightly to
release remaining pressure. Wrap a rag around fuel line
to trap excess fuel.

The upper edge of the sensor plate must now be flush
with the taper edge at the point shown in the diagram
on the left,

—_—y

< 7/

If necessary, an adjust-
ment can be made by
bending the spring clip
{arrow in figure above).
From the 1877 model
the adjustment is made
by turning the screw
shown (arrow in

figure on right).

After adjusting, check sensor prate for free move-
ment,

Check sensor plate position under pressure:

switch on fuel pump.

The adjusted position of the sensor plate must not
change by mare than 0.5 mm. When control pressure
is applied.

Change within Sensor plate position
tolerance limits. changes by more than
0.5 mm.

Replace flat spring on
sensor plate stop.
Adjust tc zero position.

I




ENGINE FAILS TO START (cold or warm)

Possible cause Diagnosis Repair procedure
Engine fails Engine starts
10 start
Adjust
END idling CO
Fuel pressure does Important:

not build up

Connect pressure gauge

To prevent dirt from entering the system, all connec-
tions which have to be removed must first be cleaned
thoroughly.

P 378 or 378 a;
test pressure

. Screw cap
. Sealing washer
. Correction disc

. Piston

1
2
3
4. Spring
5
6. O-Ring

The pressure gauge is connected between the fuel
distributer and control pressure line.

The control pressure now runs from the fuel
distributor through the two-way valve of the pressure
guuge to the warm-up regulator and throttle valve.

All pressure tests can be carried out in this way
without reconnecting the tubes.

MNote: calibrate pressure gauge occasionally,

Switch on ignition, from 78 model disconnect the air
sensor contact; two-way valve to position 1.

Read off system pressure.

Nominal value 4.5 t0 5.2 atm.

s
5]
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Engine fai
1o start

5

System pressure between System pressure not
45 and 5.2 bar, reached

The pressure should ]

ideally be towards the Pressure regulating valve
upper fimit. in fuel distributor unit

leaking

1

Replace rubber sealing
ring in pressure regulating
valve




ENGINE FAILS TO START (cold or warm)

Possible cause

Diagnosis

Repair procedure

Cold start device de-

Repeat system pressure
test. Pressure should ideally
be near upper limit, |t can
be increased by the addition
of correction disc — 3 — in
the system pressure control
valve.

Start engine

rAdjustlidling co [

|
END

fective; engine flocds

Defective auxiliary air
valve (from 75 model).
Cold engine starts then
stops. The auxiliary

air valve must be open
when the engine is

not running.

Check cold start

" | From 75 model onwards, unscrew feed hose at cold

On vehicles prior 10 76 model clamp off feed hose to
cold start valve with hose ¢lip to cut off fuel supply.

start valve and close tightly.

valve for leaking

start engine

engine fails engine starts
10 start

|cold start valve leaks |
1

END

Check hose for kinks

and that the auxiliary
air valve is open.

Adjust —freplace cold-start valvel
idling CO. :

start engine

If no kinks in hoses,
disconnect hoses from
the auxiliary air valve
and check that air can
pass through the valve.

No air passage,

END

Renew auxiliary
air valve,

11



TYPICAL COLD-START PROBLEMS

Test conditions Possible cause

Battery voltage sufficient e QOperating error

Valve clearance and mechanical condition *e Hand throttle wrongly set so that micro-
of engine correct switch fails to function
fgnition system in order e Starting valve fails to inject

e Thermo-time switch or *micro-switch
defective

e Warm-up regulator defective

e Auxiliary air slide

Possible cause Diagnosis Repair procedure

I@erating arror —E—

I Pull hand throttle lever 10 upper limit stop before
actuating starter. If engine runs push back hand throttle
|k lever until engine speed is approx. 2000 rpm.

Start engine according
to operating manual

At temperatures of less than —20°C, operate the
accelerator pedal a little, as well as the hand throttle
lever to start the engine.

Engine fails} |[Engine

to start starts
properiy property
Inform
customer
& of correct :
operation Important: make sure hand thlm‘Etie igver staysin
pulled position (friction discs)
END Setting: ol termperature 80°C hand throttle
: lever pulled to an engine speed of
Hand throttle wrongly _ 3500 to 3800 rpm
adjusted so that micro- Remove the electrical conntections to the micro-switch
Iswitch fails to function and connect a buzzer between the micro-switch con-

tacts. Move the throttle valve. Inserta 2 mm feeler
guage between the idling stop screw and the throttle
- valve lever.

Check hand throttle
and micro-switch
adjustment




TYPICAL COLD-START PROBLEMS

Possible cause

Diagnosis

Repair procedure

Caution

This measurement must be exact, hence ensure that
the guage is inserted flat.

Screw in the adjustment screw on the throitle valve
lever, beyond the switch-off point of the micro-switch
{buzzer off). Turn back the adjustment screw to the
switch-on point of the micro-switch {(buzzer on}.

Close the throttle valve, and check that in this position
the switch lever has sufficient return clearance (at feast

0.5 mmj. I

[ Cold start
valve defective

Hand throttle and Hand throttle and
micro-switch micro-switch
correctly adjusted wrongly adjusted

Correct hand

Start engine

END

Fit auxiliary cable, —|

throttle and micro-
switch adjustment

Connect auxiliary cable to terminal B+ on rear of

check operation of
cold start valve. The
valve operates only
up to an engine

temperature of 45°C.

fuse box and to ground.
A click must be heard from the magnetic valve
when the ground connection is made.

