The things an automobile
has to go through...
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Electronically Controlled
Gasoline Fuel-Injection System with
Lambda Closed-Loop Control
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KE-Jetronic

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

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

In'the spark-ignition engine, 8 fuel-indue-
tian syatem outgide the combustion cham-
ber forms an'airduel misture. This e,
drawnin by the piston's downward (intzka)
stroka, flows into the combustion ¢ham-
ber. 'During the upward (compreasion)
strake'of the piston this mixture is come-
pressed, and timed axternalighition from a
spark plug inilistes its combustion, The
neat energy refeased by this combustion
increages the compressed gas's pros-
sure, and itiis this combustion pressure
which | delivers  the  mechanical wark
through the piston and the: crankshaft
when the pision is foreed downward again
during its combustion {power) stroke,
After gach combustion (power) siroks, the
prstonagain reverses its directionand dur-
ing its upward {(exhaust] stroke forces aut
the buried gases. The 4-stroke oycle has
now becn completed. and begins again
vhen the piston draws & fresh charge of
air-fugl mixtire into the combustion cham-
ber during its hext downward (intake)
stroka. In matar vehicles, the gas cycle
takes place predominantly using the 4-
stroke cycle described above: one cycle
taking place every two revolutions of the
crankshaft

T hdait Sechiog Rreggh & spark-iniisn sngmd
ittt willi KEJerranit: (Phoin: Dajmle~en: AG),

The 4-stroke cycle in detail

st stroke; intake

2nd stroke: compression

3rd stroke: combustion (power]

dth stroke; exhaust

Cantrol of the gas cycle in & 4-utroke
sparkignition enging iz by means of
walvis which open tha intake and axhaust
passiges in ascordance with the cam.
shaft position,

Intake stroke

Intake valve: open

Exhaust valve: closed

Piston movement: dowinward
Combustion: none

As it moves downward, the piston
enlarges the cyvlinder valume and draws in
fresh air-fusl mizture through the open
intake valve.

Compression stroke

Intake valve: closed

Exhaust valie; clisad

Piston movement, upward

Combustion: initial phase (igniticon)

As it maves upward, the piston reduces
tha cylinder volums and compresaes the
air-fued mixture. The compression ratic is
in the order of between 81 and 194
depending upon enpine desigs. The high-
er the compression, the higher the engi
nets thermal efficiency and the better the

fual is Wlilized. The compression ratic is

limited by theengine’s actana requirement
{knocking limith, Knockin is the irregular,
dncontralied combustion' of the ighited
mixture accampanied by a farge prezgura
increase. Knock leads fo engine damage.
By means of uniform air-Tuel misture distri-
bution in the cylinder, and utilization of the
flow effects in the intake passage. as
well 82 Approprizte combustion-chamoer

dasign, thaknocking imitcan be shiftedta
parmit Migher | maximum  compression
ratios. Just befora the piston reaches TDG,
the spark plugignites the compressed air-
fuel misture and initiates the combustion.

Combustion(power) stroke

Intake valve: closed

Exhaust valve: closed

Fiston motion: 'downward

Gambustion: burn-thiough phase

After the spark plug has ignited the com-
pressed air-fuel mixture, the lamperatirs
and ‘the, pressiire increase ramidly. Tha
praseurs drives the siston downwaid, and
defivers work 1o the crankshall by way of
the conneating rod. This work is available
as engine powsr outpll. Power increasos
along with increasing engine spead, and
farthisreason s neCEssary o usa agear:
Do to efficiantly imatch tha Anging Bpocd

o the vehicle speed.

Exhaust stroke

Intaka valves closad

Exhaust valve: open

Pigtan mation: ugward

Combustion: none

Maoving upward, the giston farces out (he
burned {exhaust! gases through the npen
exhausl valve, After this Fourth atroke, the
oycla starts @gain. In practice, the valves'
opening timeas overlsp someshat inorder
lo utilize gas flow and hydrodynamic sul-
satians tor better charging and purging of
the eylinder.

