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FAREWELL

Dear Reader,

Most of us find it difficult to say goodbye.
Certainly when changing jobs or even
when leaving our favourite holiday resort.
But saying “farewell” to a person we like
and respect is a much harder task.

At the end of the year, our publisher Dr.
Richard van Basshuysen, who has accom-
panied the development of ATZ and MTZ
for two decades, will be leaving. During
this time, his achievements in advancing
technical progress in our field have been
extraordinary.

It is, of course, quite impossible in these
few lines to give a comprehensive appre-
ciation of the life work of this exceptional
engineer, journalist and author. Therefore,
I would simply like to recall two points
from his time as Head of Development at
Audi that made a lasting impression on
the German automotive industry. As a
pioneer of TDI technology, it was he who
first launched the direct-injection turbo-
charged diesel engine into series produc-
tion. As a result, it was Dr. van Basshuysen
who laid the foundation stone for the
overwhelming success of the diesel engine
in passenger cars, even in the luxury class.
What is more, as Head of Development
for premium class vehicles, he went on to
conquer this class with the predecessor to
the A8, the V8, which was an important
milestone on Audi’s long journey into the
premium segment.

Dr. van Basshuysen brought his expertise
and contacts from his time in industry
with him when he joined ATZ and MTZ.
Benefiting from his untiring support, my
predecessor Wolfgang Siebenpfeiffer suc-
ceeded in turning these magazines into a
modern technical media family, including
what has since become an extensive
range of books published by us.

ATZ 1212010 Volume 112

As a young man, having just joined ATZ
and MTZ in the early 1990s, Richard van
Basshuysen impressed me above all by
the way in which he was not only open to
new ideas - and surprised us with many
of his own - but also insisted on absolute
perfection when it came to putting these
ideas into practice. His boundless energy
motivated us, and perhaps even over-
stretched us occasionally. In short: He
was a good mentor to us.

Now, as our paths go separate ways, we
not only give him our heartfelt thanks but
also bid him “farewell”, in the truest
sense of the word.

it

JOHANNES WINTERHAGEN, Editor-in-Chief
Stuttgart, 19 October 2010

EDITORIAL
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WHEN SENSORS COMMUNICATE
WITH ONE ANOTHER

The European Union'‘s target of halving
the number of deaths on the roads in the
period between 2001 and 2010 will unfor-
tunately be missed in many countries
despite the introduction of numerous
measures. The EU has already announced
its intention to abide by its commitment
to halve the number of motoring fatalities
in the decade ahead [1]. So further possi-
bilities must be examined which will ena-
ble a substantial improvement in road
traffic safety for all road users.

A clear safety advantage is to be gained
by preventive intervention in driving situ-
ations before a collision occurs. However,
preventive intervention in a traffic situa-
tion calls for very reliable observation and
assessment of the current traffic situation.
Therefore, the use of cooperative sensory
systems and cooperatively networked sen-
sors is ideally suited. Cooperative sensors
supply extended information about the
driving environment. This allows critical
road traffic situations to be identified as
they arise and then remedied effectively
using situation-dependent measures rang-
ing from targeted driver warnings through
to autonomous driving maneuvers.

Cooperative sensory systems can be
implemented in accordance with two dif-
ferent procedures: In the first of these,
”sensors“ carried by the road users deter-
mine their positions relative to one
another. This enables the movement path
of nearby road users to be tracked chrono-
logically and critical situations to be iden-
tified at an early stage. In the second pro-
cedure, the information gathered from
locally distributed sensors in the vehicles
or the infrastructure is exchanged via suit-
able communication networks. Both
methods are being researched as part of a
research initiative called Ko-FAS (which
stands for Cooperative Sensory Systems
and Cooperative Perception for Preventive
Safety in Road Traffic).

TARGETS OF THE KO-FAS
RESEARCH INITIATIVE

Ko-FAS is a research initiative promoted
by the Federal Ministry of Economics and
Technology which focuses on cooperative
technologies. The project is costing some
25 million Euros and involves 17 partners;

AUTHOR

DIPL.-ING. STEPHAN ZECHA

is Coordinator of the Research
Initiative Ko-FAS and also Project
Manager at Continental Safety
Engineering in Alzenau (Germany).

it is one of the biggest national research
initiatives in the field of vehicle safety.

With its extensive expertise in the
development of vehicle safety engineer-
ing, Continental has been entrusted with
the technical coordination of the overall
initiative, and will be undertaking
research tasks in all sub-projects of the
research initiative. Other partners in the
project include BMW Forschung and
Daimler representing vehicle manufactur-
ers, and Delphi, Magna and Sick from the
supplier side, as well as renowned univer-
sities, research institutes and technical
colleges.

The technical focal points of this initia-
tive are the research into cooperative
transponder systems, as well as methods
of cooperative perception and the linking
of these cooperative sensor procedures
with effective protective measures on the
vehicle. The comprehensive, chronologi-
cally available information about the driv-
ing environment gained from the coopera-
tive sensors is used to recognize at an
early stage the potential risk of a collision.

FUNCTIONAL PRINCIPLE OF
COOPERATIVE TRANSPONDERS

A method using cooperative transpond-
ers is a promising procedure for deter-
mining the relative positions of road
users. This method is derived from the
secondary surveillance radar method
used for air traffic control; it has been
further developed and adapted for use in
road traffic. In this procedure, a position-
finding device located in the vehicle
transmits a coded signal into the traffic
environment. The signal is picked up by
the transponders which are carried by
other road users and then sent back to

personal buildup for Force Motors Ltd.
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the position-finding device after a pre-
scribed processing time. The transpond-
er‘s unique identification number (ID) is
attached to the response signal. Further
information about the road user‘s driving
situation can also be appended to this
signal and can then be applied to assess
the driving situation.

The relative position is determined via
two synchronized evaluation processes to
work out the relative distance and esti-
mate the azimuth angle. The functional
principle is illustrated in @.

The distance is measured using the
classic radar principle via round trip time
of flight measurement. By using a correla-
tion procedure in the position-finding
device, the total run time of the signal can
be determined precisely. As the process-
ing time in the transponder is known, the
distance can be determined from the
measured run time less the processing
time. The azimuth angle is determined by
estimating the phase shift of the returning
“wave front“. If there is an angle misalign-
ment between the position-finding device
and the transponder, as illustrated in @,
then the wave front occurs at the adjacent
antenna “patches” in different phases.
This phase shift - and therefore also the
incidence angle of the "wave* - can be
estimated by scanning the arriving signals
at the individual antennae and the use of
an approximation algorithm. This method
of measurement enables the position of
other road users to be recorded to within
a few centimeters. The key data of the
cooperative transponder system trialled as
part of the Amulett project [2] is summa-
rized in @.

However, other road users can be
detected and tracked chronologically not
just when line of sight is available. Even
concealed road users, for example pedes-
trians moving between parked vehicles on
the road, can be recognized and tracked.
In these cases, the deflection characteris-
tics of the existing electromagnetic wave
are utilized.

In order to use a transponder system in
a more complex driving environment, the
system must be able to identify and track
a minimum number of road users in par-
allel. This multi-user system is achieved
in two ways: firstly the individual road
user can be identified by its unique ID,
and secondly an adapted time slot proce-
dure is used which enables systematic

6
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(3] Principle of the cooperative perception
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(4] Cooperative perception in a crossroads area

interrogation of the transponder units in a
traffic environment. Ko-FAS makes provi-
sion for simultaneous management of sev-
eral hundred road users who, according to
their priority, can be interrogated at differ-
ent cycle rates. In order to ensure the ano-
nymity of individual road users, the code
of the transponders is changed erratically,
which means that misuse can be ruled
out.

COOPERATIVE ENVIRONMENTAL
RECORDING VIA NETWORKED
SENSORS

A further method of the cooperative sen-
sory systems is the bringing together of
locally distributed traffic environment
information via communication networks
to form comprehensive environmental
information. The basic method consists in

@ Predictive pedestrian protection with cooperative transponders
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exchanging object information from the
environment sensors of the vehicles via
communication links. The functional prin-
ciple is explained in ©.

In ®, an occlusion situation is shown
in connection with a breakdown vehicle
which can lead to a critical situation. The
situation can be detected by vehicle 1, but
not by the cornering vehicle 2. Vehicle 1
identifies the traffic obstacles with its
environment sensors and can determine
their position and further object
attributes. In order to be able to pass this
object information on to other road users,
the position of the identified objects must
be transferred to a global coordinates sys-
tem. To do this, the detected relative
object position is combined with precise
information about the vehicle’s own posi-
tion and orientation. This global object
information can now be passed on to
other vehicles in the traffic environment
via a suitable communications link. In
this case, the communicated data is
received by road user 2. Before this infor-
mation can be utilized, the "global“ object
information must be linked again to vehi-
cle 2‘s own position information. Road
user 2 is then able to identify the critical
traffic situation hidden from it and to
react to it with preventive measures.

The challenge in this method, in addi-
tion to ensuring reliable communication,
lies in determining the vehicles* own posi-
tions and orientation. To this end, high-
quality position determination procedures
are being researched as part of Ko-FAS. In
addition to various GPS-based methods,
promising procedures for determining
position are being looked at using land-
marks. Distinctive environmental points
detected by the environment sensors are
compared with mapped information
about landmarks which allows the calcu-
lation of the “global“ position.

An extension of the method of coopera-
tive environment recording is achieved by
adding information from infrastructure-
bound sensors. In crossroads areas in par-
ticular the complementary use of infra-
structure sensors affords a considerable
information gain in order to be able to
identify the traffic situation at cross-
roads, @. In the infrastructure-bound
cooperative perception, environment sen-
sors are distributed in such a way that
seamless recording of the traffic situation
in the area under observation is ensured.

7
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The object data thus determined is
brought together via suitable merge algo-
rithms so that a comprehensive “object
list“ of road users can be put together in
the observed area. This object list is dis-
tributed to road users in the vicinity at an
adequately high update rate via a ”"broad-
cast“ procedure.

AREAS OF APPLICATION OF
COOPERATIVE SENSORS

Cooperative sensor systems have some
outstanding unique selling points that
are of central importance for vehicle
safety applications. A major advantage is
unique object identification and classifi-
cation without costly identification algo-
rithms. At the same time, the informa-
tion exists at an early stage and in almost
uninterrupted chronological sequence,
which enables a far more reliable assess-
ment of the situation. In addition, the
systems enable precise position determi-
nation of other road users and, associ-
ated with this, the possibility of compre-
hensive observation of the traffic
environment.

Based on these properties, cooperative
systems can be used for manifold traffic
safety applications. In particular, use of
these systematic advantages is particularly
well suited to the areas of predictive
pedestrian protection and the all-round
safety of vehicles.

Pedestrian groups that are in particular
danger, such as senior citizens and chil-
dren, could be equipped with special
pedestrian transponders. Pedestrians who,

8

(6] Prototype of a transponder from the Ko-FAS project

(source: Technology University of Munich, Fraunhofer 1IS)

because of their specific motion capabili-
ties, are in particular danger would be
detected early in critical traffic situations.
Pedestrians as depicted in @ could also be
identified and tracked in occlusion situa-
tions. Preventive protective measures are
activated in this way in good time and the
accident is avoided, or at least the conse-
quences reduced considerably. Current
variants of such transponders are depicted
in @ which, however, will also be realiza-
ble in a later chip-based series solution as
an integral component. Integration into
clothing objects, satchels or even mobile
phones is quite conceivable. The possibil-
ity of detecting pedestrians in occlusion
situations was proven as part of the Amu-
lett project [3].

NECESSARY STEPS

Cooperative sensory systems have the
potential to increase road safety consider-
ably. This technology could therefore pro-
vide substantial assistance in the quest to
achieve the demanding targets set by the
European Union.

A precondition for the rapid achieve-
ment of a high level of effectiveness is a
broad-based market launch of such coop-
erative systems. The introduction of other
expensive vehicle safety systems such as
the provision of airbags in vehicles as
standard equipment has proved that such
comprehensive market penetration can
indeed be realized. Another important
factor is the provision of intelligent after-
market solutions for existing vehicle
inventories so that they can be retrofitted,

for example, with transponders. Added
value could be made available to users of
cooperative systems at an early stage by
providing a correspondingly equipped
”cooperative infrastructure®.