I

Start engine

END

Cold start Cold start valve

valve clicks does not click
Replace cold
start valve

14

15



TYPICAL COLD-START PROBLEMS

Passible cause

Diagnosis

Repair procedure

Thermo-time

switch or micro-
switch™ defective

Check thermo-time
switch and mirco-
switch™ for current
flow

¥ Micra-switch

No micro-

1 W

=

5

\

-
Iy
SH

i

Heating coil

d

Thermo-time switch

Start engine.

Bimetal element
r
| OB L,

switch fitied
— to 768 model

onward,

Cold star1 valve

Remove double plug from cold start valve.
Connect test lamp to two plug contacts.
Pull out hand throttle lever,®

During starting operation test lamp must come on at
engine temperatures below 45°C + 4°C.

Test lamp comes

Warm-up r'egulator

on
No defect present

Test lamp fails to come
on

Defect in thermo-time
switch or micro-switch®

lStart engine {

END

defective

Driagram for werm-up regulstor

Part Mo. 911.110.827.00
(911.606.102.00]

Besch No. 0438 140 001

Test control

Repair defect

pressure “cold”’

Crisgram for warm-up fegulater
Part No. 511.608.103.01
Boseh No, 0 438 140 008

T 8 8w | T
5 h : HERs
¥ I T
= :
. t Tt
T |
x: mmEk g AR
i T 7 inmn
AR A iz It
Temp*C 1 3 E kL x = » »u
Diiagram for warm-up regulator Diagram for warm-up regulatar
Part Mo, 211.808.105.01 Pert Mo, B11.808.1065,03
Besch No, 0438 140 009 and 511 .608.105.04
Bosch Mo, 0438 140017
and 0438 140 033
TTTTTTITT T T T TTITY
] ey : E T
Py A YR THERY T
2 : 2 x = bassbEs
EEasiE: HEH ] i &
: iEaNEa kis TR
T ; i T
i
18 =)
s 5 A T
P T =
Sies e H
i o = - ¥
Femp*T10 E: & % £ 35 TempC 1 3 mn F3 » u

Connect pressure gauge
Set two way valve to
position 2

Switch on ignition ++
Control pressure "'cold”
should reach values

shown in adjacent graphs.

Control pressure
correct

++ 76 model onwards,
disconnet air senzor
contact

P |

Control pressure "“cold”
higher than shown in

graph
I

Blockage in return
{ine. Check return
line for free passage

] l

Passage Passage not
inorder] {in order

16
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TYPICAL COLD-START PROBLEMS

Possible cause

Diagnosis

Repair procedure

Thermo-time

switch or micro-
switch™® defective

Check thermo

flow

-time
switch and mirco-
switch® for current

* Micro-switch

\

Heating coil

Bimetal element

L

Therma-time switch

No micro-
switch fitted
to 76 model
onward.

Cold start valve

Remove double plug from cold start valve.
Connect test lamp 1o two plug contacts.
Pull out hand throttle lever.® '

Start engine.

During starting cperation test lamp must come on at
engine temperatures below 459C + 4°¢,

I

Warm-up regulator

Test lamp comes
on
No defect present

|

Test lamp fails to come
on

Defect in thermo-time
switch or micro-switch™

IStart enging }

END

defective

Dizgram for warm-ug regulatos

Part Na. §41.110.027.00
1211.606.103,00)

Bosch Ne, 1238 140001

Diagram Tor warm-ug regulator
Part No. 911,606,106 01
Bosch Mo, 0438 140 009

Test control
pressure “cold”

Repair defect

[Driagram dor warmep ragulatar
Part Ne, 91160510201
Beseh No. 0 438 140008

Diggram for warmup cegulator

Fart No, 911.606.105.02
AN 911,605,106 04

Bosch No, 0438 140017
and 0438 140033

TTIIT mma

o

Connect pressure gauge
Set two way valve to
position 2

Switch on ignition ++
Control pressure “coid™”
should reach values

shown in adjacent graphs.

Control pressure
correct

++ 76 model onwards,
disconnet air sensor
contact

S

Control pressure “'cold”
higher than shown in

graph
l

Blockage in return
line. Check return
line for free passage

Passage Passage not
in order in order




TYPICAL COLD-START PROBLEMS ' |

Possible cause Diagnosis Repair procedure

Check return
line junction
pigce

Replace warm-up
regulator

After fitting new warm-
up regulator test vehicle
for smooth engine run-
ning

Remedy: see uneven
running

Start engine Repeat control pressure
f measurement

[Adjust idling O |

END
18
Defective auxiliary
air slide (from 76
maodel}. Cold engine
starts then stops.
Check hoses for If no kinks in hoses, disconnect hoses from the
kinks and that the auxilliary air slide and check that air can pass
auxiliary air slide through the slide (only when cold),
is open,
No air passage
Start engine Renew auxiliary
air slide,
END
i
2
1 Auxiliary air valve
2 Auxiliary air slide
19




TYPICAL HOT-START PROBLEMS

Test conditions

Possible cause

Battery voltage sufficient

Valve clearance and mechanical condition
of engine correct

Ignition system in order

Note: The system pressure should be near
the upper limit (6.0 to 5.2 bar.).