TNamed after  Mikolatls August Oito,
1832-1881. Otio showed the first gas
engine with  compression  operating
actording to the 4-stroke principle atthe
1878 Faris World’s Fair.

|_2; Working slrokes of the 4-stroke spark-ignition engine

1 Intake

2 Comprassion

2 Combustiond power

4. Exfsust




Fuel management

Air-fTuel mixture

The spark-ignition | enging requires s
gpecific air-fuel ratio for s operation, The
theoretical air-fuel ratin is 14.7:1. Correc-
fion of the air-fuel ratio is required for the

wanous opemting condilions.

The specific fuel consumption of a spark:
ignition engine is dependent principally
upiantheair-fusl ratio. Thegretically, forfull
combustion and therafare minimum fusl
consumption; | the  greatest| possible
amount of excass air would be desirable;
but for reasons of flammability and the
himited time aveilable for combustion, this
i not possible For pontem porary engines,
miaximum fhel economy oocurs at an'airs
Tueel reitio of ap proximately 15 ., 18 kg air to
1 kg fuel. In other words, some 10,000
liters of air are neces=ary for the sombug-
tiary af 10 liter of fuel, The chemical miri-
mum for complete combustion 18 termed
the atoichiometnic ratid, andis 14.7:1,
Because vehicle engines are operated
most of the time a1 part load, they are
designad for maximum fel economy in

this range. For the other operating condi-
tions, such as idle and full load, midures
ara called for that are ficher in fusl The
fusl-management systom must be able 1o
muect thess varying requirements.

Air ratio

Toindrcate bow far the actual sir-fuel ratio
deviates from Lhe theoretical (14,71, tha
adir | ratio, denoted by tha Greek  letter
+(Lambdal has been choson:
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- aciual inducted air guantity
The::urctlcal a1f rEguirement

(AU

L=1
The actual inducted air quantity equals the
theoretical air réguiremant,

A=
Shortage of (&ir, | or (mixlure too | rich,
incressad power at 4 = 0,85 .0,05,

|
Excess &, orlean imixtureat (4 o=
105 ... 1.3, reduced fust cansumption and

reduced power

i [
The mixture will nolanger ignite, tha mis-
fire limit has bean exceeded.

L'=0,85..085
Spark ignition engines develop their maxi-
mum power at 5..15% air shortage.

AL
Maximum fuel sconomy occurs 'at about
20% excess air,

Aapprox 1.0
Ferfect idle operation at stoichiomistric
rekic.

A= 0.85...0.75

Gond transitions at 15, 25% air shortage.
*Transition” 1s defined as the changs from
agivenload rangatoancther. Forinslance,
framidia to part or Wl lokd. Good transi-
fion is uswslly  eynonymaous with good
anceleration,

Tha lliustrations show the dependence of
power spacific fuel consum ption, and pol-
lutants emission on the air ratio, As can be
saan, therais no single optimum air ratio at
wihich all factars araideal.

A= gL T
Inpractice, air ratips of 4 = 0.9
proved to be the most praclical.
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Fuel-Management
Systems

Fusl-managament systems, whetherof the

carburetor of fuel-injection type, have the
fask of producing the best pozaibla sir

fuel mixture for the particular cperating
condmons of the engine.

The carburetor or the fusl-injeclion system
prepares the air-fuel misture for the spark-
ignifion engineg: During the last few years,
the trend has become stronger lowards
manifold fuel-injection, This trend 18 sup-
parted by the advantages offered by fued
inpection in conpeclion with the deémands
for aconomy, efficiency; excellent drive-
ability, and low-poliution exhaust gas.