The introduction of transponders into
the traffic infrastructure could make a
major contribution to track guidance of
vehicles. Transponder installations at
unclear bends in roads provide an oppor-
tunity for guiding vehicles safely through
this traffic environment and, for example,
avoiding the vehicle coming off the road.
In addition, environment sensors could be
attached near complex traffic areas and
their traffic information passed on to suit-
ably equipped vehicles.

However, the crucial driving force
behind the introduction of cooperative
sensors should be their outstanding
features which allow them to identify
the traffic environment in detail. Early
identification of situations - including
hidden road users - and activation of
measures to avoid accidents before a
potential collision occurs would afford
an entirely new level of quality of road
traffic safety.

REFERENCES
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SPR4 — THE NEXT GENERATION
OF SEAT BELT PRE-TENSIONERS

A newly developed seat belt pre-tensioner from TRW uses a snake-like plastic piston instead of metal compo-
nents to transfer tensioning torque. The plastic piston is propelled through a tube by a propellant made of green
gas and then drives the spool via a pinion. The new concept allows a simpler yet very robust design as well as
compact packaging and is lighter in weight.
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INITIAL SITUATION

The first pyrotechnical seat belt pre-ten-
sioner was launched in 1981 at the
Geneva Motor Show and has since
become an established part of modern
restraint systems. TRW first offered its
own version of this seat belt pre-tensioner
as an optional feature on the W126 model
of the Mercedes-Benz S-Class. Triggered
by a control unit, the new type of safety
system was able to tighten the seat belt to
allow the passengers to be fastened more
securely in the vehicle and to be deceler-
ated sooner during a crash.

In 2002, TRW introduced the world’s
first reversible belt pre-tensioner with an
electric motor that was also fitted into a
Mercedes-Benz S-Class. By pre-tensioning
the seat belt in critical situations, for exam-
ple during a sudden manoeuvre, emer-
gency braking or when the vehicle skids,
the electric seat belt pre-tensioner activates
the restraint system to pull the passenger
into an improved seating position in the
event of an accident. At the same time,
drivers are given feedback about the driv-
ing conditions to enable them to adapt
their driving behaviour accordingly.

The latest advancement of the pyrotech-
nical seat belt pre-tensioner, for which a
patent has been applied for, is a simplifica-
tion of the design to transfer power without
limiting its functionality. In the “Snake Pre-
tensioner Retractor Generation 4” (SPR4), a

@ TRW snake pre-tensioner

retractor: simplified design with a
snake-like plastic piston

polyamide plastic piston is used instead of
metal bearings and toothed racks used in
conventional models. The name comes
from the snake-like design of the piston. By
using plastic materials, TRW has been able
to increase tolerance insensitivity, which
can also offer significant benefits for compo-
nent procurement and assembly.

DESIGN AND FUNCTIONALITY

Based on TRW’s ESA 4.0 retractor technol-
ogy, the SPR4 uses the housing, retractor
spool and spool bearing concept of the
existing model. The locking side and
sensor mechanisms are also almost
unchanged. The key to the new develop-
ment is the tensioning concept, in which
a plastic piston transfers a pyrotechnically
generated thrust onto a pinion which is
connected directly to the retractor spool,
@. The plastic piston is pressed into a
tube, the top end of which contains the
gas generator. To minimise installation
space, the tube is bent into the dimensions
of the retractor without constraining the
seat belt webbing. The modified pre-ten-
sioner housing guides the plastic piston
and acts as a storage chamber. It also
houses the components of the main drive
spring system. Apart from modifying the
pre-tensioning housing, the SPR4 consists
of only four new main components: the
single-piece thrust medium (piston), the
gas generator, the tube and the pinion.

11
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(@)

© The seat belt pre-tensioning process in detail

Additionally, all of the existing supplemen-
tary equipment for the basic ESA 4.0 unit
can be used such as different torsion bars
for constant load limiting, switchable,
declining or progressive load limiters as
well as child safety systems.

SEAT BELT PRE-TENSIONING
PROCESS

As soon as the vehicle’s sensor technol-
ogy triggers the belt pre-tensioner, a pyro-
technical gas generator is ignited. The
controlled combustion builds up pressure
in the tube, @ (a). This pressure acts on
the first end of the plastic piston facing
the gas generator and causes it to first
leave its guiding tube and then to engage
with the pinion’s teeth, @ (b). During the

tensioning phase, the plastic piston acts
like a toothed rack. The material is
exposed to highly dynamic conditions
and reveals a number of benefits.

Right from the initial contact, the pin-
ion generates a counter-gearing to pro-
duce a synchronised gear system that
effectively transmits power. The pushed
plastic piston is cogged along its entire
length and ensures efficient belt webbing
pull-in by transferring a significant torque
to the retractor spool, @ (c). After leaving
the contact area, the plastic piston is
guided by the housing into the final stor-
age position, @ (d). The single-sided cog-
ging of the plastic piston forced by the
pinion favours this operation as it brings
about a corresponding pre-curvature of
the plastic line. As soon as the end of the

1004 100% 2 max. pull-in SPR4

#

= Temperature

E W +85°C

o W Ambiant

E W -35°C

= .
; -
8 Time [ms]

(3] Stability of the webbing pull-in characteristics with changes in the ambient temperature
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plastic piston approaches the tube open-
ing, the gas is fed out of the pre-tension-
ing tube through defined outlets and the
pressure is released. The entire tensioning
operation takes only 10 ms.

BENEFITS OF THE NEW CONCEPT

Seat belt pre-tensioners have to generate
the tensioning torque quickly and reliably
with a stable level of force. The SPR4 is
particularly reliable due to the quick and
stable conversion of the applied green gas
even with fluctuations in temperature and
differences in the gas load. @ shows the
measurement results of the webbing pull-
in curves at various external tempera-
tures. The quick generation of the ten-
sioning force in the SPR4 is related to the
use of a plastic piston instead of steel
balls, with the result that the gas has to
accelerate only half of the dynamic mass.

One of the greatest innovative steps of
the SPR4 concept is the simplicity of its
design. As the pre-tensioning unit is
made up of a total of only four major
additional components, the system is
insensitive to tolerances. The steel tube
and the pressed-in single-piece plastic pis-
ton are easy to install, as the manufactur-
ing tolerances (component and joint toler-
ances) and ambient tolerances (tempera-
ture fluctuations) balance each other out
due to the elasticity of the snake plastic
piston without affecting the seat belt pre-
tensioner’s function. This compensation
enables higher component and assembly
tolerances, thus facilitating the worldwide
procurement and assembly of the individ-
ual components.
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ton’s kinetic energy is deflected in a
rotational movement, which is easier to
absorb in the compact rigid housing
cover. The impermeability of the housing
cover also facilitates the controlled venti-
lation of the hot propellant gas that is
effectively diverted away via the inward
facing holes.

Noise robustness has also been
improved. The simple design with just a
few components eliminates any rattling
noise. This feature is becoming more and
more important for passenger comfort in
an environment that is increasingly sen-
@ Example of the definition of the pinion tooth geometry sitive to noise. Due to the design, the
pressed-in and therefore reliably ten-
sioned plastic piston and the low number
of individual fixed components have a

One important aspect of seat belt ion. On the one hand, there is a smaller lower tendency to produce rattling noise
pre-tensioners is the dynamic threading mass to decelerate during this operation than steel elements inside a tube, for
engagement of the drive element (balls, compared with conventional systems due  example, especially when subject to high
toothed rack or plastic piston) into the to the design. On the other hand, the pis-  vibrations.

power transmission element (pinion)

that transfers the feed torque onto the

belt retractor. In conventional retractor

systems, it is known that lack of accu-

racy with this threading process may

result in reduced tightening performance.

Such a problem does not exist in the

SPR4 concept, as the pinion teeth inter-

sect exactly into the elastic plastic pis-

tons. One further benefit of plastic is its

damping behaviour: upon initial contact

with the pinion, it allows the peak of the

impact to be significantly lower when

compared with the conventional systems

in which two rigid steel elements impact

on each other. This results in less wear e : :

. O Qualitative comparison of simulated

on the components overall, which can be (above) and actually generated plastic

considered in their design. deformation (below) of the polymer piston
The new SPR4 from TRW is lighter

than conventional systems as a plastic

piston is used instead of metal drive

components. As the design of the guiding

tube for the plastic piston is fairly flexi-

ble, TRW has been able to make signifi-

cant improvements in terms of space and

packaging compared with conventional

concepts with a toothed rack. The pre-

tensioning tube is curved into the dimen-

sions of the ESA 4.0 basic unit, thus sim-

plifying the installation of the SPR4 even

for more demanding package situations

in a vehicle.
A further positive aspect is the fact

that the plastic piston is securely accom-

modated within the geometrically rigid

housing lid after having passed the pin-

ATZ 1212010 Volume 112 13
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1
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=
g (6] Comparison of
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Z ~  (green) webbing pull-in
Time [ms) characteristics

@ Total component model

VIRTUAL PRODUCT DEVELOPMENT

The appropriate sizing of the diameter,
length and material of the plastic snake,
the geometric design of the teeth of the
driving pinion and the overlap between
the pinion and plastic piston were mile-
stones in the implementation of the SPR4
concept. The challenge lay particularly in
designing and matching the individual
components to transfer energy efficiently
for many different load cases. Capturing
these complex, dynamic operations
required the development of models for
computer simulation and their validation
in a comprehensive series of measure-
ments. One particular challenge was in
describing the material behaviour of the
plastic piston, the load on which is at a
maximum when it passes over the pinion

14

subject to dynamic deformation. Teeth
are produced at high strain rates that
transfer a considerable torque to the
retractor spool when interacting with the
pinion, @.

This can have a number of effects
depending on the load and on the
selected design - from elasto-plastic
deformation to material abrasions right
through to teeth that are already formed
being pulled out and peak loads on the
pinion. TRW has been able to make a
qualitative prediction of these effects
with the aid of proper modelling of the
piston material. The material model was
validated during extensive measurements
(tensile testing at different strain rates,
quasi-static tensile tests with loading and
unloading cycles, pressure and shear
tests) at different temperatures (-35, +23

and +85 °C). During the tests, any local
elongation was measured visually with
the aid of an “Aramis” system and the
resulting flow curves were then used as
input variables for the “SAMP-1” (Semi-
Analytical Model for Polymers) material
model employed [1]. @ shows the quali-
tative comparison of the calculated
(above) and the actual plastic deforma-
tion (below) of the tested plastic piston.
A comparable formation of the teeth can
be observed for the pre-tensioning opera-
tion, where it is possible to predict the
partial tearing of the first tooth in the cal-
culations. The quality of the simulated
and actual webbing pull-in characteris-
tics is shown in @ as an example of the
correlation at the level of the full assem-
bly, @. The validated simulation model
has therefore made a valuable contribu-
tion to the design and further enhance-
ment of the new SPR4 concept.

SUMMARY

With its new SPR4 seat belt pre-ten-
sioner, TRW has managed to greatly sim-
plify the conventional belt pre-tensioner
while maintaining its functionality by
using a plastic polyamide body. In the
newly developed concept, the belt is pre-
tensioned by a pyrotechnically driven
snake-like plastic piston that is propelled
onto a pinion instead of the usual steel
balls or rigid toothed racks. The elasticity
of the plastic material that occurs under
the high dynamics of the pretensioning
operation and which has high rigidity in
a quiescent state compared to conven-
tional systems using ball or rigid toothed
racks offers significant benefits The phys-
ical properties of the chosen plastic ena-
ble fewer and simpler components to be
used, make their procurement and
assembly easier and improve the SPR4’s
functionality compared to conventional
systems. The development of the SPR4
required comprehensive computer simu-
lations and test series before individual
parts could be adjusted in terms of mate-
rial and geometry and their functional
properties.
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DEVELOPMENT OF
MARKET-SPECIFIC CONCEPTS

GKN Driveline takes China and India as
examples in this paper for the new situa-
tion that these automotive engineers are
now focussing on the new concepts. What
is an issue here in the emerging countries
is not so much competition with existing
systems, but the development of market-
specific concepts that do not exist in the
developed automotive world.