The control pressure, warm and at part-load,
should be in the region of the lower limit
(3.4 bar. )

No longer adjustable from 1976 model.

— renew warme-up regulator.
Control pressure {idle) 3.6 £ 0.20 bar,
(throttle closed)
" {engine switched off) 2.9 + 0.20 bar.
— warm-up regulator fully actuated

See also Technical Information Gr. 2
No.6 , dated 5. May 1978,

® System pressure drops too far and rapidly
after switching off ignition
{tendency for vapour bubbles to form)

® [njectors leaking, or opening pressure
too low (vapour bubbles)

e (Cold start system defective, thermo-switch
fails to switch off at temperatures above
45°C + 4°C

e Sensor plate stop too low

Quick preliminary check:

Remove air filter, briefly raise the sensor plate,
and start the engine (caution: if the sensor
plate is raised for too long, the engine will run
too rich}.

If the engine starts, the cause is probably the
formation of vapour bubbles, or an incorrectly
adjusted or sticking sensor plate.

Possible cause Diagnosis

Repair procedure

System pressure drops
too sharply when
igniticn is switched off

Check system ar_1d control
pressure circuit for

leaks

Control pressures up
10 mode! 1975
Idle: 2.9-3.1 bar,

Part-Load: 3.4—3.5 bar.
Full-Load: 2.7—3.1 bar.

from 1976 model

Idle: 3.6 bar.x02
Engine off: 29 bar,t0.2

When control pressure
“warm’’ is reached,
switch ignition off and
observe pressure drop
at pressure gauge,

At first the pressure
drops fairly guickly to
about 2 bar, It should

Connect pressure gauge,
remove cable from warm-
up regulator and connect
warm-up regulator direct
to B+ on rear of fuse box
with auxitiary cable.

Set two way valve to
position 2 [control pres-
sure). Bwitch on ignition then drop slowly. After
from 1976 mode!, dis- 20 minutes there must
connect air sensor contact. be a residual pressure

The control pressure must of 1.0 bar..

visibly increase as the

warm-up regulator be- o

comes warm. 5 %
= &
5 2 =
g o
o @ i
2% D
E2 e
= £
P Q
oc i
]
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TYPICAL HOT-START PROBLEMS

Possible cause . Diagnosis Repair procedure

Set two way valve to position 1 (system pressure) and
repeat test for leaks.
I I ]

Pressure Pressure drop Pressure drop
drop normal only in in pos. 2
pos. 2 and 1

f___!

Pressure drop not

Set twao-way valve to normal. Possible faults:
position 2 and repeat system pressure regula-
pressure test. Possible tor valve, cold start
faults: warm-up regula valve, pump back-pres-
tor, throttle valve, sure valve,

Replace warm-up t* Block return line from
requlator. warm-up regulator with

hose clip and repeat test. |
Pressure Prassure
drop drop not V
norr*]nal normal
! !
Replace Replace
warm-up throttle
regulator valve 79
housing
= i __l_._'_._'-__

42} el Switch on the ignition until the highest
Note: Fuel pump EKP 4 is fitted to models 1975 control pressure “warm’’ is reached, then
onwards. The back-pressure valve in this pump block the feed pipe to the fuel pumb
cannot be replaced. Renew the fuel pump complete, using a hose clip .swirch off the ignition
See also Tech. Info. Gr. 2 No. 23, dated 30.11.1974. and observe pres;sure drop at pressure
Models 1877 are fitted with an improved version of e

fuel pump EKP 4. Test: back-pressure valve sealing.

Sealing good. Sealing not correct.
Replace back- Also block the return
pressure valve, line to the fuel tank
++ and repsat the test
| 4 B .
Sealing correct. Sealing not correct.
Replace sealing Replace cold start *
ring in the system valve.
Start engine pressure regulator
valve.
| Adjust idling CO]
J Repeat -
END pressure test =~

23




TYPICAL HOT-START PROBLEMS

Possible cause

Diagnosis

Repair procedure

Injectors leaking —
dripping or pressure

too low,

Remove injectors check

for tightness and opening
pressure,

Mount the injectors on test unit.

Test opening pressure 2.5 — 3.6 bar,

At apressure of 0.6 bar,below opening pressure
no drops must form at valve within 15 sec.

Cold start system
defective

Thermo-switch fails
1o switch off at
temp. above

45°C 1 49¢

One or more injec-
not leak, open- tors leaking or in-
ing pressure . correct opening
correct. i pressure.

Injectars do

Start engine

Adjust idling CO

END

Replace leaking
injectors. Ideally,
use injectors with
high cpening pres-
sure. This reduces
the formation of
vapour bubbles.

Check operation ‘

of thermo-switch

Remove double plug on cold-start valve.

Connect test lamp 10 both plug contacts.

Start engine and warm up {oil temp. 60 — 80°C).
Switch engine off.

Apply hand throttie®
Start warm engine again {with hand throttle pulled®

The test Jamp must not coms on during the starting
operation.

No damage
detectable

Damage located
and repaired

|Start engine {

{Adjust idling CO}

|
END

24




TYPICAL HOT-START PROBLEMS

Possible cause Diagnosis

Repair procedure

Sensor plate
stop too
low

Remove rubber bellows
between air sensor
housing and throttle
housing, check sensor
plate position

Release pressure in fuel system.

