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MOTRONIC - Torque Guided Engine Management Sys-
tems to Meet Future Challenges in Emissions and Fuel

1 Abstract

Due to the social and legal require-
ments on the engine and the entire
vehicle the functional scope of modemn
Engine Management Systems (EMS)
has dramatically grown. As driving
forces of this ongoing process the re-
duction of fuel consumption and emis-
sions have to be considered - in the
past as well as in the future. But also
increasing comfort and diagnosis de-
mands lead to a further increasing
complexity of today’s and future EMS.
In order to securely control this com-
plexity a well structured functional ar-
chitecture in combination with physi-
cally based functions forms the neces-
sary basis.

With the launch of the MOTRONIC
ME7 Bosch introduced a torque based
functional architecture to meet these
requirements. This includes not only
the mentioned optimization of engine
performance and compliance with legal
standards on emission, fuel consump-
tion and diagnosis. As additional key
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factor the re-usability of components
and control strategies allows the ad-
aptation to strongly differing demands
in various markets, but also e.g. to al-
temative engine concepts, such as
Gasoline Direct Injection or Variable
Valve Lift systems. Eventually even the
integration of the engine control as a
subsystem into the functional architec-
ture of a vehicle control concept is pos-
sible.

Based on a brief description of the
torque based architecture — as the
system’s “backbone” — this paper de-
scribes the MOTRONIC M7, an Engine
Management System to meet the de-
mands of the Indian market. Coming
from the M7 system this discourse also
includes suitable solutions for essential
future tasks regarding exhaust emis-
sion standards and fuel consumption
reduction in the USA, Europe and Ja-
pan, based on Port Fuel Injection or
Gasoline Direct Injection. It also gives a
short overview conceming altermative



approaches for the control of the' pow-
ertrain or entire vehicle based on the
Bosch CARTRONIC, an ordering con-
cept which integrates the engine con-
trol into a vehicle controi system.

2 Introduction

Electronic engine management sys-
tems have emerged as indispensable
tools for meeting legal requirements,
such as emissions and fuel consump-
tion, as well as improving driveability of
spark ignition engines (start, warm-up
behavior, transient response etc.).

The output torque of a S.I. engine is
primarily influenced by the amount of
fuel injected. However, in casé of a
common S.I. engine the output torque
is controlied by the throttle (at a given
A/F-ratio the cylinder charge with fresh
air represents the engine load which
means, that the engine load can be
varied by variation of the mass airflow).
In addition the engine torque is influ-
enced by the ignition timing and of
course also by additional engine fea-
tures such as EGR, cam control, vari-
able manifold geometry or boost pres-
sure control for turbocharged engines.
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3 A Torque Guided System

Structure

3.1
the system architecture

Motivation for introducing

The task of an engine management
system for a S.l. engine exceeds by far
just injection and ignition control. Re-
garding additional functionality two

categories can be distinguished:

1. Engine control functions such as
start control, idle speed control,
limitation of the maximum engine
speed, catalyst heat-up by the en-
gine (by means of increased ex-
haust temperature due to artificially
deteriorated engine efficiency),

boost pressure control for turbo-

charged engines, as well as the
protection of peripheral components

(exhaust manifold, catalyst,.) from

overheating, etc.

2. The interaction with superimposed
drive train and vehicle dynamic func
tions such as driving comfort func
tions for damping load changes or
surging, cruise control, limitation of



the maximum vehicle speed, the opti-
mization of gear shifting in case of
transmission control, vehicle dynamics
control (i.e. prevention of undesired
yaw acceleration to the vertical axis of
the vehicle), traction control, etc.

3.2 Previous situation

In previous engine management sys-
tems the described (sub-)systems di-
rectly influenced the torque-relevant
control variable of the engine control

system (figure 1):

e the cylinder charge by directly influ-
encing the throttle angle

e the amount of injected fuel by di-
rectly influencing the calculated in-
jection time and/or the request of
fuel cut-off

e the engine efficiency by direct ad-
justment of ignition timing

e the desired boost pressure control-
ling the boost pressure actuator
(waste-gate) in turbo-charged en-
gines.