These new concepts occupy successful
market segments which are due for fur-
ther development to meet evolving con-
sumer demand. While today everyone in
Europe and USA is focussed on electrifica-
tion, large-volume markets in alternative
vehicles are growing almost unnoticed in
emerging countries.

INDIA

The first example is India where there is a
large market in small three-wheeled, and
increasingly, four-wheeled vehicles. @
shows the size of this market segment.
These are small delivery vans, taxis and
small passenger cars.

In line with the car market in India as a
whole, the demand for basic transporta-
tion, now amounting to approximately
650,000 vehicles, is growing at a signifi-
cant rate. A production volume of over
one million vehicles is expected by 2014.
This makes this vehicle segment, repre-
senting about 25 % of the total market in
passenger cars and light commercial vehi-
cles, an important opportunity for any
manufacturer of driveline components.

Driveline technology has traditionally
concentrated on rear-wheel drive with
independent rear suspension. An inte-
grated power set consisting of combustion
engine and manual transmission fits com-
pactly in the rear of the vehicle. Sideshafts
power the rear wheels directly. A typical
vehicle specification for a small delivery
van is shown in @.

Obviously, this is a vehicle designed
for local conditions in India. It is
intended to provide transport over short
distances at moderate speed. The tech-
nology used is tailored to the local con-
text and to workshop facilities for repair
and maintenance. The cost/benefit ratio
dominates all these requirements. Here,
however, a change is taking place
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CHALLENGES FOR THE
POWERTRAIN IN ASIA

In Asia, the second stage of powertrain development is now underway. After first adopting, and then

localising existing systems from the developed automotive world, automotive engineers are now focussing on

new concepts. Using the example jointed shafts for Indian small delivery vans and Chinese mini buses, GKN

Driveline shows here how the internationally set-up supplier solves the challenges in emerging countries.

because of increased maintenance
requirements, improvements in reliability
and the convenience of transport. The
need for frequent repairs is viewed as a
major drawback for today’s vehicles.

Although the technical divide with
respect to modern passenger cars has
widened, even in the small vehicles seg-
ment, maintenance-free technology is
widely expected nowadays. In addition,
demand for lower noise and vibration lev-
els is increasing with improved infrastruc-
ture and better roads. All these changes
have led to new developments encom-
passing engines, transmissions and
sideshafts.

The primary focus in the sphere of
jointed shafts is on improved kinematics
and low-vibration transmission as well as
reliable sealing to minimise lubricant loss
or the ingress of dust and water. @ shows
a comparison for sideshafts between con-
ventional technology and the newly-intro-
duced technology with constant velocity.

The traditional system uses bipode
joints and sliding blocks, which results in
significant non-uniformity of the transmis-
sion movement. This means that power
transmission is affected by vibration. The

ATZ 1212010 Volume 112

sliding-block solution works with high
sliding friction, leading to heating and
losses. Sealing by bellows with snap con-
nections allows for easy maintenance, but
also leads to regular seal failures in
operation.

850
0.7
4.0
0.6
30 03
2.0
1.0
0.0
2005 2011 2013 2015

The new tripod system overcomes all
the above disadvantages and represents a
maintenance-free drive solution giving a
high level of comfort. Of course, this solu-
tion is designed for the specification of
vehicles in this segment, as shown in @.

0.7
Light commercial vehicles
= Three-wheelers
m Passanger cars
2017

@ Size and growth in million units in the small vehicles segment in India (source: AMP, October 2000)
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FEATURE VALUE

Engine type Diesel, single cylinder, water cooled
Engine displacement 611 cm3

Maximum Power 11 hp

Maximum Torque 31 Nm

Top Speed 55 kph

Transmission

Four forward speeds and one reverse (synchro
mesh with cable shift)

Brakes

Hydraulic drum type

Front suspension

Independent McPherson strut

Rear suspension

Independent coil spring with semi-trailing arm and
hydraulic shock absorber

Steering Mechanical rack and pinion
Tyres 12-inch radial
Seating Driver plus four passengers

Fuel tank capacity

101

@ Vehicle specification of a typical Indian small
delivery van

CHINA

The second example is the Chinese mar-
ket, and in particular the mini bus seg-
ment. This is growing at an astonishing
speed and is not merely the best-seller
among passenger vehicles and light
trucks, it represents one third of this seg-
ment. A typical example of this is shown
in @ as a mini bus. About 800,000 vehi-
cles in this segment were built in 2009.
This vehicle concept uses very simple
drive technology with the engine at the
front and the rear-wheels driven
through a rigid axle. It was widely used
as the standard drive approach in the
Western world until the 70s of the last

18

(3] Comparison between sideshafts with conventional (top) and modern constant velocity technology (bottom)

century. The change expected here will
be triggered by higher standards of ride
comfort, safety and vehicle handling.
Such a change has already been
observed in the developed markets.
Especially in Japan, several manufactur-
ers have successfully completed the
transition to independent wheel suspen-
sion, even in mini buses.

Higher expectations of ride comfort are
caused by the rapid improvement of roads
and the development of infrastructure in
rural areas. The challenge for engineers
due to the complexity of the elements
involved is to convert drive systems from
rigid axle to independent wheel suspen-
sion. Not only does the drive train have to

be renewed, such a conversion affects the
entire system from bodyshell assembly
through to suspension and axle and
sideshafts.

GKN Driveline has many years’ experi-
ence in the areas concerned and has
worked on reference projects involving
such a switch. @, for example, shows the
depth of calculation and simulation of
forces exerted on the vehicle cell. To pre-
pare for market launch, extensive studies
are currently being carried out including
the construction of demonstration vehi-
cles. The concept is based on existing ver-
sions in the market. It draws on the rich
portfolio of drives with cardan shaft, axle
and jointed shafts. The geometry of the
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© Example of designing and simulating a chassis

O Wheel suspension
and sideshafts for a
Chinese mini bus

O Chinese mini bus
(photo: Uwe Paksa, GKN Driveline)

body, however, requires extensive new
designs for the chassis parts.

The example shows that the powertrain
can no longer be considered as an iso-
lated issue and new limits have long since
been established in subsystems capabili-
ties. As changes to the suspension system
are involved here, optimisation of vehicle
dynamics also has a special role to play.
The demonstration model is then used in
customer projects and for further develop-
ment of components, @.

DISTRIBUTION OF TASKS

Here, GKN Driveline presented two exam-
ples of drive technology challenges in
Asia. These are very specific market seg-
ments in India and China. Their size
demands the attention of manufacturers
of components and systems. Since the
lowest possible costs are a requirement in
both examples, production in the appro-
priate country is essential. A viable solu-
tion for the local production environment
requires close cooperation between devel-
opment and production. Therefore, all
development tasks are carried out as far
as possible in the countries in which pro-
duction takes place. This accelerates the
development of local specialists and a
dynamic learning curve.

Overall, it is clear that the successful
development of new powertrain variants
still holds sufficient challenges, even in
the non-electric sector, for high-volume
business.

19
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EVOLUTION TO THE SEVEN-SPEED

AUTOMATIC TRANSMISSION 7G-TRONIC PLUS

Daimler finalized the advanced development of the sixth generation of its seven-speed automatic transmission

for more comfort, less fuel consumption and more driving pleasure. Assembled in E-, R-, S- and CL-Class, the

7G-Tronic Plus has a new fuel efficient torque converter with centrifugal pendulum damper and regulated zero

slip at the torque converter lock-up clutch as well as a new automatic transmission lubricant (FE-ATF).

AUTHORS

DIPL.-ING. (FH) JENS DORFSCHMID
is Project Manager 7G-Tronic
Plus at Daimler AG in Stuttgart
(Germany).

TRANSMISSION EVOLUTION

In the fall of 2010, Mercedes-Benz Cars
launched the latest version of its seven-
speed automatic transmission 7G-Tronic
[1] called 7G-Tronic Plus for passenger
cars in the S-Class, R-Class, and E-Class
with the V6 diesel engine and in the CL-
Class with the new V8 gasoline engine.
The S-Class will also be offered with the
four-cylinder inline diesel engine and with
the new V6 and V8 gasoline engines from
the start of 2011 with this new trans-
mission.

With this transmission evolution, the
five-speed automatic transmissions
WS5A330 and W5A580 currently available
will likewise be discontinued, albeit succes-
sively, for passenger cars and vans with a
four-cylinder engine but also from 2012 the
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reinforced five-speed automatic transmis-
sion W5A900 in conection with twelve-cyl-
inder gasoline engines. The new, sixth gen-
eration automatic transmission 7G-Tronic
Plus, which dates back to 1960 and has
been continually developed and manufac-
tured by the company ever since, is inter-
nally designated the W7C700 and W7X700
(for the integrated all-wheel-drive version
4Matic and W7C1000 for the reinforced
transmission version [2]). This automatic
transmission delivers approximately 7 %
better overall fuel economy than the prede-
cessor transmissions W7B700 and W7X550
(as tested in the NEDC cycle) while making
a significant contribution to reducing the
CO, emissions of the Mercedes-Benz fleet.
Using the six-cylinder diesel engine in the
S-Class as an example, this equates to 17 g
of CO, per km or 0.64 1 per 100 km [3].

DEVELOPMENT OBJECTIVES

Further improving the energy efficiency
(fuel economy, FE) of the current trans-
mission 7G-Tronic [1] was one of the
main development objectives, @. The
transmission design incorporated a wide
variety of measures designed to lower fuel
consumption:

: an extreme reduction in torque con-
verter slip thanks to a new converter
generation

. new FE low-friction automatic transmis-
sion fluid with accompanying changes
to the geometry and materials selected
for the transmission

: an improved Eco shift program that
considerably reduces engine speed in
conjunction with optimal damping sys-
tems in the converter
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friction-reducing measures for bearings
and disks.
Compared to other measures for reducing
individual vehicle consumption as
required by the markets and international
legislation, the new transmission provides
exceptional performance and value when
it comes to reducing CO, emissions in line
with target objectives. This could only be
achieved by leveraging available technolo-
gies and processes as far as possible.
Additional improvements and functions
that the customer will experience were
also realized, @:
improved dynamic response to move-
ments of the accelerator pedal as a result
of a more direct connection to the engine
better shift quality thanks to improve-
ments made to the electro-hydraulic
control

ATZ 1212010 Volume 112

FEATURE VALUE UNIT
Maximum sustainable transfer capacity of transmission input 700 / 1000 Nm
coupling downstream of converter
Maximum permissible output torque 2700 Nm
Diameter of converter 270 mm
Total length (depending on joint flange and converter) 619 - 640 mm
Weight (including converter and fluid; depending on the engine, 83-93 kg
the optional shift-by-wire system, and optional start-stop system
with auxiliary oil pump)
@ Technical data of the automatic transmission 7G-Tronic Plus
LOCK-UP CLUTCH VIBRATION DAMPER HYDRAULICS

: Optimized engine launch : Opportunity of “zero slip” : Better launch and driving

behavior under cold conditions lock-up clutch and lower performance

and low barometric pressures enginespeeds (eco-shifting), : Higher efficiency, reduced fuel
: Improved clutch cooling reducedfuel consumption consumption, more comfort in

: Improvement NVH

Torsional angle 42°
(currently 17°)

Surface pressure —15 %

lock-up clutch control

Efficiency 90 %

(currently 8

@ Basical new design of the torque converter enables improvements in fuel consumption, NVH und cooling

21
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Primary springs
(arc springs)

Torque input

Connection to
intermediate mass

Secondary springs

Connection to
transmission input shaft

Pendulum mass

Pendulum track

Distance rivet and
connecting rivet

Intermediate mass with
turbine connection

© New speed adaptive twin-turbine torsional vibration damper with centrifugal force pendulum

. lower levels of noise, vibration, and
harshness (NVH) and lower engine
speeds via Eco shift programs

. start-stop capability by way of an addi-
tional electric pump

. extended service life of transmission
fluid due to reduced friction and opti-
mized formulation.