For this purpose loosen pressure fuel line connection
to warm-up regulator at fuel distributor slightfy to
release remaining pressure, Wrap a rag around fuel
line to trap excess fuel.

The upper edge of the sensor plate must now be
Tlush with the taper edge at the point shown in the
diagram on the left. :

If necessary an adjust-
ment can be made by
bending the spring clip
{arrow in figure above).
From the 1977 model
the adjustment is made
by turning the screw
shown (arrow in figure
on right].

After adjusting, check sensor plate for free movement.
Check sensor plate position under highest pressure
{warm).

Switch on fuel pump.

The adjusted position of the sensor plate must not

Start engine

Adjust idling CO

END

change by more than 0.5 mm when control pressure
is applied.

Replace flatspring on sensor plate stop if necessary,
Adjust 1o zero position,

27



IMPROPER IDLE (Uneven idle with warm engine)

Test conditions Possible causes
Valve clearance Uneven idling engine e wrong idle CO setting
ignition timing and spark  warm ; e air intake system (leak after sensor
plugs in arder; plate)
no misfiring; performance e starting valve leakigg
satisfactory e fine screens in injection valves clogged
Accelerator linkage Idle sticks at about e Pneumatic valve diaphragm reacts 100
returns to idle position 1500 rpm, or idle stowly
and moves freely speed drops off e Auxiliary air slide is permanently open

sharply for a short e Auxiliary airvalve does not close

time when acceler-
ator is released

Acceleration char- Engine starts but e Sensor plate stop too low
acteristics normal; stops again
no hot start difficulties

Possible cause Diagnosis Repair procedure

Incorrect idle CO
adjustment

Measure idie Bring engine to operating temperature
CO {warm-up regulator fully actuated)
Connect CO measuring unir]

CO content at idle speed 800250 rpm =1.0—-15%
(vehicles with throttle valve = 2.5 %). See also Appendix
“Test and adjustment values’.

I

Having adjusted CO content remove adjusting key
and briefly press the acceterator.

1

Check idle
characteristics

e |

Idle not Idle and CO
normal CO content normal
content changes

END




IMPROPER IDLE (uneven idle with warm engine)

Possible cause Diagnosis

Repair procedure

Air intake system
leaking after
sensor plate

Check air intake
system for tightness.
See also Technical

Information Gr. 2
No. 3,dated 5, 7.1977,

Leaks in the air system cause a weakening of the
mixture.

Leaks may occur:

rat rubber bellows

at throttle housing (flange and throttle bearing)
at starting valve gasket

at intake manifolds

at plastic sleeves and rubber seat rings of injection
valves

at intake manifold gaskets

or at air distributor housing {cracked)

On Spoertomatic vehicles the

vacuum hoses may be defective

hoses to the auxiliary air valve and the auxiliary
air slide

No leaks

Leave engine running.

found

Leaks found

Set idle CO. Check
idle characteristics

END

Starting
valve leaks

Check starting valve

and corrected

Remove rubber bellows from throttle housing.

Connect a test lamp to B+ and ground.

for leaks

Insert the test lamp in the throttle housing as far as
the vacuum distributor housing. Switch on the fuel

pump. With a mirror, check the tightness of the
starting valve, No drops should be visible.

i I

No leaks Leaking cold

found. start valve *

— renew.

[

Repeat CO
check. Correct
if necessary.

—

Check idle characteristics

30
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Possible cause Diagnosis Repair procedure

Idie not Idle

normal normal
T |

END

: : See appendix for work sequence and tools
Fine screens in

injectors —>=3, E ;
clogged After ;ieanmg check the injectors for leaking and
operation.
Remove and clean or ;
renew injectors Leakage: atapressure of 0.b bar below cpening
pressure, no drops must form at the valve

within 15 ssconds.

Injector outlet pressure: 2.5 to 3.6 bar
Dispersion in set: max. 0.6 bar,

Note: Perfect cleaning of the injectors is not
Start engine possible.

Check idle
characteristics
Set CO content

If the injectors are found to be clogged,
the rest of the fuet system must also
be checked for dirs.

[T
=
)

IMPROPER IDLE {_idlelspe:g remains at approx. 2000 rpm or falls off sharply for a short time when accelerator
is releas
Possible cause Diagnosis Repair procedure

Pnesumatic valve Note:
faulty. Engine The pneumatic valve is operating correctly if, when
speed remains at the accelerator is released quickly, the engine speed
approx. 2000 rpm drops briefly to 1500 — 2000 rpm and then falls
for too long to idle speed.

Disconnect pneumatic Engine speed falls Engine speed

valve control connector directly to idle remains

(upper) and seal i1, unchanged
Preumatic valve
faulty. Engine
speed falls off Replace
sharply for a e pneumatic
short time when valve
accelerator is
released.

Start engine

Check idle

characteristics ’i

END
33




IMPROPER IDLE (idle mpeed]remains at approx. 2000 rpm or falls off sharply for a short time when accelerator

Possible cause Diagnosis

Repair procedure

Faulty automatic
start system

Check auxiliary air
slide and. auxiliary

air valve with engine
warm

Pre-Test:

1. Switch on ignition, disconnect the air sensor con-
tact {pump operates}. Disconnect the plug from
the auxiliary air slider and connect a test lamp
to it. Lamp must light.