By directly influencing the basic and
additional torque influencing parame-
ters the complexity of the complete
system drastically increases. Since
many of these interactions occur si-
multaneously, it's difficult to predict the
effects on the overall system. If torque-

relevant control values are directly re-
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quested from-one' of the systems or
subsystems shown in fig.1, the various
interactions influence each other. This
requires a complex and iterative data
calibration of the EMS-subsystems or
even the entire systems regarding the
various ECU’s installed in a vehicle.
These uncoordinated interactions of
different intemal and extemnal (sub-)
systems incorporate significant disad-
vantages:

Since above mentioned interactions
frequently occur simultaneously, a pri-
oritization is required. However, since
they take place in the various functions
and (sub-)systéms, the effects on the
complete system cannot be clearly
overseen. This especially applies if
parameters in single stand-alone sys-
tems are modified, or if a new feature
such as variable valve train or Gasoline
Direct Injection requires the modifica-
tion of additional (sub-)systems.

If torque-influencing control values are
directly given by means of above men-
tioned functions or (sub-)systems, it
adversely affects the data calibration of
the various ECU's installed in the vehi-
cle. This is caused by the interaction of
the various operations due to the re-
spective shift of the operating point, as
well as the necessity to adapt engine-



specific parameters (throttle angle or
variation of the ignition timing) in non
engine-specific systems such as trac-
tion control or vehicle dynamics control.
There are also strong interdependen-
cies of the parameters to be calibrated
within the (sub-)systems. The selection
of the ignition angle during catalyst
heating, for instance, influences the
respective cylinder charge and, there-
fore, the pilot control of the idle speed
control system.

3.3 Torque guided system archi-

tecture

With the introduction of the worldwide
first torque guided engine management
system in fall 1997, the MOTRONIC
ME 7, the engine torque has been in-
troduced as a central intermediate
value to solve this situation /it 1, Jit 2/.
Based on this physical value, all de-
mands can be coordinated before the
optimal conversion to the respective
engine control values takes place (crit_e-
ria such as emissions, fuel economy
and protection of components are con-
sidered). This means, that interfaces
within single functions as well as be-
tween (sub-) systems are defined as
torque or efficiency, enabling a traris-
parent and simplified system architec-

ture (figure 2):
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In an initial step, all torque demands
are coordinated in a central module
and reduced to a resulting torque de-
mand, considering the actual required
engine efficiency. Besides driver's de-
mand, the torque demands of both the
(sub-) systems of the engine control
system and superimposed vehicle con-
trol functions are considered.

As a second step, the resulting torque
demand is converted into the available
torque-influencing control values, which
are the throttle angle (in case of a
drive-by-wire system with an Electronic
Throttle Control ETC), the injection
time, the ,pattem” of the injection deac-
tivation (for torque reduction, the fuel is
not injected into all cylinders), the igni-
tion timing, as well as waste-gate con-
trol for turbo-charged engines. In addi-
tion to this, emissions and fuel con-
sumption are minimized as well.

This torque guided system architecture
offers significant advantages:

e Improved accuracy when con-

verting the demanded torque

Based on a torque model the most im-
portant torque-influencing values are
considered, such as cylinder charge,
engine speed, ignition timing, mixture
and torque losses. When executing the



torque requests the current values of
these torque influencing parameters is
taken into account. So the demanded
torque can be generated more pre-
cisely.

o Simplified application of all con-
trol modules installed in the vehi-

cle

The basic mapping of ‘engine-specific’
parameters is exclusively carried out in
the engine control system. Therefore,
in case of engine modifications, only
the engine management system is af-
fected.

This means there is no direct adjust-
ment of the ignition angle required
(which would iead to different torque
reductions, depending on the chosen
base ignition angle), if, for instance,
utilizing an electronic transmission
control system improving of driveability
while gear shifting is requested. The
transmission control rather directly de-
mands for the reduction of the torque
which is then processed by the engine

control system.

o Simplified application within sub-

systems

Since, with previous systems, é.g. the
‘engine catalyst heating’ function di-
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rectly influenced the ignition timing and
airflow or throttle angle, the pilot control
of the idle speed control system (with
the appropriate airflow or throttle angle)
had to be determined and then adapted
during recalibration, after a modification
of the ignition timing. With the new pro-
cess torque demands are directly cali-
brated, which simuitaneously affect
both control paths.

e Simple modifications or additions
to the complete system

The prioritization of additional sub-
systems can be handied by the coordi-
nation block (e.g., limitation of the en-
gine performance for specific markets).
It is also possible to extend the conver-
sion block in figure 2 by additional out-
put signals (such as variable valve lift ),
as well as to consider additional oper-
ating conditions for coordination of the
various control signals (e.g., torque
control during the transition between
homogeneous and stratified operation
by Gasoline Direct Injection).