TORQUE CONVERTER

A modular, next-generation torque con-
verter was designed with an improved
hydraulic circuit, torque converter lock-up
clutch, and dampers to accommodate, in
particular, the dramatic increase in torque
generated by the new V8 gasoline engine
and the torque increase of the four and
six-cylinder diesel engines. This corre-
sponds also with increased demands on
damping the imbalances and on aggra-
vated consumption targets with minimum
frictional loss.

The torque converter, @, assumes
many functions in modern automatic
transmissions. When the vehicle acceler-
ates from a stop, for example, the engine
must be smoothly connected to the drive
line and output efficiently transferred to
ensure high performance. Both tasks are
carried out exceptionally well due to the
hydraulic power delivery, which also
bumps torque. An output unit, the torque
converter must likewise convert power
with as little frictional loss as possible.
This is managed by a torque converter
lock-up clutch, which splits the power as
per the hydraulic characteristic curve.
Efficient delivery via the lock-up clutch

22

also means that imbalances created by
the combustion engine are channelled
directly into the drive line. In order to
provide a high level of comfort here as
well, a performance torsional damper is
required.

The development goal in defining the
hydraulic characteristic curves was to find
the ideal balance between a suitably high
stall torque ratio and a high level of effi-
ciency. Since the two variables cannot be
optimized independently of the other,
achieving this balance was key to ensur-
ing good start-off performance. Realizing
very high efficiency also facilitates a com-
fortable transition between the hydraulic
characteristic curve and the torque con-
verter lock-up clutch within the power
split. The power curve was defined using
turbocharged engines, which resulted in
flat to slightly upward sloping curves.

The torque converter lock-up clutch
continues to utilize the proven three-chan-
nel system, which has since been
improved in key areas. The path that the
cooling oil takes to the clutch plate set,
for example, has been redesigned to flow
directly toward the coupling package. This
provides for especially effective and effi-
cient cooling. Another change was to
increase the gap between the clutch disks
so that the clearance of the coupling pack-
age could be optimally used and drag
torque significantly reduced. The result is
much improved performance, especially
under cold-starting conditions, when
engaging a gear typically reduces the
rotating speed of the engine.

Damper development was mainly influ-
enced by three factors with respect to the
torque converter, all of which target a
reduction in CO, emissions. First, the trend
in engine design is toward increasing out-
put and torque with ever-smaller engines
(less displacement). This can only be
achieved through heavy turbocharging or
supercharging, which further increases
rotational imbalance. This imbalance, in
turn, is channelled directly into the drive
line. Second, the good power delivery of
the engines at low speed, in conjunction
with today's typically wide gearbox ratio,
makes it possible to introduce an exception-
ally low-speed drive program, whereby the
engine is principally driven at higher excita-
tion levels. Last but not least, developers
wanted to eliminate slippage of the torque
converter lock-up clutch in order to pro-
mote efficient power delivery, which would
be impossible using the damping character-
istics of this setup. The answer to these
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three challenges came in the form of a cen-
trifugal pendulum damper, ®, designed in
conjunction with the company LuK.

This damper initially comprises a con-
ventional twin-turbine damper. Its distinc-
tive characteristic, however, is the fact
that a pendulum mass is connected to an
intermediate damper mass and functions
as an additional damper. A standard
damper comprises a spring mass oscilla-
tor that responds to a specific excitation
frequency, which is determined by spring
stiffness and mass. With a pendulum,
however, the natural frequency depends
on gravitational acceleration and the
length of the pendulum. Since gravita-
tional acceleration in the rotating refer-
ence system of the torsional damper can
be replaced with centrifugal force, the nat-
ural frequency fluctuates with the speed
of the engine. Designed appropriately, the
natural frequency is always in line with
the engine order, allowing the main exci-
tation frequency to be almost fully com-
pensated (dampened). This damper
design makes it possible to operate the
torque converter lock-up clutch without
slip - while ensuring maximum comfort
with respect to the drive line noise caused
by torsional excitation.

The only way to realize a similar out-
come using conventional technology
would inherently require more space and
significantly increase the weight of the
drive line, @. Another advantage of the
pendulum approach and the regulated
zero slip associated with it is a more
direct connection between the engine and
the drive line, which increases driving
pleasure while reducing CO, emissions.

TRANSMISSION MECHANICALS

The basic transmission 7G-Tronic [1] was
systematically refined to further reduce
frictional loss. This was achieved by using
the world‘s lowest-viscosity automatic
transmission fluid (ATF), which was for-
mulated in close collaboration with Shell,
Afton, and Fuchs.

In particular, the new ATF134FE had to
provide an optimum balance between
reduced dynamic viscosity, temperature,
friction level, and volumetric and mechani-
cal efficiency, @. Internal leakage and seals,
foaming, lubrication properties, and bearing
construction were therefore key design chal-
lenges. These problems were solved by har-
monizing the base oil, viscosity and friction
characteristics (viscosity index), and lubri-
cation and pressure-transfer additives in the
fluid with tribological and anti-leak adapta-
tions made to various transmission compo-
nents (for example planetary gear set mate-
rials, seals, transmission oil pan) and tem-
perature-related improvements to the
control software. The new transmission oil
is not backwards compatible due to the tar-
get-oriented optimization measures imple-
mented for all tribological systems, which
encompass the oil itself and the bearings,
seals, gearing, and friction plates. To visu-
ally reinforce this, the transmission fluid has
been dyed blue instead of the previous red
to prevent confusion during maintenance.
Optimized vehicle cooling, an improved
fluid formula, and reduced friction through-
out the transmission translate into extended
service intervals, whereby the fluid no
longer must be replaced the first 50,000 km,
but every 125,000 km only.

TRANSMISSION MECHATRONICS

Detailed improvements to the electrohy-
draulic control unit, integrated in the
transmission, and reduced friction in con-
junction with optimized engine and trans-
mission software, likewise better shifting
dynamics and shifting quality. The focus
of development work was on more effec-
tively leveraging the volumetric oil flow
rate available by lowering engine speed at
idle and using a low-viscosity transmis-
sion fluid to minimize the hydraulic loss
associated with the transmission control-
ler. To this end, the hydraulic channels in
the shifting plates were optimally posi-
tioned and arranged to reduce such loss.
The new seven-speed automatic transmis-
sion is equipped with a start-stop system for
the first time. This makes possible with the
addition of an electric auxiliary transmission
oil pump, @, that safeguards the pressure
supply when the mechanical transmission oil
pump is not running (engine off). When the
driver comes to a stop at a red light, for
example, the engine switches itself off. As
soon as the foot brake is released or the
accelerator pedal pressed, the engine starts
as if it were running the entire time.
Intelligent technology provides for com-
fortable, instantaneous engine starts. A
crankshaft rotation sensor detects the rest-
ing position of the pistons. The electric aux-
iliary transmission oil pump, mounted
externally to the converter housing for the
transmission with start-stop system, main-
tains the minimum level of pressure
required in the transmission when the
engine is switched off. The shift elements
remain filled and the transmission can be

(5] Comparison of viscosity
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Shifting elements of the transmission remain oil-filled with stopped transmission constant pump

because of engine-off during start-stop mode

Opportunity of a quick relaunch of the vehicle after engine start
Electric pressure supply, comfort-oriented and reproducible

HYDRAULIC PRESSURE

Max. 2.5 bar at 6 I/min

ATF TEMPERATURE (WORKING) 10-125°C
BATTERY VOLTAGE 9-16V
POWER ELECTRONICS Integrated

CONTROLLED BY CAN

Motor current controlled

CURRENT CONSUMPTION Max. 8.5 A
MAX. OSCILLATION Upto50 g
O Auxiliary electro-hydraulic pump for start-stop operation
u FE torgue converter |
lock-up clutch slip reduction
Line prassure optimization
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of 7G-Tronic Plus (NEDC)

I WTBTOO

(5] Comparison of shifting programs for an eight-cylinder gasoline engine

(blue: improvements by W7C700 transmission)
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smoothly engaged immediately after the
combustion engine has started. This proc-
ess can be repeated in shortest time. It is
realized by a G-rotor pump (crescentless
internal gear pump) powered by a direct
current motor with integrated electronics,
which are controlled by the transmission
controller via CAN.

The starter then simply has to provide
the initial impulse to automatically start
the engine. The engine control unit only
switches the engine off if critical prede-
fined criteria have been met. These
encompass the starter battery, which
must have a sufficient charge, and the
engine, which must be warm enough for
the exhaust gases to be optimally treated
upon start-up. The same applies to the
interior temperature set by the driver. If
this temperature has not yet been
reached, the engine will not be switched
off at a standstill. The on-board manage-
ment system ensures that any active
audio, telephone, or video signals are not
interrupted by the Eco start-stop function.
A yellow ”Eco“ icon indicates to the
driver that the Eco start-stop function is
enabled but has been temporarily overrid-
den because of a conflict with one of the
mentioned criteria. When all criteria for
switching the engine off have been met,
the "Eco* icon turns to green.

The average percentage fuel economy
improvement by the improved transmis-
sion is shown in @ with 7 % in total.
Using start-stop further 4 % are possible
due to shut-down of the combustion
engine in idle of the consumption cycle.

SUMMARY

Finally, the new seven-speed automatic
transmission from Daimler is equipped
with a start-stop system for the first time,
made possible with the addition of an
electric auxiliary transmission oil pump
that safeguards the pressure supply when
the constant-flow pump is not running
(engine off). The vehicle can start off
again without delay following a brief stop.
A next-generation torque converter
optimizes NVH levels thanks to more
advanced dampers, which also noticeably
reduce fuel consumption. This is achieved
by greatly reducing the slip of the lock-up
clutch (actively regulated zero slip) in
conjunction with better mechanical
damper insulation from very low engine
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speeds and during gear shifts, despite the
fact that the nominal and reaction torque
of the engines has increased. The gear
shift program has also been modified to
reduce engine speed in Eco mode, ©. In
addition, the new FE converter provides
for optimal acceleration from a stop,
smoother operation of the torque con-
verter lock-up clutch, and better response
to movements of the accelerator pedal.

Consumption-reducing measures were
implemented for the transmission as well
and include new automatic transmission
fluid (ATF134FE) with reduced viscosity
in conjunction with an optimized addi-
tives package, redesigned internal com-
ponentry for the transmission, with new
materials, bearings, disk linings, and
geometric enhancements, and adapted
software, lower service pressure at many
operating points, and better internal
seals. The reworked electronic control
unit for the transmission, together with
improved software, make shifting
smoother.
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INDUSTRY TRANSMISSIONS

SYNTHESIS OF AN EIGHT-SPEED AUTOMATIC
TRANSMISSION FOR HYBRID DRIVES

IAV develops future transmission generations by using computer-aided synthesis programs. The new eight-
speed planetary automatic transmission for transverse applications results from a total solution amount of
1.6 billion transmission variants. The derivable modular transmission system comprises a conventional trans-
mission as well as a mild and a full hybrid version. It offers numerous advantages in comparison with current
systems regarding speed number, hybrid functions, efficiency, size and costs.
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MORE RATIO RANGE

The vehicle transmission harbors major
potential for meeting the challenges
exhaust gas and fuel consumption. Wide
ratio ranges with a high number of well-
stepped speeds ensure efficient coverage
of the combustion-engine map and deliver
plenty of traction.

Manual transmissions currently providing
a maximum of six speeds and ratio ranges
up to ¢, ~ 6 will in future hardly be in a
position to satisfy these goals. Further ratio
steps reduce the driving comfort as a result
of the greater amount of gear-shifting effort
they involve and the risk of overburdening
the driver becomes greater which is why
theoretical fuel savings are not necessarily
achieved in real operation.