2. Switch off ignition.
Connect an ohmmeter across the two contacts of

the axiliary air slide. It should read approx. 20 Ohm.

From Bosch No. 0280 140 201, 30 Ohm.

3. Check hoses for leaks.

Remove one hose from the auxitiary air siide and
block both openings. Start the engine.

I

Speed remains Speed reduces

too high

|

Replace auxiliary
air slide

Replace auxiliary
air valve

END

IMPROPER IDLE (engine starts but stops again)

Paossible cause Diagnosis

Repair procedure

Sensor plate stop 100 |ow ++

++ Cold engine (below 45° ¢ °C)
only.

Remove rubber bellows
between air sensor
housing and throttle
valve housing, check
sensor plate position.

Sensor plate

position correct

Release pressure in fuel system.

For this purpose loosen pressure fuel line to warm-up
regulator at fuel distributor slightly 1o release
remaining pressure. Wrap a rag around fuel line to
trap excess fuel,

The upper edge of the sensor plate must now be flush
with the taper edge at the point shown in the diagram
on the left.

z

If necessary an adjust-
ment can be made by
bending the spring clip
(arrow in figure above).
From the 1877 model
the adjustment is made
by turning the screw
shown {arrow In figure
on right),
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Possible cause

Diagnosis

Repair procedure

Automatic start
system faulty

] Start engine [I

[ Adjust idling CO |

END

After adjusting, check sensor plate for free movement.
Check sensar plate position under highest pressure
warmj.

Switch on fuel pump.

The adjusted position of the sensor plate must not
change by more than 0.5 mm when control pressure
is applied.

Replace flat spring on sensor plate stop if necessary.
Adjust to zero position. *

Check hoses for kinks
and test auxiliary air
slide.

Warm engine: auxiliary air slide closed
Cold engine: auxiliary air slide open

END

If the position of the auxiliary air slide is incorrect,
check air and electrical connections. IT necessary
renew the auxiliary air slide,

;Pheck idle characteristics}
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UNEVEN RUNNING {engine pulls unevenly at constant speed at about 2500 — 3000 rpm)

Test conditions

Possible cause

Valve clearance, ignition, dwell angle and spark
plugs in order

Connector to ignition coil in order

Engine starts properly when cold
(if not, see " Typical cold-start problems’’)

Maximum speed can be attained
(if not, see "Performance unsatisfactory’’)

Idle CO adjustment correct

e Control pressure incorrect
*e Throttle valve incorrectly adjusted

e |ncorrect sensor plate position.
This is moticeable by uneven
running at starting speed

Note:

The tendency to run unevenly at constant
speed differs from engine to engine and in
some instances cannot be eliminated
altogether even by the most careful adjust-
ment.

Make sure that the adjustment corresponds
1o the optimal values.

Check the valve clearance, ignition and
spark plugs as well. .

Possible cause Diagnosis

Repair procedure

Control pressure
incorrect

Check control

pressure

Engine cold, connect pressure guage. Set two-way
valve to position 1, and firstly check system pressure
45 —5.2 bar then set two-way valve to position 2|
Allow warm-up regulator to heat up and cbserve the
control pressure.

Engine off: 29 %0.2 bar
Idle: 3602 bar
*Engine off:

Throttle valve at partial load 34 —35bar

Note: |f the control pressure is always too high —

blockage in the return connection,

I l

Control pressure Control pressure
correct incorrect

l

Check warm-up regulator:
Throttle valve in idle position:
29+ 0.2 bar

engine off.
¥2.0-3.1 bar

*With the engine
running, the con-
trol pressure
must be higher
at partial load
3.4 —35bar

With the engine running,
the control pressure must
rise to approx. 3.6 £ 0.2 bar
If necessary, replace the
warm-up regulator and
repeat the test.
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UNEVEN RUNNING (engine pulls unevenly at constant speed)

Possible cause

Diagnosis

Repair procedure

Check thermal valve |

THERMAL VALVE

From 1977 model, an electrically heated thermal
valve is inserted in the control connection for the
warm-up regulator (throttle housing 1o vacuum
advance).

1
—— 050 \_Q""" B
—0 i
87,7819 E!l 864

pump relay
= air sensor contact

W >
n

= fuel pump

= warm-up regulator
thermal valve

= auxiliary air slide

BWN =
]

40

The thermal valve is closed when the engine is cold
and prevents the vacuum in the suction tube to the
warm-up regulator being effective. This delays the
warm-up regulator change-over to weak mixture,

To test:

1. Disconnect the vacuum hose (1) from the warm-
up regulator,

2. Switch on the fuel pump

3. Blow into the disconnected tube. At 20°C — 30°C,
the valve must open after 10 — 30 seconds.

Fault found
and corrected
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UNEVEN RUNNING (engine pulls unevenly at constant speed)

Possible cause

Diagnosis

Repair procedure

Throttle vaive

incorrectly

adjusted or not
orking

Check running

characteristics

END

*
Control pressure Control pressure
correct incorrect
Adjust idle CO %

¥

Check throttle

Sensor plate
limit spring

valve

Adjust idle and CO

Control pressure must reach the following valuss:

Idle: 29 —3.1 bar
Partial load: 3.4 — 3.6 bar
{Warm-up regulator fully operated)
Full load: 2.7 —3.1.bar

|f necessary, adjust the throttle valve. If the values
cannot be obtained, renew the throttle valve and
repeat the test.