3.4 Adaptation to systems w/o
Electronic Throttle Control
(ETC)

To use the advantages of a torque
guided system structure also in an en-



gine management system w/o an ETC
the introduced system architecture has
also been adapted to a system with an
Idle Speed Actuator (ISA). Besides
targeting the mentioned advantages
this common system structure allows to
generate an EMS family with common
features. So similar functions and ana-
log calibration strategies can be found
in a simple basic system as well as in a
top level system, e.g. a control of a
powertrain including a Gasoline Direct
Injection engine and a Continuously
Variable Transmission.

A system with an ISA is characterized
as follows:

¢ The cylinder charge with fresh air is
mainly controlled directly by the
driver, the EMS can only control this
charge within a sfnall operation
range defined by the maximum air
mass flow through the ISA.

e The EMS has no direct information
on the current value of the engine
output torque requested by the
driver.

Adapting a torque based architecture to
an EMS with an |dle Speed Actuator
means, that the EMS can only modify
the output torque generated on driver's
request within the operating range of
the ISA. It therefore
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e determines an internal torque value
which increases or decreases the
driver's torque request considering
all other torque demands (e.g. from
the idle speed controller).

o It therefore calculates the current
torque value requested by the

driver out of the current engine out-

put torque taking into account pres-
ent friction losses, and, of course,
the current output value of the
above mentioned torque controller.

When computing the engine output

torque (representing the system'’s

“backbone”) a torque model is

used. Considering, that all torque

influencing parameters are well
known in the system (either as
measured values or calculated
based upon additional models) for
modeling the engine output torque,
exactly the same algorithms as in
the drive-by-wire system can be
used (for detailed description of
these

Nit 2/).

algorithms see /lit1/ or

This results in an EMS structure (figure
3) which is very similar to the structure
described in chapter 1.3. As an addi-
tional input variable the central torque
demand coordinator receives the cur-
rent value of the drivers request, gen-
erated in a block with the current en-
gine speed and cylinder charge with



fresh air as main input variables. Based
on this “driver's torque request” and
considering the other torque demands
(from EMS intemal subsystems or ex-
temal systems) the needed torque
variation can be calculated and is then
transmitted to the torque conversion
block. Using the mentioned torque
model this block calculates the control
parameters ISA duty cycle, injection
time, cylinder individual fuel cut-off and
ignition angle.

That means that in the entire EMS fam-
ily the same or very similar models and
control functions are used; this results
in the same or very similar calibration
strategies within the EMS family. Simi-
lar functionality and same calibration
methods are used in a simple basic
system as well as in a complex high-
end system and are prerequisites for
the use of an EMS family in a wide
range of applications.

4 Family of Engine Man-
agement Systems

4.1 The M-Motronic

System Overview

Figure 4 shows a Motronic system

overview with the main sensors and

actuators - here shown as the genera-
tion 7 (M7-) system. The M7 represents
our newest base system. It is ready to
meet the future requirements on engine
control and diagnostics for smaller en-
gines and EU IV or ULEV | applica-
tions. It does not include ETC, the idle
speed is controlled through an ISA.

Based on the set of sensors and ac-
tuators and the performance of the 16-
bit electronic control unit, the M-System
integrates all functions to control a
modem S.l.-engine. Due to the sys-
tem’s modularity very different system
configurations can be realized. For ex-
ample, systems with different sensors
for cylinder charge determination (air
mass or speed density), engines with or
without EGR, and engines with variable
intake geometry are.possible. The main
system features are as follows:

e The engine torque management
which controls all torque influencing
actuators besides the driver.

e An A/F ratio control with a central
A/F manager, including the A/F pilot
control, the closed loop control to
be realized with an oxygen sensor
upstream the catalyst and a trim
control, based on an oxygen sensor
downstream the catalyst.

e Sequential, cylinder-individual fuel
injection.



Ignition timing, including control of
dwell angle and ignition angle.
Cylinder-individual knock control.
Idle speed control with an Idle
Speed Actuator.

Emission control functions for opti-
mized emissions during cranking,
start and afterstart which enable the
realization of different catalyst
warm-up strategies, using a lean or
a rich mixture including exhaust gas
recirculation (EGR) and secondary
air injection (SAI) control, if neces-
sary .

Canister purge control based on
canister charge.

Diagnostic and monitoring func-
tions: The system integrates the
complete OBD Il and EOBD func-
tionality to meet diagnostic require-
ments in the U.S. and in Europe.

A monitoring svystems supervises
the idle speed controller under all
operating conditions and reacts with
an appropriate limp-home function-
ality in case of a failure.