Fully automatic transmissions are better
suited to providing driving comfort from a
large number of ratio steps. Present-day
dual-clutch transmissions offer as many as
seven speeds and ratio ranges of ¢ ~ 6.5.
Even higher numbers of ¢, ~ 7 are possi-
ble with planetary automatic transmissions
with up to eight ratios. As a result of the
more exacting design-space restrictions in
vehicles with front-transverse engines, map
converters of this type are only mass-pro-
duced with a maximum of six speeds and
a ratio range of up to ¢ ~ 6.

At present, round 80 % of all passenger
cars worldwide are powered by front, trans-
versally installed combustion engines. It is
expected that with production figures rising,
this percentage will increase over the next
few years. This means that from the aspect
of reducing fleet consumption, the signifi-

cance of fully automatic, front-transverse
transmissions with a greater number of
speeds is set to grow. Dual-clutch transmis-
sions, particularly those operated electrome-
chanically, permit marginally better con-
sumption over planetary automatic trans-
missions which, in turn, are more compact
in design, more cost-effective to make and
also provide better driveaway dynamics and
shift strategies with greater flexibility [1]. It
is for this reason that the following analyses
focus on planetary automatic transmissions
for front-transverse applications.

With planetary automatic transmissions,
the traditional approach to providing addi-
tionally required ratio steps is to use fur-
ther mechanical transmission components,
such as gear sets or shift elements.
Although this has an adverse effect on
costs, weight and size, the trade-off can be
resolved by means of innovative gear
structures that employ the limited number
of transmission components for more
speeds. @ shows the key aspects develop-
ers are aiming to optimize, such as achiev-
ing high levels of efficiency, low drag
losses and less loads on mechanical com-
ponents. Hybridizing the conventional
powertrain produces the means for realiz-
ing many demands as a result of the addi-
tional degree of freedom it offers on the
energy-management side. Intelligent mod-
ular systems made up of conventional and
hybrid transmission variants reduce devel-
opment and production costs.

The conventional and predominantly
intuitive search for new gear structures is
less suitable for taking account of these
complex challenges. The abundance of

:ﬂm Total Number of Power
S ratio range components density
h 3 1 4 #
Loads on
Shift logic mechanical
components
f &
o= Hyhbrid
Efticiency functions
# 1
Actuation ;
losses | | Desi Costs
@ Key aspects and demands on pevaes e o i
a vehicle transmissions with each & & b &4
optimization aim
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potential solutions also harbors a high risk
of overlooking significantly better transmis-
sions. Instead, increasing use is being
made of systematic syntheses that examine
all realizable combinations of transmission
topologies on a computerized basis [2].
IAV presents here the methodology
behind such synthesis programs for creat-
ing new transmission generations with
favorable properties for conventional and
hybrid drives. By way of example, the
potential of this approach is demonstrated
on the basis of a new hybrid eight-speed
planetary automatic transmission for
front-transverse applications.

PRINCIPLE OF SYSTEMATICALLY
TRANSMISSIONS SYNTHESIS

Before synthesis can commence, it is neces-
sary to define the demands that are placed
on the new transmission for any type of
powertrain, for example in passenger cars,
commercial vehicles or railway applications.
The following properties provide the input
data for the synthesis program:
. demanded series of ratios
: necessary power shifts
: maximum number of components for
the available package
: position of input and output
: maximum loads
: hybrid functionalities.
Usmg the example of planetary automatic
transmissions @ on the left illustrates the
principle followed by IAV-made synthesis
software, this being divided into two pro-
gram parts. The first program part initially
generates all possible combinations of con-
ventional transmission variants on the
basis of the input data. The computer cal-
culates all of the mathematically coded
planetary gear set topologies as well as
shift-element configurations, combining
these to create gear structures that are then
tested with graph-theoretical algorithms in
relation to actually being able to imple-
ment the design. Only appropriate options
are then examined for their maximum
number of speeds. Once this has been
done, the gear-set ratios for the gear struc-
tures offering a sufficiently high number of
speeds are optimized in such a way that
the demanded series of ratios is achieved
in the best possible way while taking into
account the necessary power shifts. By
way of option, the algorithm also allows
for additional secondary conditions, such

28
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(2] Sequence and solution variety of the systematic transmission synthesis

as the achievement of high levels of tooth
efficiency or low loads on the components.
@ illustrates at the top right the tremen-
dous solution diversity this synthesis step
offers. Even as few as three planetary gear
sets with five and six shift elements result
in the program investigating some 1.6 bil-
lion gear structures. With four planetary
gear sets, the number of solutions found
rises to 1091 billion codings.

The second program part of the program
performs a benefit analysis to examine and
evaluate all of the generated gear structures
in relation to their conventional properties,
such as number of parts, series of ratios,
shift logic, torque and speed loads on com-
ponents, levels of efficiency and drag losses.
The software also investigates the feasibility
of implementing the demanded hybrid func-
tionalities, such as starting the combustion
engine, all-electric driving, boosting and
recuperation capability as well as infinitely
variable electrical power-split driving
ranges. For this purpose, the synthesis pro-
gram takes into account all of the options
for integrating one or more electric motors
in the transmission. The weightings and
limit values for the various criteria can be
matched extremely accurately to the specific
application, leaving only transmissions with
the best conventional and hybrid properties
in the final set of solutions. This is then pre-
sented in a ranking list. @ shows at the bot-
tom right the typical procedure for prepar-
ing the results in this way, with each point
representing a newly synthesized transmis-

sion. Individual search areas are character-
ized by different component configurations.
These transmissions that best meet the
overall requirements are of major signifi-
cance to the subsequent development
process.

MODULAR SYSTEM OF THE
NEW PLANETARY AUTOMATIC
TRANSMISSION

The potential offered by systematically syn-
thesizing transmissions in the way pre-
sented is now illustrated on the basis of a
generated transmission system. The aim of
developing the new eight-speed planetary
automatic transmission for front-transverse
applications is to arrive at significant
advantages over the state of the art. Pro-
viding two additional forward speeds with-
out further gear sets and shift elements,
improving overall efficiency as well as per-
mitting parallel hybrid modes that also
offer the best possible level of efficiency
are the main boundary conditions. Electric
propulsion obviates the need for any
mechanical reverse speed. In addition to
this, the gear-set topology is to form the
basis for a variable modular system.

The results of synthesis is the gear-set
structure of a mild hybrid planetary auto-
matic transmission presented in @ on the
left with the associated shift logic shown in
tabular form in @. Using just three simple
minus planetary gear sets, two brakes and
three clutches, it is possible to produce
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© Construction set system of the eight-speed automatic transmission
1+t Variation 21 Variation
P1 -3.16 -3.16
M Shift element engaged Stationary ratios p2 -3.32 -3.32
P3 -2.02 -2.02
[ Shift element engaged for
operation with combustion S1 —0.99 —0.995
engine Additional ratios S2 -1.10 -1.00
CcD 1.67...2.22 1.67...2.22
Brake Clutch
Ratio Ratio
Structure Step Step
4.63 5.09
1.59 1.75
2.92 2.90
1.52 1.60
c ional 1.92 1.81
onventiona 1.47 1.51
+ 1.31 1.20
Mild hybrid 1.23 1.19
+ 1.07 1.01
- 1.26 1.22
Full hybrid 0.85 0.82
1.15 1.13
0.74 0.73
1.10 1.08
0.68 0.67
(pmla\ q)luta\
6.9 7.6
Conventional R -3.3 -3.63
Start ICE 1.67...2.22 1.67...2.22
Mild hybrid 7.72...10.28 8.48...11.31
1.59 1.75
2E 4.87...6.48 4.83...6.44
Full hybrid | Start GN 00 ...2.92 ... 2.90

O shift logic of the eight-speed automatic transmission

eight well-stepped forward speeds with a
high ratio range of, for example, ¢, = 7.6
by selectively engaging three shift ele-
ments. Both configurations illustrate how
easy it is to adapt the series of ratios to dif-
ferent requirements. The high driveaway
ratio provides the capability of driving off
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in first gear with one internal shift element.

Combustion-engine power is transferred
extremely economically as a result of high
levels of tooth efficiency and low engine
speeds, keeping drag losses low in only
ever two open shift elements and in the
bearings. The large number of possible

power shifts forms the basis for flexible
driving strategies. The electric motor is
integrated by means of an additional ratio
stage to the input shaft. The resultant
torque multiplication permits comfortable
combustion-engine starting and dynamic
electric operation in both directions of
travel with an electric motor smaller than a
crankshaft starter generator. The higher
engine speed also makes it possible to
exploit maximum electrical power output
during boost and recuperation cycles, even
when driving in an economical style at low
combustion-engine speeds. The clutch on
the input side decouples the combustion
engine during electric propulsion and starts
the primary engine without repercussions
while the vehicle is in motion.

Further transmission variants can be
derived from this gear-set topology with
only minor component modifications. For
a conventional planetary automatic trans-
mission (®, center), a mechanical reverse
speed is supplemented by a third brake.
The use of a hydrodynamic converter as a
drive-off element is a conceivable option.
The full-hybrid derivative (®, right) with a
further sun gear shaft on the output plane-
tary gear set provides comfortable, infi-
nitely variable, electrical power-split driv-
ing ranges with low levels of electric actua-
tion power at the two electric motors.
Continuously variable start-off from neu-
tral can be used for both directions of
travel and replaces a conventional drive-off
element. Modular systems of this type can
be used in future to help reduce manufac-
turing costs as they permit a high level of
component sharing.

DESIGN OF A MILD-HYBRID PLANETARY
AUTOMATIC TRANSMISSION

Selected design details of the eight-speed
planetary automatic transmission for a
mild hybrid are described in the following
as a way of permitting better assessment of
the synthesized gear set structure (®, left).
The gear structure is extended by an addi-
tional reverse-speed brake to ensure a rep-
resentative comparison with today‘s con-
ventional transmission generations. A typi-
cal front-mounted transverse combustion
engine with a maximum torque of 350 Nm
and maximum speed of 6000 rpm provides
the platform. With the hybrid transmis-
sion, it is necessary to consider the addi-
tional typical load profiles for the electric
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Electric maokor Hydraulic pump
Planetary gear set 3 Chain drive
Output gear ssi Brake A
Spur gear set 1 Brake B
Differential Filanetary gear sef |
Spur gear set 2 Planetary gear sel 2
Clutch G Clutch F
Brake C Clutch D
Dampad fhywhes! Ciutch E
(5] Components of the mild hybrid eight-speed automatic transmission
Mid-size car with a 1.4-1 turbocharged gascline direct injection engine
4-speed AT
‘i’u‘ 3.8) NEDC Arternis Motorway
#
L.
k-
Mid-size car with a 2.0-1 turbocharged diesel direct injection engine
4-speed AT
{{Pm= 3.8] . NEDC
&
=
‘5
&
3
- O Fuel saving
potentials with
W 5-speed AT (g, =4.6) [l New B-speed AT (g, =7.6, conventional) ::Sr:qeses:”(;gf
! G-speed AT o= 6.0) g Mew 8-speed AT {:pws?.ﬁ. mild hybrid) speeds

motor which has a maximum torque of
75 Nm and a maximum power of 12.5 kKW.
All of the clutches and brakes as well as
two of the planetary gear sets are positioned
on the main drive shaft, @. To realize all
power shifts, the shift elements are of disk-
type design. To reduce axial length, the
third planetary gear set is positioned on the
intermediate shaft and connected by means
of two spur-gear sets. The output gear set to
the differential has a ratio of 3.56. In combi-
nation with the second option for configur-
ing the gear-set ratio shown in @, plenty of
drive-off traction can be provided with inter-
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nal shift elements which is why there is no
need for any hydrodynamic converter, also
saving space.

All planetary gear sets are extremely
compact on account of the favorable sta-
tionary gear ratios. As a result of higher
levels of torque, it is necessary to make the
third planetary gear set just slightly more
solid by using an additional fifth planetary
gear. The permanent-magnet excited syn-
chronous motor is positioned close to the
intermediate shaft. Use of the chain drive
allows easy adjustment of ratio to the input
shaft and provides high degrees of freedom

in radially positioning and defining the size
of the electric motor. Its water-cooled sta-
tor allows high overcurrent for a short
period of time for effective hybrid function-
alities. Simple gear set structure as well as
well-balanced component loading help to
keep the mild hybrid transmission com-
pact, thereby making it possible to reduce
its axial length over present-day transmis-
sions to below 350 mm.