Note; If after careful adjustment, the uneven running
is still noticeable, adjust the throttle valve and the
warm-up regulator to 3.2 — 3.4 bar control
pressure at partial load. Check the injectors for correct
spray pattern.

Check running
characteristics

END

too soft

Control pressure
correct

Remove rubber beliows,
check sensor plate

position

Release pressure in fuel system.

For this purpose slacken pressure tube connection to
warm-up regulator at fuel metering distributor slightly
to release remaining pressure. Wrap a rag round the
connection when it is slackened so as to trap splashing
fuel,

The upper edge of the sensor plate must now be flush
with the start of the taper at the point marked in the
figure on the left,
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UNEVEN RUNNING (engine pulls unevenly at constant speed)

Paossible cause

Diagnosis

Repair procedure

If necessary the adjust-
ment of the sprung
f{imit stop can be cor-
rected by bending the
wire bracket (arrowed in
figure above).

From the 1977 model
the adjustment is made
by turning the screw
shown {arrow in

figure onright).

After adjusting, check sensor plate for free movement,

Check sensor plate position under pressure.

Switch on fuel pump.

The neutral position of the sensor plate must not
change by more than 0.5 mm under the action of the
control pressure.

Check for even

Sensor plate position
changes by more than
0.5 mm

Repiace flat spring on
sensor plate stop

|

Set to zero position

running

s

END

and adjust idle CO
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UNSATISFACTORY PERFORMANCE

Test conditions

Possible cause

Valve clearance, ignition timing and spark
plugs in order

Mechanical condition of engine
satisfactory

Throttle valve does not open fully

Sensor plate or control piston do not move
freely

Wrong idling CO setting

Delivery from fuel pump insufficient, dirt
in fuel system

Tank vent blocked

Possible cause Diagnosis

Repair procedure

Throttle valve does
not open fully

Check throttle valve
adjustment.. Remove
rubber bellows.

No adjust-| [Wrong
ment error] |adjust-
ment

corrected

traced and

|

Performance
satisfactory

END
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UNSATISFACTORY PERFORMANCE

Possible cause Diagnosis Repair procedure

Remove air filter cover and filter and it sensor plate
lever from below.

The lever must have equal resistance throughout its
travel.

Sensor plate or
control piston
not moving freely

Check SERNE plate,and In rapid downward mavement the slowly following
control piston for free control piston lifts away from the lever; no resistance
IHoveHIent must be noticeable at that point.

Sensor plate] |Sensor plate does| [Control piston does
and control { [not move freely | [not move freely
piston move
fresly _
Overhaul and Remove control
adjust air flow piston and care-
sensor. See fully polish this
appendix for area with crocus
pracedure ~loth
|Check performance | {Setidie cO]-
END
ldle CO setting Bring engine to operating temperature {warm-up
wrong _ regulator fully actuated).

Connect CO tester.
Adjust CO content at idie speed 900 = 50 rpm

Measure idling CO

I Set CO content to prescribed va1ue—]

IChet:k performance

Performance Performance
unsatisfactory| satisfactory

END




UNSATISFACTORY PERFORMANCE

Possible cause

Diagnosis

Repair procedure

(__I

Tank vent

blocked

Fuel pump Release return line from fuel distributor at junction
delivery too low socked, place standard fue! line on connection and
Fuel system hold in a measuring glass.
clogged Pump out fuel.
- The fuel pump must deliver min. 750 cm® in 30 sec.
Check delivery, Check the pumped out fuel for dirt and water.
check fuel for dirt
Important: comply with safety precautions for work
on fuel system
Delivery in order
no fouling
e
Delivery 100 low rDirt and water in fuel]
no fouling
rRepIace fuel pum,ogl
!Check performance ! Set idling !Elean fuel systerﬂ
I (010]
| _| Performance Performance
unsatisfactory satisfactory
END

Check tank vent
system

Apart from impurities in the fuel system, the trouble
may also be due to a blocked tank vent. This may
result in both underpressure and overpressure.

Overpressure generally occurs after driving for a short
time, with the tank fairly full, due to movement of ths
fuel.

Underpressure only occurs after a good distance. Check
the effectiveness of the tank venting system.

The tank should be 1/2 to 3/4 full. Remove the petrol
cap and close the flap. Carry out a test drive,
{preferably on a straight stretch of road).

] Test drive vehicle |

FE

Replace or overhaul
defective parts

END
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FUEL CONSUMPTION TOO HIGH

Test conditions

Possible cause

Test drive has shown fuel consumption
significantly too high

Valve clearance and mechanical condition
of engine correct

lgnition system and spark plugs in order

Notes on test drive:

The test drive should be carried out in the
presence of the customer (equal periods
of town and highway driving).
Consumption should be measured with
continuous flow test meter.