To communicate with external sys-
tems, such as a transmission con-
trol system -or a vehicle dynamic
control system, torque demands
can be received via a torque inter-
face, realized through the CAN bus
system. Therefore the EMS is able
to process external torque demands
within the torque manager.
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¢ Resonance flap actuation.

¢ The system contains the necessary
interfaces to application tools, end
of line programming tools, service
and SCAN-tools.

¢ Immobilizer interface.

e Additional customer defined func-

tions as required.
4.2 The ME-Motronic

System Overview

Figure 5 shows an ME system over-
view with it's main sensors and actua-
tors. In addition to the comp‘onents of
the M-Motronic, the ME-Motronic sys-
tem comprises of the ETC related ele-
ments, which include the accelerator
pedal module to interpret the driver's
request, the throttle actuator for cylin-
der charge control, which also makes
the Idle Speed Actuator obsolete, and
the cruise control lever. So this system
offers all opportunities of a drive-by-
wire-system.

ADVANTAGES OF AN ETC-SYSTEM
Decoupling the driver's request from
the throttle actuation leads to distinctive
system improvements /it 3/:

o Improved driveability, caused by
a programmable accelerator pedal
characteristic and additional func-
tionality to manage strong engine



load variations (e.g. heavy tip-in,
sudden deceleration).

¢ Integrated cruise control

o Compensation of torque losses,
e.g. during catalyst heating: A
rapid catalyst heating by means of
engine related measures requires
a strong ignition retard in combi-
nation with an increased air mass
flow in post start and early warm-
up operation. Without a drive-by-
wire system this leads to a devia-
tion in the engine’s response when

the driver expects a certain engine
output torque at a given accelera-
tor pedal position. Decoupling the
throttle position from the pedal po-
sition allows to compensate for
this deviation (figure 6) and /it 3/.
Thus the system with ETC can
adapt to the same “pedal feeling”
for the driver.

e Last but not least: ETC is a dis-
tinctive prerequisite for an inte-
grated powertrain management
Nit3/ or a Gasoline Direct Injection
(see next chapter) or a vehicle dy-
namic control system.

4.3 The MED-Motronic

In a system with Gasoline Direct Injec-
tion (GDI) the fuel is no longer injected
into the intake manifold but directly into
the combustion chamber (figure 7).
This enables the generation of an in-

homogeneous mixture and thus a reali-
zation of a very lean mixture (up to
A=4). Generating an inhomogeneous
but ignitable mixture requires a more or
less stoichiometric mixture in the area
of the spark plug. To realize this an
excellent fuel spray with small droplet
size and an appropriate spray geome-
try is requested. That means spray ge-
ometry and mixture transport (realized
by means of mixture motion inside the
combustion chamber and piston ge-
ometry) are the key elements for a ro-
bust combustion. A sufficient droplet
size requires an increased fuel pres-
sure (up to 12 MPa) and therefore a
fuel supply system which differs from
the conventional Port Fuel Injection
system.

System Overview

Based on the ME-Motronic with an in-
tegrated Electronic Throttle control fig-
ure 8 shows the next step within the
BOSCH EMS family. The MED-
Motronic integrates a high-pressure fuel
system (figure 9) consisting of

a high-pressure fuel pump (in addi-
tion to the low pressure pump),

¢ the high pressure fuel rail,

¢ the high pressure injectors,



e the pressure control system (pres-
sure sensor + pressure control ac-
tuator), and

e the ECU with the integrated power
stage for the injectors

To control the exhaust aftertreatment
system for lean mixture the system
(figure 8) utilizes

e a wide band oxygen sensor up-
stream the pre-catalyst (— determi-
nation of A for closed loop control
and system monitoring)

e an exhaust temperature sensor (-
needed for NOi-emission control-
ling and diagnosis of pre-catalyst)

e and a conventional oxygen sensor
downstream the NOx trap and main
catalyst-(— control of NOx-trap and
pilot control).

Advantages of a GDI System

The major advantage of a GDI system
is it's potential for fuel consumption
reduction. Worldwide, there are ongo-
ing debates conceming the reduction of
CO: emissions - in Europe currently
focusing on a target value of 140 g
COJ/km for the total vehicle fleet in the
year 2008. That means a reduction by
25% based on the fleet emission of
1995.
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Regarding the purely engine related
fuel economy measures all currently
discussed concepts aim to reduce or to
even eliminate the fundamental disad-
vantage of throttle losses of the S. I.
engine at part-load. This applies to the
Gasoline Direct Injection /lit 4/ and /lit
5/, the variable valve train /lit &, and to
the so-called down-sizing concepts /it
7/ as well. Also combinations of these
concepts are in discussion.