POTENTIAL FOR SAVING FUEL

The design of transmission permits an
accurate estimation of fuel consumption
and carbon dioxide emission by simulating
longitudinal dynamics. @ summarizes the
results for a mid-size car with modern com-
bustion engines for different driving cycles.

Consumption tends to fall as the number
of speeds and ratio range of the automatic
transmission (AT) increase. The new eight-
speed planetary automatic transmission is
realistically capable of achieving savings of
up to 4 % compared with the six-speed
generation. The hybrid functionalities per-
mit a further maximum reduction of 16 %,
mainly while driving about town.

SUMMARY

The demands on future vehicle transmis-
sions are highly challenging, particular in
relation to front-transverse powertrains. To
achieve a high level of development cer-
tainty as done at IAV, new transmission
generations are being created on an increas-
ing scale by means of computer-based syn-
thesis programs that take into account all
possible combinations of gear set topolo-
gies while optimizing them in relation to
various conventional and hybrid properties.

The modular system of the new eight-
speed planetary automatic transmission
clearly illustrates the potential of such
methods. The main advantages over
present-day transmissions include the large
variety of efficient functionalities, small
design space, flexibility of use for different
applications, significantly improved con-
sumption and minimized costs.
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THE NEW VW PASSAT

In six generations, the Passat has become the benchmark in its class. This success is due to

the sum of its product properties as well as its quality and precision. The current seventh series

of model year 2011, the B7, features fuel-efficient and environmentally friendly powertrains —

one diesel engine even already complies with the Euro 6 Category N emissions standard —, as well

as a high level of functional comfort and numerous driver assistance systems. For the first time,

Dynamic Light Assist for glare-free driving is being introduced in this vehicle segment.

AUTHOR

DIPL.-ING. DIRK NESSENIUS
is Technical Project Manager
Passat at Volkswagen AG in
Wolfsburg (Germany).

DESIGN

The design of the new Passat of model
year 2011 (internal designation B7) fol-
lows the Volkswagen design DNA estab-
lished by Walter de Silva and visualises
the high standards with regard to generos-
ity, precision and value of the materials,
@. Taut, powerful lines, subtle surfaces
and balanced proportions characterise the
design of the seventh generation of the
Passat since 1973. At first glance, the new
Volkswagen face with its dominant
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emphasis on the horizontal plane
impresses the observer. The radiator grille
and the headlights make up a formal unit,
while the slightly angled headlights give
the front a dynamic character.

Both inside and outside, the design of
the new Passat marks a major step for-
ward in actually available and emotion-
ally perceivable value. Once again, the
Passat and its design are redefining the
demands of its class.

ENVIRONMENT

All vehicles and components of the
Volkswagen brand are planned and devel-
oped in accordance with the ”Environ-
mental Objectives of the Technical Devel-
opment Division”. This involves not only
fulfilling the legal requirements with
regard to emissions and materials but also
pursuing a holistic approach that includes
the entire value chain. The Life Cycle
Assessment includes not only the car‘s
service life but also the phases before and
after - from its product ion and its use
phase rig ht through to its recycling. The

information in the Environmental Com-
mendation has been verified and certified
by the independent technical inspection
organisation Tiiv Nord.

POWERTRAINS

The technologies pooled under the umbrella
brand BlueMotion Technologies, in particu-
lar recuperation (recovery of deceleration
energy) and the start-stop function, are fit-
ted as standard in the Passat with the 1.4 1
90 kW Blue Motion Technology engine and
in all TDI diesel engines. Furthermore, the
Freewheel function familiar from the Passat
B6 is available as an option for the 1.4 190
kW TSI DSG and as a new option for the
2.0 1103 KW TDI DSG.

The development objective for all
engine and transmission combinations
was to reduce fuel consumption and emis-
sions while maximising driving enjoy-
ment and performance.

All engines comply with the EUS stand-
ard. The Passat Blue TDI even exceeds
this and fulfils the Euro 6 Category N
emissions standard.
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INDUSTRY NEW AUTOMOBILES

(1] Design sketch of the Passat, designed by Walter de Silva

1.6 L 77 KW TDI

Engine design

In-line four-cylinder diesel engine with VTG exhaust turbocharger, direct injection

Mixture formation Common rail
Cubic capacity 1598 cm?3
Bore/stroke 79.5/80.5
Compression 16.5:1

Valves per cylinder /
valve control

Four / roller rocker fingers with hydraulic valve compensation

Engine management /
mixture preparation

Common rail injection system Siemens PCR2 with 1600 bar, seven-hole direct
injection nozzle, VTG exhaust-gas turbocharger with charge air cooling, swirl
optimised and tangential inlet channels

Max. power 77 kKW at 4000 rpm

Max. torque 250 Nm from 1500 to 2500 rpm
Fuel Diesel fuel according to EN 590
Emissions class Euro 5

CO, emission 114 g/km

Transmission

MQ250-6F, manual shifting, six speeds, 250 Nm

Exhaust-gas
purification system

Oxidation catalytic converter, water-cooled exhaust-gas recirculation with
by-pass flap, coated maintenance-free diesel particulate filter

@ Technical data for 1.6 | TDI diesel engine

SPARK-IGNITION ENGINES

The CO, emission for the CNG-powered
saloon has been further reduced to 117 g/

The entry-level spark-ignition engine in
the Passat B7 is the modern 1.4 190 kW
TSI, which is also available with the
DSG dual-clutch transmission as well as
with a start-stop function and recupera-
tion. The EcoFuel 1.4 TSI Twincharger
has established itself worldwide as an
engine that is superior to the competi-
tion. The application of twin supercharg-
ing with a mechanical compressor and
an exhaust gas turbocharger combined
with direct injection has made it possi-
ble to almost halve the displacement
compared to a comparable naturally
aspirated engine. Reduced friction and
high boost values even at low engine
speeds provide high torque with low fuel
consumption.
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km (that is equivalent to 6.6 m?* CNG per
100 km in pure CNG operation and with
the MQ manual transmission). The maxi-
mum driving range for the bivalent system
is approximately 940 km (petrol approxi-
mately 460 km; CNG approximately 480
km) according to ECE R 101.

The MultiFuel 1.4 I TSI 118 kW ES85 is a
further innovative engine, which allows the
use of renewable raw materials as an alter-
native to fossil fuels. This Twincharger can
be operated with an ethanol content of up
to 85 %. Due to the use of a precise ethanol
sensor, the mixing ratio of conventional
fuel to ethanol is precisely determined. As
a result, optimum results are achieved with
regard to emissions and fuel efficiency. This
engine is used in Sweden and Finland.

The Passat is also offered with the
familiar 1.8 1 118 kW TSI and the 2.0 I TSI
with power output increased from 147 to
155 kW. Compared to the 2.0 I TSI in the
Passat Bo, the combined CO, emission has
been reduced from 183 to 169 g/km, in
spite of the increase in power output, due
to significantly reduced friction, an
improved response of .the new exhaust
gas turbocharger, the optimised transmis-
sion ratio and recuperation (saloon with
MQ transmission).

The 3.6 I 220 kW six-cylinder engine
with 4-Motion four-wheel drive familiar
from the Passat R36 has been extensively
revised. The application of numerous
measures allowed the CO, emission in the
NEDC to be significantly reduced by
approximately 5 %. For the basic engine,
the honing process for the cylinder crank-
case made of GJL250 was converted to
fluid -jet honing. Combined with a piston
ring package with reduced tangential
forces and a weight-optimised forged pis-
ton, this allowed a significant reduction in
the friction losses of the piston/piston
ring group to be achieved.

DIESEL ENGINES

In the new Passat, Volkswagen is present-
ing the second generation of its common
rail diesel engine series in the power lev-
els 77 kW (1.6 I displacement), 103 kW
(2.01) and 125 kW (2.0 I). The diesel
engines comply with the Euro 5 emissions
standard. The BlueTDI version with this
engine already achieves Euro 6 Category
N due to the use of the SCR system famil-
iar from the B6.

The version with the proven four-valve
engine, the 1.6 1 4V CR 77 kW TD], is
equipped as standard with a start-stop sys-

Compare: 1.6 | R4 TDICR - 77 kW fosecast full load cumve

Toaegun [N Powar [WW1
300 20

7%
Lo

&0 — M [m] 1.5 I CR - 77 KW 18
P IWW] 161 CR - 77 kW
o

1000 2000 3000 %000 GOD0  BO00 7000
Erging spowd [ipm|

(3] QOutput and torque of the 1.6 | TDI diesel engine
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tem and recuperation and offers improved
performance and low fuel economy due to
the use of a six-speed transmission, @.
The torque of 250 Nm is already available
between 1500 and 2500 rpm, ©. The
power output of 77 kW at a rated speed
of 4400 rpm is a guarantee for driving
enjoyment. The CO, emission of 109 g/km
(combined consumption 4.2 1/100 km) in
the Passat BlueMotion Saloon is an out-
standing value.

The further developed 2.0 14V 103 kW
TDI engine from the B6 offers a balanced
ratio between good performance, high fuel
efficiency and exemplary environmental
qualities. The engine already develops gen-
erous torque of 320 Nm between 1750 und
2500 rpm. Like the 1.6 1 77 kW TDI, the
2.01103 kW TDI is also equipped with the
new start-stop system and recuperation.
The CO, emission and the fuel consump-
tion of the saloon have been reduced.

The top-of-the-range diesel engine, the
2.0 1125 kW TDI, is also offered as a
4-Motion version and, with the qualities
typical of the TDI, is a particularly com-
fortable engine for the new Passat. In this
engine, the CO, emission and the fuel
consumption have been further reduced
by approximately 18 % (saloon with MQ
transmission).
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COMFORT

The Passat has now been endowed with a
higher level of technology, comfort and
functionality. In addition to classic com-
fort measures such as reducing drive
train, wind and chassis noise, a key role
was also played by the application of
comfort-oriented assistance systems to
relieve the burden on the driver. These
assistive, active comfort systems are sum-
marised by the term “Active Comfort*.

In the diesel engines, low-frequency
noise components when pulling away
from a standstill have been significantly
reduced. At the same time, weight savings
of up to 4.4 kg have been achieved in the
exhaust system. In the dashboard area
and also in the rear of the car, additional,
very lightweight but highly effective
absorption components have been
installed.

The vehicle occupants are shielded
against wind noise and external noise in
all speed ranges by an acoustic PVB wind-
screen and thicker side windows. With
the optional acoustic PVB front side win-
dows, even a luxury class noise level is
achieved.

The chassis of the new Passat is based
on the axle components of its predecessor.

@ Opening (2) the boot lid by detection of foot motion (1)

By the optimisation of details, the compo-
nents have been further developed com-
pared to the predecessor and comfort has
been significantly improved as a result.

BODY AND INTERIOR

A further upgrading of the Passat Variant is
the panoramic sunroof. Its large visible sur-
face ensures undisturbed entry of light to
provide a more spacious, airy atmosphere
for the occupants. A new sliding shade
keeps out the sun if necessary in order to
keep the interior cool. The new Easy Open
system enables the boot lid to be opened
without the need to put shopping bags
down or to use the remote control key. In
combination with the Keyless Entry Start
System (Kessy), a “virtual pedal” opens the
lid without contact. A sensor underneath
the car detects the motion of a foot, @, and
recognises that someone wants to open the
boot lid. A so-called kick motion of the foot
is sufficient to open the boot - provided, of
course, that the right radio frequency identi-
fication key to the car is in the vicinity of
the boot. Other motions are ignored by the
sensor. People walking past the car or even
animals that have crawled under the car
close to the sensor will not cause the boot
lid to open.
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The new rear seat unlocking feature, @,
which is fitted as standard equipment,
allows the rear seat system to be unlatched
from the luggage compartment. The back-
rest automatically releases. The customer
can now directly load bulky goods right
through to the front seat backrests from the
luggage compartment.