The reasons for these advantages liein tha
fact that manifold injection permite extre-
maly precise metaring of the fual as a fac-
tor of the operating and loading conditions
of the engine, while al the same time tak-
g environmental | condiderations | into
account. In the process, the composition
af the mixture 1= controlled so precisely
that the pollitant level in the axhauat gas
remaing low., Furthermaore, the allocationaf
an injection valve to each oylinder results
in improved distribution of the mixture.
Singe the carburetor can be dispensod
with, this means that the induction paths
can be designad o achieva the best-pos-
zible charging of the cylindar with air-fuel
mixtura. This leads ta a higher forgue,

Mechanical fuel-injection systems
The K-letronic is today the most wide-
spread mechamcal fuslinjection system.
It requires ma drive, and injects the fual
contineously, The K-letronig system is
described | in  detail in the | booklet
“K-Jatronic” in the | Bosch  Technical
Imstruction series,

Combined mechanical-electronic
fuel-injection system

The basic mechanical system from, the
Krletranic serves as tha basis for the
KE-Jatranic. Due ta the e dendad procass-
g of operational data, electronically
controllad aumlisry functions were incor
porated 1o adapt the injedstad fuel guantity
to the warious engine operating condi-
tioas.

Electronic fuel-injection systems
The L letronic and its variants are elecirg
nically controlled fusl-injection systamz.
Solencid-operated injection valves meter
the fuel intermittently o tha intake ports.
The system is descrbad in the booklel
"L-detronic” | in the  Bosch | Technical
Instriction series,

Combined ignition system and fuel-
injection system “Motronic"
Gasoline injection systems can only pro-
vide the answers to some of the problams,
In order fo.improve the overall combustion
procass, the ignition point must also be
adapted o the engine oparating condi-
fionz. The Motronic combines the ignition
gystem and the fuel-injection system, both
ot which are controiled by a single comput-
er in accordance with' cammon optimiza-
fion criteria. For more detsila, refer ta the
booklet Motronicinthe Bosch Techmcal
Instruction saries.

Advantages of fuel injection

® Increased fuel economy

With a'carburatar, or carburetors, the air-
fuel mxtures arriving at the individual
cylinders are different due to the air-fuel
separation which occurs inthe respective
intake passages. By forming a mixture that
provides even the most unfavorably locat:
ed cylinder with sufficient fuel, the typical
carburetor meters too much fuel overall.
Apart from this, during load changasa film
of fual is deposited an theintake-passaga
walls which is subzeguently vaporized
again. This leads to further unwanted

variztions in the mitures armving at tha
cylinders, and the result is excessive fuel
consumption and uneven cylinder load-
ing. On the other hand, both tha K- and
L-Jetronic systems allm.aln an individual
injection valve to each cylinder,

These valves ara centrally controlled, and
this ansures that all cylindars aréprovided
with the same; precisely controllied fuel
quantity at all timea and undar all condr
lrong. Mo moreand noless than is absolu-
tely necessary.

# Higher power output

latronic fuel-injection systams parmit opt-
mum intake-passage design, and by virtue
of the improved oylinder filling this pro-
vides higher torque. The gverall resulisare
highet specific power output and & lorgue
Gurve which better satisfies practical driv-
Ing reguiremanis,

# Immediate throttle response

Jefronic: systems respond o’ changing
load conditions virtually without any lag at
all, because the injection valves inject the
fuel dirgctly at the engine's imake valves.

& Improved cold start and warm up

Due to the pracise metering of the fuel in
gecordance with the engine temperature
and the cranking speed, starting times are
shorl and  the' runup toidle speed.
presants no problems.

Druring wearm-ug, the precise adaptaticn of
theinjected fusl guantity results insmgoth
running and immediate throftle response
along with minimum fuel consumphion.

& Low exhaust emigsions

The 'pollutant | concentrations in the
exhaust gas arg directly related to the air-
fuel ratio. If one wants 1o operate. the
engine at the minimumn: emissions point,
the fuel management systam must be cap:
abla of exactly mainiaining the corre-
sponding  air-fuel  ratice The K- and
L Jatronic systema are so accurate that
they provide the precision of mixture con-
trol which is necassary 1o comply with the
particular emission regulations.

B Garburetor, power 118 kW
1 Fual injection, power 190 KW
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