As most promising single measure the
Gasoline Direct Injection represents a
particular chance. In consequence,
Bosch is developing the components
and the control strategies for a direct
injection system, utilizing the torque
based architecture described in the
previous chapters. Thus, the customer
enjoys the advantage of approved
structures and functions as well as the
benefits of a complete out-of-one-hand
system.

Many publications on the fuel economy
potential of Gasoline Direct Injection
were presented in the last years. The

results at Bosch demonstrate, that

- based on stratified charge at part-load,

the fuel consumption can- be reduced
by 15 % in the New European driving
cycle. /lits/



Stratified charge means operating the
engine with excess-air. By optimizing
the air flow in the combustion chamber
in combination with the directly injected
fuel an ignitable mixture is generated
and brought directly in the area of the
spark plug. The first vehicle equipped
with a Bosch GDI system will go into
production during the next year.

System Structure

Referring to figure 3 and the ME-
Motronic the fresh air charge is defined
as main variable to affect the output
torque of a S. I. engine with port injec-
tion. In consequence the throttie angle
is the main correcting-variable since we
have a fixed coupling between fresh air
charge and related fuel quantity (stoi-
chiometric system).

For the direct injected engine, however,
the fuel quantity (correcting-variable:
injection time) represents the main path
affecting the torque. Thanks to the
torque guided structure this can easily
be realized (figure 10). It is sufficient to
merely adapt the torque conversion to
the direct injected engine. Besides the
obviously modified priorities of the pos-
the
torque model has to be adapted to the

sible correcting-paths related
direct injected engine as well. The

modified torque model considers addi-
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tional parameters, such as the position
of an intake swirl flap or the injection
timing.

5 MOTRONIC as a Subsys-
tem

As already discussed the BOSCH
MOTRONIC family has a modular
structure and entails in addition the
following prerequisites facilitating indi-
vidual extensions:

- Torque based functional struc-
ture

- Central coordination of torque
and A/F-demands

- Physically based functions

- Encapsulation of components
and controller hardware |

The engine control functions are based

on a natural physical description.
Physical values — especially at the in-
terfaces of the individual functional
modules — enable the adaptation of the
whole system to the different strategies
of emission and fuel consumption re-

duction.

The encapsulation of components and
microcontrollers is quite important since
it-allows an easy adaptation of the pro-
gram to different components and the
reusability of the complete control func-



tion related software for different mi-
crocontrollers. Thus the individual com-
ponent and the related software driver
inseparably grow close. Whenever a
component is substituted by another
one the accompanying software driver
will be replaced as well. In conse-
quence, the interface towards the.sys-
tem belongs to the software driver.

In order to further improve fuel con-
sumption, comfort and safety, EMS like
the MOTRONIC will increasingly be
networked with other systems for coor-
dinated powertrain or vehicle propul-
sion control. The resulting system net-
work communicating through a car-
wide web will even further stress the
question how to manage functions and
programs and how to keep them accu-
rate.

Adaptive Cruise Control is an example
for such system networks. Based on
the evaluation of additional radar sen-
sors this system accelerates or brakes
the vehicle in order to maintain a safety
distance to the preceding car. The net-
work functions are featured by utilizing
complete  subsystems like the
MOTRONIC as actuators and informa-
tion providers, thus indirectly leading to
a multiple use of sensors and actua-
tors.
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in order to safely control this growing
complexity of technology in the future a
functional architecture forms the nec-
essary basis. Functional architecture
means fundamental conventions, how
the system is divided into subsystems,
how these subsystems interact and
which axioms these modular structures
are subjected to. Only if such functional
architecture is agreed upon, individual
functions can be re-used on a modular
basis and altemative solutions ex-
changed for identical job steps.

Stepping from the MOTRONIC as a
pure engine management system to a
car wide web the following needs oc-
cur:

¢ Regarding the integfation into a
future vehicle control system an or-
dering concept to systematically
build-up the vehicle control network
is required. Under the name of
CARTRONIC this ordering concept
has been developed and presented
on different conferences by Bosch
/Jlit 8/ and /lit9/.. (figure 11).

e The EMS itself has to separate all
functions which are defined to be
part of other blocks in this ordering
concept (e.g. the interpretation of
driver's request being part of the
block “vehicle and brakes”). In addi-
tion, one single common interface



between the engine control and the
superimposed powertrain manage-
ment has to be found. A common
interface valid for S.l. engine as
well as for diesel or hybrid engines
has to be developed (figure 12).