A convenient, swivelling towbar with
an electric release function can be con-
veniently clicked manually into the tow-
ing or rest position.

Particular emphasis has been placed on
using high value materials for dashboard,
centre console and door trims, @. The
newly developed graining provides a soft
surface texture. In addition, the doors
have high-quality decorative trim with

© Remote rear seat
backrest unlatching from
the luggage compartment

chrome applications. The customer can
choose from different materials. The
attractively contoured design of the dash-
board trim now integrates a high-quality
analogue clock.

Chrome applications now also surround
all the air vents, and the adjuster wheels
have new control symbols and lights, thus
ensuring that the night design also corre-
sponds to the high quality demands.
Those who want to set a further highlight
can order backlighting for the chrome
trim strips in the doors. The light is emit-
ted below the trim to generate a cosy
atmosphere.

The high-value optics of the instrument
panel is continued in the centre console. In
addition to the many familiar functions

(6] High-quality materials and chrome applications in the interior
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that are expected and taken for granted in
a Volkswagen (for example, cupholders, a
12-V socket, a variable storage compart-
ment under the ergonomic centre armrest
and connection for an iPod), the area
around the gear lever has been redesigned.
All switches are harmoniously integrated
and include the new ignition switch for
vehicles equipped with Kessy. The elec-
tronic parking brake has also been moved
into the usual place in the centre console.

SEAT SYSTEM

The seats of the new Passat represent a
consistent further development with
regard to seat comfort and a climate of
well -being. That is true both for driving
on winding roads and on long journeys.
In addition to the Trendline, Comfortline
and Highline seats, a sports seat version
with optimum lateral support for dynamic
driving is also available.

Active ventilation, @, of the front seats
is also offered as an option in the Com-
fortline and Highline versions. The seat
and backrest surfaces as well as the side
supports are ventilated with air from high-
performance radial fans. The ventilation
effect is based on reducing the humidity
between the body and the seat, thus
enhancing climate comfort.

Optimum climate comfort is also
achieved by air ducts in the foam uphol-
stery that are specially matched to the
seat geometry as well as by specially cho-

@ Active front seat ventilation with radial fans and
air ducts in the foam upholstery
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O Bi-xenon headlights with cornering light

sen upholstery materials and leather per-
forations. The system is operated by a
switch at the base of the seat next to the
seat adjustment elements. Three ventila-
tion stages can be individually selected.
Parallel to the seat ventilation, the seat
can also be heated if required in order to
achieve a comfortable temperature.

VEHICLE SAFETY

The new Passat builds on the excellent
level of its predecessor in vehicle safety
that achieved the highest rating of five
stars in the EuroNCAP test in Europe.
Interaction of measures to avoid accidents
and to reduce the consequences of acci-
dents, called ”Integral Safety“ at Volkswa-
gen, also played a key role in the develop-
ment of this vehicle version.

The new Passat features a new tyre
pressure monitoring system. The system
uses sensors in the tyres that monitor the
tyre pressure and send a signal to a con-
trol unit in the car. The Autolocation
extension enables the system to identify
and display a tyre that has lost pressure.
Furthermore, it offers the possibility to
display the pressures of all tyres on the
instrument cluster.

LIGHT ASSIST

Light Assist is offered in the Passat for
halogen headlights. The front camera inte-
grated into the interior rear-view mirror
detects vehicles in front or oncoming traf-
fic and transmits a signal to the Body
Controller module of the Passat to switch
the main beam on or off.

Optional bi-xenon headlights with mer-
cury-free D3S lamps are equipped with
dynamic cornering light for highways and
motorway driving, @. In addition, day-
time running lights consisting of 15 indi-
vidual Advanced Power Top-LEDs are
arranged around the bi-xenon module.
The power consumption for these lights is

ATZ 1212010 Volume 112

(0] Drive-by sequence without dazzling oncoming traffic with the Dynamic Light Assist

reduced to around 30 W compared to the
approximately 140 to 180 W required for
driving with dipped-beam headlights.

As the top version, Dynamic Light
Assist is being offered by Volkswagen
for the first time in the midsize segment,
@. This innovative headlight system
integrates familiar systems such as cor-
nering light, dynamic headlight levelling,
dynamic main beam control and main
beam assistant, and their functionality
has now been expanded by the use of
variable light distribution to form a new
lighting system.

This lighting system enables the driver
to benefit from maximum use of the main
beam headlight and a correspondingly
long range of visibility without dazzling
other road users. When the assistant is

activated and at speeds above 65 km/h in
extra-urban areas, the main bean is
switched on automatically. Other road
users are protected from the glare of the
main beam and are not dazzled, whereas
the remaining area of the light distribu-
tion is still illuminated by the full main
beam performance.

This is made possible by the perfectly
coordinated interaction between various
vehicle components, such as a new front
camera system behind the windscreen,
the cornering light control unit, the head-
light electronics and the new actuator in
the headlight for the variable adjustment
of the light distribution. The ”intelligent”
control of the module units, which swivel
both horizontally and vertically, and the
fact that each headlight is controlled inde-

37

personal buildup for Force Motors Ltd.



INDUSTRY NEW AUTOMOBILES

pendently ensures the optimum illumina-
tion of the road at all times.

ADAPTIVE CRUISE CONTROL

The Adaptive Cruise Control (ACC) [1]
ensures more comfortable driving by
using a front radar sensor, @, to automati-
cally implement controlled acceleration
and deceleration in traffic in accordance
with the type of driving specified by the
driver. ACC additionally includes Front
Assist with the automatic City emergency
braking system.

The driver selects the required driving
speed and distance from the vehicle in
front - while complying, of course, with
the minimum legal distance. ACC works
like an intelligent cruise control system by
automatically maintaining the required
distance from the vehicle in front depend-
ing on the preset speed. If there is no
vehicle in front, ACC works like a conven-
tional cruise control system.

A new feature is the overtaking func-
tion: when the driver is about to perform
an overtaking manoeuvre and activates
the indicator, the system ensures that the
car can already be sufficiently accelerated

in order to facilitate joining the other lane
safely. The system dynamics can be
adapted by selecting one of three driving
modes (Comfort, Normal or Sport).

In combination with an automatic
transmission, ACC can brake the car even
to a standstill and keep it there if a vehicle
is in front. As soon as the car in front has
moved out of the way, the driver in the
new Passat can immediately resume ACC
control by touching the accelerator pedal.
In all situations of active ACC driving, the
driver remains fully in control and respon-
sible for driving the car and is able to
override the system at any time by deacti-
vating it, braking or accelerating.

EMERGENCY BRAKE FUNCTIONS

The assistant system Front Assist acts as
an ”alert passenger” to avoid nose-to-tail
collisions - even when ACC is deacti-
vated. The front radar sensor permanently
monitors the traffic situation and warns
the driver of critical situations. The driver
is supported even before a critical rear-
end collision situation involving the vehi-
cle ahead is allowed to become serious.
The braking system preconditions itself by

@ Easier parallel parking (left) and diagonal parking (right) with the Park Assist
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@ Identification area for front radar, camera,
ultrasonic sensors, and rear radar

applying the brake pads gently to the
brake discs and the brake assist system is
made more sensitive.

If the risk of a nose-to-tail collision
increases, visual and acoustic warnings
are initiated and a jerking movement of
the brake pedal instructs the driver to
operate the brakes. If the driver reacts by
applying insufficient pressure to the brake
pedal, the vehicle automatically applies
enough braking pressure to avoid a colli-
sion. If the driver fails to react to the
warning signals, Front Assist will brake
the vehicle and reduce the speed of a col-
lision under optimum conditions.

For speeds below 30 km/h, the city
emergency braking system is a technical
highlight. This active function reacts to
stationary vehicles. When necessary, the
city emergency braking function initiates
automatic braking and in the event of an
imminent nose-to-tail collision will reduce
accident damage or, in an ideal case, help
to avoid it altogether.

LANE KEEPING ASSISTANT

The further developed Lane Assist system
helps in many driving situations to keep

personal buildup for Force Motors Ltd.



the vehicle in lane by means of corrective
steering intervention. Of course, this does
not relieve the driver of his or her respon-
sibility to drive the vehicle with full con-
centration. Lane Assist is activated via the
multifunction display and operates at
speeds above 65 km/h. A camera detects
the road markings.

A new feature is that the assistance sys-
tem is now able to support the driver
even if there is only one lane marking on
the right or left of the vehicle. If the sys-
tem recognises that the vehicle is about to
leave its lane, it steers in the opposite
direction. This countersteering takes place
very continuously and gently and can be
overridden by the driver at any time with
little effort.

LANE CHANGING ASSISTANT

In addition to Lane Assist there is now also
Side Assist, which supports the driver on
both sides when changing lanes. Visual
warning signals integrated into the exterior
mirrors warn drivers of vehicles that are in
blind spots or which are approaching
quickly from the rear. Vehicles are detected
by two 24 GHz radar sensors. The system
status is indicated by a multicolour illumi-
nated symbol. The system is always active
at speeds above 30 km/h and can therefore
also be used in urban areas.

The display philosophy within an infor-
mation stage and a warning stage has
proven itself in practice. In the informa-
tion stage, the displays are continuously
shown in the mirrors with a low level of
illumination. If the indicator is actuated in
the information stage, an intended lane
change is displayed. If a potentially dan-
gerous situation is detected, the driver is
alerted by brightly flashing LEDs. The
driver‘s attention is therefore drawn to the
corresponding rear view mirror, allowing
the driver to assess the situation accord-
ingly and cancel the lane-changing
manoeuvre if necessary.

PARKING ASSISTANT

The new Park Assist in the Passat is a sig-
nificant further development of the famil-
iar first-generation Park Assist. New fea-
tures include diagonal parking, leaving
tight parking spaces and a brake warning
systems, as well as extensions to the par-
allel parking function, @.
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TRAFFIC SIGN RECOGNITION

When the traffic sign recognition function
is activated, a multifunctional camera
detects the traffic signs in front of the
vehicle and, when the data from the cam-
era, the navigation system and the current
vehicle data have been evaluated, up to
three traffic signs currently in force (speed
limits or no overtaking signs) with the
corresponding additional signs are contin-
uously displayed on the instrument clus-
ter and on the map display of the naviga-
tion system.

The traffic sign that is currently in force
is shown in first place. A traffic signs that
is only conditionally applicable (for exam-
ple 90 km/h with the additional sign "In
wet conditions*) is displayed in second
place. If the car‘s rain sensor detects that:
rain is starting as the car is being driven,
the traffic sign with the additional sign
”In wet conditions*“ is moved to first
place, as it has now come into force.

FATIGUE DETECTION

In the Passat, Volkswagen is introducing
a fatigue detection function for the first
time. This function supports the driver
on long journeys by detecting reduced
driver concentration and displays visual
message in the instrument cluster recom-
mending that the driver should take a
break from driving. It also gives an
acoustic signal to support the display. An
algorithm evaluates signals in the vehicle
in order to draw conclusions about the
driver‘s drowsiness from his or her driv-
ing behaviour.

The most important signal is the steer-
ing angle, although many other signals
such as the use of the accelerator pedal,
lateral acceleration and the use of the con-
trols are also included in the assessment
of the driver‘s ability to concentrate. At
the beginning of the journey, the driver‘s
characteristic behaviour is analysed in
order to evaluate his or her drowsiness
when driving. If the driver does not take a
break, t he recommendation is displayed
again.
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A LITTLE BIT MORE ATTENTIVE
AUDI ACTIVE LANE ASSIST

“Audi active lane assist”, which was presented for the first time in the Audi A7, represents a new generation of
lane assist systems. The driver assistance system is capable of warning the drivers when they are about to leave
their lane unintentionally but also provides continuous assistance in keeping the vehicle in the middle of the lane
during normal driving. The basis is provided by the networking of electronic control units over the Flexray bus.
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BACKGROUND

Driving a car is a highly complex activity. Alongside selecting an
appropriate speed, one of the key factors is steering, and specifi-
cally keeping the vehicle in lane. This requires the driver to
maintain a constant eye on the road and to continuously monitor
the vehicle‘’s movement. Even a short lapse of concentration may
cause the vehicle to move unintentionally out of lane and collide
with other road users or crash in some other way. A look at the
accident statistics clearly underlines this problem: 32.9 % of road
traffic accident fatalities in Germany in 2008 resulted from vehi-
cles leaving their lane [1].