Consumption: 911  approx 14 1tr/100 km
911S approx 15 1tr/100 km
Carreraapprox 16 1tr/100 km

These figures are obtained from mixed town

and highway driving. Car with Sportomatic

will have a slightly higher fuel consumption.

e |dling CO setting too rich
® Auxiliarv e a'Suetivt rurtétioimmy

e Electrical problem in warm-up regulator
or thermal valve

e Control pressure “warm’’ too low

e Stiarting valve leaking

Possible cause Diagnosis

Repair procedure

Engine set too
rich
Idling CO too
high

Measure idle CO

Auxiliary air slide

With engine at operating temperature, adjust idle,
check CO content and adjust if necessary.

not operating
(from 1976 model)

Check connections 1o

the suxiliary air slide.
Replace it if necessary,

ldle speed too high Idle running
not adjustable correct
B Measure

consumption
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FUEL CONSUMPTION TOO HIGH

Possible cause Diagnosis Repair procedure
Consumption Consumption
not correct correct

END

Electrical defect
in warm-up
regulator

Check minimum voltage
at terminal and check
for function of heating
coil

Make sure plug is tight.

The minimum voltage at the terminal of the warm-up
regulator should be 115 V.,

Check with voltmeter with engine running.

Check for function of heating coil.

Remove cable froam terminal of warm-up regulator.
Connect test buzzer or ohmmeter in series.

The heating coil is functioning if the test buzzer or
ohmmeter does not respond.

No fa;ul‘t found Fault detected

[Measu re consumption

|

END

Control pressure
“warm” too low

in lead or : and remadied
heating coil
j= Set idling
CcO

ITest pressure E—

Connect pressure gauge.

Remove cable on warm-up regulator,

Fit auxiliary cable and connect to terminal B+ at rear
of fuse box.

Check the function of the warm-up regulator {con-
trol pressure).
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FUEL CONSUMPTION TOO HIGH ‘]

Possible cause - Diagnosis Repair procedure
Control Control pressure
pressure correct tco low

SO
Block return line

Renew warm-up on warm-up regula-
regulator. See tor with hose clamp
also tharmal
valve,

Repeat control
pressure measdrement

Control Control
pressure | |pressure
correct 100 low

| |

Replace Replace
or adjust] |or adjust
egulator} |throttle

++ . - jvalve

Measure Set idling
consumption (610)]

++ If warm-up regulator is replaced, or control pressure

END changed, the engine characteristics must be 56
- checked at constant speed (ckeck for even running).
THERMAL VALVE
From 1977 model, an electrically heated thermal
valve is inserted in the control connection for the
warm-up regulator {throttie housing to vacuum retard.)
.
L e |B
—————045
(-] i
87,9879 881 860 aoqE -
A et
: 1
4 LWL.;
:
i 4
A =pump relay
B = air sensor contact
Check thermal valve 1 = fuel pump
2 = warm-up regulator
3 = thermal valve
4 = auxiliary sir slide
57




Possible cause

Diagnosis

Repair procedure

Measure

The thermal valve is closed when the engine is cold
and prevents the vacuum in the suction tube to the
warm-up regulator being effective. This delays the
warm-up regulator change-over to weak mixture,

To test:

1. Disconnect the vacuum hose (1} from the warm-
up regulator,

2. Switch on the fuel pump

3. Blow into the disconnected tube. At 20°C —
30°C, the valve must open after 10 — 30 seconds.

Fault found
and corrected

Adjust idle

consumption

Starting
valve leaks

END

1

idle CO

for tightness

Check starting valve

Remove rubber bellows from throttle housing.
Connect a test lamp to B+ and ground. Insert the
test Jlamp in the throttle housing as far as the vacuum
distributor housing. Switch on the fuel pump. With

a mirror, check the tightness of the starting valve.

No drops should be visible.

Starting valve
leaks — renaw

Set idling CO

Measure
consumption

Consumption
correct

END
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Appendix

Fuel system diagram
Adjustment data
Adjusting the sensor plate
Cleaning the fuel system

Spare parts for the mixture control unit
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Test and Adjustment Data for K-Jetronic

Test Test and adjustrment data
Fusl pump
delivery minimum 750 cm® /30 s

Control pressure “‘cold”
corresponding 1o
external temperature

Diagram for warm-up regulator

Part No. 911,110.927.00
(911.806.103.00)

Bosch No. (0438 140 001

P EEE i)

.

. )

i L L A S

3 T

Temp.C 10 15 20 25 a0

Diagram for warm-up regulator
Part No. 911.608.105.01
Bosch No. (0438 140 008

3.0

35

20—+

10

_,__.___
i

par

Temp.°C 10 15 20 25 30

35

Diagram for warm-up regulator
Part No. 911.606.103.01
Bosch No. 0438 140 008

3.0 TTT T EEEEE
|2 | i | S i 2
' E |: _j_ 1 7 1
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H i ] 3 1
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I Lt
] g 4
151 o
i ] |1
1,0 - —
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i
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] | 1 T
iy | 1 |
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Temp°C 10 15 20 25 30 35 64

Diagram for warm-up regulator

Part No. 911.6086.105.03
and 911.606.105.04

Bosch No. 0438 140 017
and 0438140033

e

E RN

2.0

i

05

bar

Temp.’C 10 15 20 25 30 35
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Test

Test and adjustment data

66

Control pressure “warm’’
Throttle valve position:
Idle
Partial load
Full load

29 10 3.1 — adjustment tolerance 2.95 to 3.05
35139 (Europa3.4to39)
2.71t03.1

Cars fitted with vacuum controlled warm-up regulator:

Engine off
Idle

2.9 £ 0.2 bar {kp/cm?)
36+ 0.2 bar (kp/fcm?)