A first step towards such a concept is
the coordinated powertrain control (fig-
ure 13), including engine, clutch or
tdrque converter and transmission. The
characteristic of the powertrain control
can be adapted to the driver, the driv-
ing situation and the running conditions
in order to achieve the best possible
vehicle operation, regarding fuel con-
sumption, driving safety and comfort as
well as exhaust emission. The archi-
tecture of the coordinated powertrain
control is then designed for modular
implementation of the control functions.
Hence it is suitable for different con-
figurations, comprising powertrain con-
cepts with S. |. or Diesel engine, con-
tinuous (CVT) and multistage transmis-
sion (automatic or automated shift).
Likewise, the related application data
are physically based in order to support
a fast and flexible adaptation of the
different configurations.

In this context vehicle subsystems like
the MOTRONIC must not only be ori-
ented towards the related unit (engine),
in the same way they must be able to
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be integrated into a superior vehicle
control system. The CARTRONIC con-
stitutes a possible concept for those
systems, in consequence the related
MOTRONIC interfface has been de-
signed accordingly.

6 Conclusion

A family of BOSCH Engine Manage-
ment or MOTRONIC systems is pre-
sented (figure 14). The Bosch M7- and
ME7-MOTRONIC with their unique and
advanced torque guided functional ar-
chitécture offer an appropriate answer
to meet today’'s and upcoming chal-
lenges on emission and fuel consump-
tion reduction. Modular structure, the
use of very similar physically based
functions over the total range of the
family and last but not least a coﬁ\mon
calibration concept offer a quick re-
sponse to an ongoing change in legal
and market requirements, especially
considering also the needs of a com-
pact EMS for smaller engines.

The decisive technical advantages of a
torque guided system are: improved
comprehensibility of the total complex-
ity, combined with decoupling of the
data to be calibrated, extension for
new system configurations (e.g. Gaso-
line Difect Injection), as well as a high

degree of interchangeability and reus-



able software (e.g. as base for software
sharing).

In the same way the BOSCH EMS fam-
ily allows to reliably manage and con-
trol the growing complexity of engine
control also in the future. At BOSCH,

similar structures will be aiso used for

Diesel control systems (which are natu-
rally torque guided). The
CARTRONIC®-conform design of a
drive train control system can be intro-
duced to a high degree ihdependently
of the engine concept. Therefore, this
concept offers a solid base for the in-
stallation of additional inteliigent control
systems in future vehicles.

91



Literature

/1/ Gerhardt, J.; Benninger, N.; He8, W.:
»~Drehmomentorientierte
der

Funktionsstruktur elektronischen

Motorsteuerung als neue Basis fiir
Aachener
Kolloquium, Vol. 2 - S. 817-849 Aachen
1997

12/ Gerhardt, J., Honninger, H. Bischof, H.:

Triebstrangsysteme®, 6.

»A New Approach to Functional and

Software Strucute for Engine
Management Systems“ SAE Technical
Paper Series 980801, Detroit 1998

/3/ Streib, HM,, Bischof, H.:
»Electronic Throttle Control (ETC): A
Cost Effective System for Improved

Fuel  Economy,

SAE Technical

Series 960338, Detroit 1996

/4/ Kiisell, M.; Moser, W.; Philipp, M..

Emissions, and

Driveability* Paper

»Motronic MED7 for Gasoline Direct

Injection Engines* SAE Technical Paper

Series 1999-01-1264, Detroit 1999

/5/ Krebs,R.; Spiegel, L.; Sticbels, B.:
»Ottomotoren mit Direkteinspritzung von
Volkswagen* 8. Aachener Kolloquium,

Vol. 2 - S. 815 Aachen 1999

92

/6/ M.Kliiting, R.Flierl, H.Unger, J.Poggel

»Drosselfreie Laststeuerung mit vollvari-
7. Aachener
Kolloquium, Vol. 2 - S. 973 ff. Aachen
1998

ablen Ventilsteuerungen®,

/7/ R. Kemmler, M.Krimer, M.Kiihn,
H.Lehmann: ,,Chancen und Risiken der
Hochaufladung Ottomotor*,
7. Aachener Kolloquium, Vol. 2 - S. 181
ff. Aachen 1997

/8/ K.Dieterich, W.Schroder:
»CARTRONIC an ordering Concept for

am

future vehicle control systems
CONVERGENCE 1998

/9/ H. Hiilser; K. Benninger; J. Gerhardt;
H.J.Glas: ,,CARTRONIC - Das Ord-
nungskonzept zur " flexiblen Konfiguri-
erung der elektronsichen Subsysteme im
Kraftfahrzeug”, Tagung
Umwelt ,98%, Graz 1998

»Motor und



\ 2Bl - 000 EIPUl IVS

® HOso8

|O4}U0D

(}
]
1
]
]
1
1
1
]
]
1
]
]
]
]
]
]
]
]
]
]
L]
]

JOJJUOD OIWEBUAD B|0IYBA

ojeb-a1seM\

|O1JU0D UoISSIWSURL |

<

Buiwn uonub)

syueuodwod aubua
}O uonoalo.d

<

P L

poaads 8|oiysA 3
paads auibus jo uogelw

mE_H uoloalul

-uonouny Buppsf-nuy

<

}JO-1N0 |ony
[enpiaipul JopullAQ

ceeaerfecdeceneecccccahersjiecaduededoeccccpk ool o,

(O

. bugesy 1sAjele)

| P e R L L TN

< s|bue a0yl

e e - ————————— - = == o]

_o._Eoo_ paads a|p|

|0JJu03 BsINID

- JaAuQ

uoijenlisS shoiAdid - anbioj auibu3g uo saduanjuj
swiv)sAg Juswabeuepy sauibug papiny anbio] - JINOH.LON

93



©® HOso8

¢ ainbid - 0002 ®elpul IVS

uopoetosd eujbuz o

< | iy )
jonuod ~ uopejwj| peads eujbu3 «
ajeb aysem ~ jonuod peads ejp] «

dn-peys sujbu3 .

awy uondaiu|

<

}0-1nd
|an} |enpiAIpu|

<
Burun uonub)

a|bue
9oyl

513 YUM swidlsAS |dd 10} ain)onaiS walsAg paseg anbio)
swa)sAg Juawabeuepy auibug papiny) anbio] - S)INOHILON




¢ einbi4 - 0002 elpul VS

| poads aujbue @ abieyd sapuljAd Juaun)

o5uod
ajeb aysem

own
uonoelu|

jo-ind
1en} “puj

Buiwn

uonub)

lojenjoe
poads
3Pl

9|bue apoaylL

013 o/m swidlsAs |4d
swalsAS Juswabeuepy

10} ainjonJ)s wivisAg paseg anbuoj
ouibuz papiny anbio] - JINOHLON

95



p @Bl - 000Z BIPU VS

& HOso8

aso o} Aeayeds Jun [oRuoD uossrusuel| = NOL NYD
SIUBUOGUIOD YISOF mm ,_a;mzé BaIY JOJOUOD = zma ML
SQuaUodwoo uogEInAAOeY Sen) Ismeyd = HO3

WOHES  \ursdg Addng jon ssaqumety = ST JOTIGOWL

wasAg sisoubeiq preoguo =

ieisiued uoqre)

S47H PuUe g0 Yim MaIAIBAQ wRlsAS LIN
swa)sAg Jusweabeueyy auibug papiny anbio] - JINOHLOW




® Hosod

G amnbi4 - 0002 eIpu| VS

NYD
weyskg Aiddng jonJ ssejwniey = SJTY
Sueuodwoo ysog ) wajskg ssoubeig preog-u) = (80 STHIOUW
Q80 Joj Ayeayi0ads sjuaLiodiuod yosog joquoo obeyo-suibus Juosda3 = SYO3
PR 3jnpow : @
anpows epad o VR dwind jon 4 duiie] 10)201puil UOROUNBIN
HIOSORE ' - 5 . : rommm—— s S0RJAW SISOUBRIQ)
JOsUes
amssad yueL - o3
SABA-HOT
(svo3)
S0P SfJ0I|
anen e | s (O 108U3S
Aiepucosg g A piojueu: ayeju
o = NeA OIS
duwind e N
Aiepuooas [eolof3 JAISIED UOQUED)

S47d pue 40 ‘013 yim 3N di1uodjo
swa)sAg Juswabeuepy auibug papiny) anbio] - H)INOHLON



& Hosod

g ainbi4 - 0002 eIpU| 3VS

uomsod [epad <«—— uopisod [epad <—— uolysod |epad
o} buipioooe ouBwW %001 0 %00 | 0
-014210}S Spiemol H4V - oujawolgoioys| 0 o
pJiejel 2 >
uoniubi jo uononpal - 5 e
:uonesado anbioy ybiH () g4y Ues| @ M, m,
- J
uonisod |epad piejal uoiub) €9
ualb je buiuado @ ®