System pressure

45 to 5.2 bar {(kp/cm?)

Leak test
Minimum pressure after 20 min:

1.0 bar {kp/cm?)

Injector valves
Opening pressure
Max. variation between those
in one set or engine

25 t0 3.6 bar {kp/cm?)

0.6 bar (kp/em?)

Idle adjustment
Idle rpm

CO content

900 * 50 rpm {manual gearbox to 77 model)
950 * 50 rpm (Sportomatic to 77 model)
900 + 50 rpm (Europa from 77 model)
950 £ 50 rpm USA, from 77 model)
1000 + 50 rpm (California and high altitude
countries, also Japan, from

77 model)
73 model (2.4 1) 15t020%
74 model (2.7 1) 15t025%
75 model Europa 20t025%
USA 171022%
Calif. 15t020%
;? mggz: Europa 10t015%
75 model USA* 20104.0%
77 model USA,
California and 15t03.0%
high altitude
countries®

77 model Japan 10t020%
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Adjust sensor plate

1. Lateral adjustment

After releasing the clamping screw on the counterweight
of the sensor plate lever, the lever can be moved

laterally on the axis and centered. Coat clamping screw
with "Loctite” and tighten with torgue of 47 — b3 kpcm.

2. Checking vertical adjustment

The top edge of the sensor plate must be level with the
narrowest funnel diameter. A lower position down to a
maximum of 0.3 mm is permissible {see diagram).

The vertical adjustment can be corrected by bending the
spring clip at the stop.

The vertical adjustment was changed with effect from
mixture control unit Bosch 622, May 1976.

The spring stop is replaced by an adjusting screw, with
which the sensor plate is adjusted.

The spring clip is not fitted.

This setting must be checked in both the pressure-free
and under pressure states; the sensor plate position must
not vary by more than 0.5 mm; if it does, replace

the flat spring,

3. Longitudinal adjustment
(vertical position must be correct)

Release sensor plate fixing screw and coat with *“Loctite’’.
Tighten the screw until the sensor plate can still just be
moved.

Set a uniform gap of 0.10 mm between the sensor plate
and air venturi. Tighten the fixing screw with a torgue

of 50 — 55 kpcm.

Make sure that the sensor plate adjustment is not

changed when tightening.

Check the gap.




Cleaning fuel system

1. Replace fuel filter
2. Flush out pressure accumulator
3. Clean injection lines (with compressed air)

4, Clean injection valves
Cleaning will only be successful if the injection valve is flushed out in the direction opposite to the normal flow.

Tools and spare parts:

1 Bosch nozzle tester No. EFEP 60 H or focally made unit

1 pressure gauge 0 — 6 kp/cm?® CI. 1.0 100 mm dia.

1 reducing piece RSI 1/2" on 1/4" (obtainable from Steinebronn, 7 Stuttgart- -Feuerbach, Kruppstrake 34 — 36)
to mount pressure gauge on nozzle tester

1 locally made tool

1 valve plate
plastic hose {80mm long, 8 mm inside dia.} ET No. 811 201 228 00

2 hose clips ET No. 999 512 160 02

Locally made tool:

Saw open defective injection valve (approx. 7 — 10 mm from outlet aperture}
Remove valve spring plate with pincers
Clean sawn-off valve at cut section, wipe down and connect to plastic hose

70

{8 mm inside dia.}. Use hose clip No. 899 512 160 02 to secure. o
The fouled injection valve is inserted in the opposite free hose section and also glsedifeEyon
fixed with a hose clip {(see diagram). ‘.’

For safety reasons do not use carburettor fuel for cleaning; use only test oil

Tester connexion

tin

Senuence for cleaning operations:

a. Lift needle of valve to be cleaned with pincers so that the valve spring plate =
is located between the raised needie and needle seat. The valve is now open
and can be rinsed in the desired flow direction.

b. Fit the valve together with the locally made tocol and screw on 1o nozzle
tester. ——

c. Actuate nozzle tester several times thus rinsing the injection valve against 1
flow direction (at least 15 times).

d. Unscrew locally made tool with injection valve from nozzle tester and blow
out with compressed air {max. 4 bar )

Clip

Check the injection valve for tightness, spray pattern and operating efficiency
after cleaning.

Opening pressure: 2.6 to 3.6 bar.

In one set, the variation in pressure must not be greater than 0.6 bar . 1f. | Injection nozzle
the variation is too great, the injector with the lowest opening pressure is to
be replaced. The spray pattern is to be cone shaped (angle of spray 10 — 20°); -
a side deflected pattern is incorrect. ;

Leak test: I

No drops should form within 15 seconds of a pressure being applied that is
0.5bar below the opening pressure.

Connexion hose
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Spare parts for mixture control unit, K-Jetroiic

No.
in fig.

O .~ O W RN =

ST o G e I ey
O O & W N = O

i
18
18/1
18/2
19
19/1

Designation

Fuel distributor

O-ring

Screw M 5 x 50

O-ring

Shim, thickness 0.1 mm or 0.5 mm
Gasket A 10x 135
Adr flow sensor

Plug

Pivot pin

Adjusting lever bearing
Adjusting lever

Sensor arm

Screw M 8 x 40
Sensor plate

Washer

Bolt

Spring clip

Nut

Adjusting screw

Nut

Stop bracket

Socket for safety circuit
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