8[110Jy) pasealoul -
:013 Aq uonesuadwo) @)

uonyisod jepad uanb
Je anbio} paonpail {
aJniXiw ueg| +
psejas uonubj ()

0

-
uoiusod
oIy L

<«——— 9nbio} auibug

%001

walsAS 113 ue yiim sasso] anbio] jo uonesuaduwio)
swia)sAs Juawabeuepy auibuz papiny anbio] - JINOHLON



® HOso8

./ 8inbi4 - 0002 eIpu| IYS

Ayswoab uoysid pue 9)0J]s
uonow abieyo Aq uodsuel) ainixin ayelul 8y} JoA0 pyodsuel) ainXiy

uoioaluj 10911qg auijose uonoaluj |an4 Jod

saulbu3g ‘I's 10} sidasuosn uonosslu] jon
swid)sAg Juawabeuepy auibug papiny) anbio] - HINOHLON



g ainbi4 - 0002 BiPU| VS

® HOSOo8

sjusuodwod yosog

NVO

J8ZIj1qOW W)

&

duse] Joyeaipul uogounjiep

(syo3)
adinep

ajoy |

A aajea abind

« goejieiul sisoubeig

yun jo4u09
21u01}98(3

j0suas ainjeiadws}
Yum J3)8W SSBW iy

Jejsiue)

(181) 1G9 10} Ajeoyioads
105U8S sjusuodwos yosog MR
uabAxQ
< BB dwnd ainssaid moj
Jous ajnpow A1eAysq
1sfjejes
XON
J08U8S
ainjeiedwe)
1sneyxs
) 8Al_A-HD T
shieieo-aid\ . | )
j08uas
oSuas o
(ns1) dway Yooux
10SUBS #
uabixQ N
% MM...
=53 )0SUSS
W— plojiuew
10SUAS BINSSAId & -ONeI|
\ 4
| 109 voyuby
J0suas aseyd 10)90luj

pel jen4  dwnd ainssaid ybiy

181SIUBD UOQIBD

uonoaluj 10a.1q auljoser) 10} /3N d1uolion
swal)sAs Juswabeueyy auibug papiny anbio] - JINOHLOWN

100



| . S ® HOso8

6 8inbi4 - 0002 BIpuU| IVS

NH3 pue sjuauodwo) ainssaid YbiH - 2a3aN
swa)sAg Juswabeuepy auibu3z papiny anbio] - JINOHLOWN

101



o1 ainbi4 - 0002 BlpuUl VS

® HOsod

<

[ouod
ayeb aisem

swn
uonoalul

<
TLELE

|any [enpiaipu|

Amc_s_u uonub)

<
a|bue ajpoay L

fouarony3 a

|041u09 paads a|p| «

Buneay i1shjeed «

dn-ueys auibu3 «
spueuwad

Aosuaioyyg

uonoajosd auibul .
uonejwi paads auibu3 .
joJ3u0D paads a|p] «
dn-peys auibug .

spuewad
anbio] jeusalu|

Aupiqeaanq .
[01}u0d
J1weuAp 3|21YaA «
poads
9JOIY3A JO uoheywi] «
JOJUOD BSINID »
JOALQ -

spuewa
anbio] |eusdix3

swaysAs [@D 10} ainjonas walsAS paseqd anbiol
swa)sAg Juswabeueyy auibuz papiny anbio] - JINOHLOWN

102



L1 aunbi4 - 0002 elpu| IVS @ :umom

"010 ayelq
ajewl|) + Juoisindoid « XOQIBOK) «—
Ae|dsiq + 18UBAU0D)
Aajeq « AUNQISIA +— SISSBYD «— JUIINID «—
Kiajes uednoao «
10]eUldB)|Y «— 192Z1|1qOWiILL| +—| BunoslS «— auIbug «
g

wajsAg lous | |
Aiddng [eouoe|3 pue Apog UOIION SIDIYBA Hun Jomod

(19A87 9191YaA) oM @PIM JeD - JINOHLHVYD
swialsAg Juawabeuepy auibug papiny anbio] - S INOHLOW



2 anbid - 0002 BIPU 3VS

spuewsap anbio)
feuisjul SN3

104

spuewaq
Kouspoyya

aoM SPIM 189 ul walsAsqng se 21uoJloN
swa)sAg Juswabeuepy auibug papiny anbio] - JINOHLOIN



CARTRONIC - Car Wide Web
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