In view of this, it is advantageous to the automotive industry
to assist the driver in maintaining lateral control of the vehicle by
means of assistance systems.

Many European car makers offer lane departure warning sys-
tems aimed at preventing a vehicle from unintentionally moving
out of its lane. These systems use visual recognition of the lane
markings ahead of the vehicle to detect when it deviates from
them and warn the driver by a variety of methods according to
the specific manufacturer: by vibration of the steering wheel or
the driver‘s seat, or by means of an acoustic signal [2]. The
driver can decide, based on the warning, whether he or she
needs to react in the given situation by rapidly steering or brak-
ing as appropriate to avoid an accident.

However, in view of the often very short reaction time remain-
ing in the case of a suspected lane departure, an even better
method is not only to warn the driver but also to provide active
assistance in avoiding an accident. Active assistance instantly
indicates to the driver the correct action to take, thus shortening
the time needed to recognise the situation and decide on an
appropriate response. A variety of research projects indicate that
automatically setting steering torques on the wheel to provide
the driver with an intuitive feel for the right steering wheel
motion needed are capable of improving lane keeping [3] and, as
such, are superior to purely warning systems [4].

This method of assistance has another key advantage: whereas
lane departure warning systems are only designed to warn in the
event of a suspected critical departure from a lane - a situation
which is very rare, and is experienced by few drivers in their
actual driving practice - active assistance can help the driver in
staying normally within the lane. A lane keeping assistance func-
tion of this kind can provide drivers with continuous help in
keeping their vehicles in lane, making driving a more relaxed and
comfortable activity generally — and not only on long-distance
motorway journeys.

The “Audi active lane assist” feature, presented for the first
time in the Audi A7, represents a new generation of lane keeping
assistance by combining the aforementioned functions. Whereas
many present-day lane keeping assistants issue a warning only
shortly before the vehicle crosses a lane marking, Audi active
lane assist applies steering torques to the steering wheel which
help the driver to steer intuitively in a manner appropriate to the
given situation. Drivers can choose whether to have the system
only warn them shortly before the vehicle moves out of lane, or
whether it provides continuous assistance in keeping the vehicle
in the middle of the lane. In this way, the system is able to pro-
vide drivers with assistance which markedly enhances comfort
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while driving normally along motorways
and highways.

NEW GENERATION OF LATERAL
CONTROL ASSISTANCE

The basis for this assistance function is
provided by the networking of electronic
control units over the Flexray bus, which
provides timed data transfer and safe-
guards error and failure tolerance. All the
control units relevant to the function are
shown in @.

The first module in the system is a
CMOS-Mono-Video camera between the
interior rear-view mirror and the roof
module, which is capable of registering
eight independent road markings. The
system also differentiates between the
various line types (broken or solid) and
between line colours (yellow or white).
Lane detection poses a particular chal-
lenge because not only is the quality of
some lane markings poor, but also line
and gap lengths and line widths vary
widely across the world. There are also a

Multl Media Interface

LVDS cable
Contral unit of

electromechanical power
stearing system

Radar sensors

number of country-specific special fea-
tures, such as “Botts‘ Dots” in the USA.
A key factor in terms of the robustness
of such a system is that lines which are
not useful to lateral control functionality
are also detected and tracked. Stable rec-
ognition and classification of disturbing
infrastructure features such as crash bar-
riers or bitumen joints ensures that the
feature does not activate a false response
to them. The lines marking the lane in
which the vehicle is driving which are
relevant to lateral control are then plau-
sibility checked and selected by a soft-
ware module. The system is thus capable,
based merely on one detected lane mark-
ing, of assisting in more varied scenarios,
such as on country roads or even in com-
plex situations such as when driving
through road works.

The lane marking information is trans-
mitted over an LVDS cable from the cam-
era control unit to the image processing
control unit, where the actual control
algorithm of the Audi active lane assist
feature is executed. This algorithm addi-

CMOS-Mono-Video camera

tionally requires data relating to the vehi-
cle‘s status, such as its speed and the
steering wheel angle, which are received
over the Flexray bus. Those variables are
then used to calculate the actual trajectory
of the vehicle relative to the lane routing
ahead and to plot a target trajectory to
keep the vehicle in lane.

If all the basic conditions - such as a
vehicle speed of more than 65 km/h - are
met, assistance is made available and ena-
bled by way of a classification of the
given situation. The system then controls
the vehicle according to the difference
between the target and actual heading. It
also takes into account the driver‘s own
wishes and needs in terms of assistance,
calculated, among other criteria, on the
basis of the manual steering torque
applied to the wheel by the driver.

The ultimate control variable is the sys-
tem steering torque on the steering wheel,
which in the event of a lane departure is
transmitted over the Flexray bus to the
control unit of the electromechanical
power steering system. In contrast to

Steering column module

' Image processing control unit

Uitrasonic sensors

@ Audi active lane assist control units (red elements are essential, green elements enable functional add-ons)
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hydraulic steering assistance systems,
electromechanical power steering permits
controlled adaptation of the steering
moment characteristic and thus targeted
activation of steering torque to provide
lane keeping assistance. If the driver
allows those steering torques to take over,
the vehicle is gently guided back towards
the centre of the lane and maintained on
its predetermined heading. If the driver
steers against the system setting, or oper-
ates the turn indicator, it is assumed that
he/she is intending to change lane and
the assistance is cancelled. In addition to
actually activating the steering torques,
the electromechanical power steering con-
trol unit also limits the steering torques
and the associated gradients so that they
remain controllable by the driver in every
situation.

OPERATING AND DISPLAY CONCEPT

To ensure optimum interaction between
the driver and the system, a good operat-
ing and display concept is essential.
When the driver has activated Audi active
lane assist by way of a button on the indi-
cator lever (steering column module) and
the vehicle has exceeded a speed of 65
km/h, the system is enabled if at least one
road marking is detected. A status LED on
the dash panel indicates the system sta-
tus, and detected road markings are dis-
played graphically by way of a selective
assistance screen, @. The detected road
markings may also be depicted on an
optionally head-up display.

The driver can choose between two
assistance variants on the Car menu of
the vehicle‘s Multi Media Interface
(MMI). When “Steering input: late” is
selected, the system intervenes in the
steering shortly before a road marking is
crossed, thus helping the driver to avoid
unintentionally moving out of lane. If the
driver keeps to the centre of the lane, no
intervention takes place. The system can
thus intervene in critical situations with-
out impeding the driver‘s normal driving
practice. This mode of assistance is illus-
trated in ©.

In addition to lane departure warning
assistance, Audi active lane assist also
offers a further form of lateral vehicle con-
trol. On lengthy journeys especially, keep-
ing in lane can place a strain on the
driver, and this can be alleviated by a

ATZ 1212010 Volume 112

more active level of assistance. If the
driver selects the “Steering input: early”
setting, the assistance system generates
controlled steering torques in the event of
even minor deviations from the centre of
the lane, keeping the vehicle permanently
towards the centre position and thus help-
ing the driver continuously throughout
the journey. Even though Audi active lane
assist only intervenes with gentle steering
torque adjustments, it provides signifi-
cantly improved lane keeping and mark-
edly enhances driving comfort. A diagram
illustrating the assistance provided with
the “Steering input: early” setting is
shown in @.

If the driver wants a warning in addi-
tion to the steering assistance, an option
for the steering wheel to vibrate if a road
marking is crossed can be selected on the
MMI.

The basic principle is that responsibility
for control of the vehicle remains with the
driver in every situation. If Audi active
lane assist detects that the driver has
taken his or her hands off the steering
wheel, the system is disabled. It serves
only to assist the driver, and does not
replace the driver‘s own lane keeping
action.

MORE FUNCTIONALITY THROUGH
INTELLIGENT NETWORKING

To guide their vehicles safely through the
traffic, drivers not only have to follow lane
markings but also take into consideration
other vehicles or objects in the lane in
which they are driving or by the side of the
road. The sensor data collected by an
optionally fitted adaptive cruise control or
Audi park assist feature (parking system

@ System status (green LED) and detected road markings on central display: two road markings detected
(top), one road marking on the right detected (bottom)
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INDUSTRY ASSISTANCE SYSTEMS

© Assistance with “Steering input: late” setting

@ Assistance with “Steering input: early” setting

or park assistance system) enables Audi
active lane assist to offer even more tar-
geted assistance. If it unambiguously
detects that the driver wishes to overtake,
the system does not intervene when mov-
ing out of lane and back in, regardless of

whether the indicators are activated or not.

If the assistance system detects other vehi-
cles or crash barriers close to the vehicle
by way of its radar, video and ultrasonic
sensor systems, assistance is provided ear-
lier. The system thus intervenes in the
vehicle‘s steering precisely when really
needed, yet without impeding the driver‘s
normal driving practice.

Audi active lane assist represents a fur-
ther milestone in state-of-the-art driver
assistance systems from Audi, making
motoring considerably more comfortable.
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It enhances intelligent driver assistance
not only in dangerous situations but also
during normal driving.

REFERENCES

[11 Destatis: Verkehrsunfélle (Road traffic
accidents), German Federal Statistical Office,
Technical Series 8, Volume 7, December 2009

[2]1 Gayko, J.: Lane Departure Warning. In: Winner,
H.; Hakuli, S.; Wolf, G. (Hrsg.): Handbuch Fahrer-
assistenzsysteme (Handbook of driver assistance
systems). Wiesbaden: Vieweg+Teubner Verlag,
2009, p. 543-553

[3] Blaschke, C.; Breyer, F.; Farber, B.; Freyer, J.;
Limbacher, R.: Driver distraction based lane-
keeping assistance. Transportation Research

Part F: Traffic Psychology and Behaviour, Vol. 12,
Iss. 4, 2009, pp. 288-299

[4] Navarro, J.; Mars, F.; Hoc, J.-M.: Lateral Con-
trol Assistance for Car Drivers: A Comparison of
Motor Priming and Warning Systems. Human Fac-
tors, 49 (5), 2007, p. 950-960

personal buildup for Force Motors Ltd.



PEER REVIEW ATZ|MTZ

PEER REVIEW PROCESS FOR RESEARCH ARTICLES

IN ATZ AND MTZ

STEERING COMMITTEE

Prof. Dr.-Ing. Lutz Eckstein RWTH Aachen

Institut far
Kraftfahrzeuge Aachen

Prof. Dipl.-Des. Wolfgang Kraus HAW Hamburg

Department Fahrzeugtechnik
und Flugzeugbau

Prof. Dr.-Ing. Ferit Kucukay
Braunschweig

Technische Universitat

Institut fur Fahrzeugtechnik

Prof. Dr.-Ing. Stefan Pischinger RWTH Aachen

Lehrstuhl fur
Verbrennungskraftmaschinen

Prof. Dr.-Ing.
Hans-Christian Reuss

Universitat Stuttgart

Institut fur Verbrennungs-
motoren und Kraftfahrwesen

Prof. Dr.-Ing. Ulrich Spicher

Universitat Karlsruhe

Institut fur Kolbenmaschinen

Prof. Dr.-Ing. Hans Zellbeck

Technische Universitat Dresden

Lehrstuhl fur
Verbrennungsmotoren

ADVISORY BOARD

Prof. Dr.-Ing. Klaus Augsburg

Dr.-Ing. Markus Lienkamp

Prof. Dr.-Ing. Bernard Béker

Prof. Dr. rer. nat. habil. Ulrich Maas

Prof. Dr.-Ing. Michael Bargende

Prof. Dr.-Ing. Martin Meywerk

Prof. Dipl.-Ing. Dr. techn. Christian Beidl

Prof. Dr.-Ing. Klaus D. Muller-Glaser

Dr.-Ing. Christoph Bollig

Dr. techn. Reinhard Mundl

Prof. Dr. sc. techn. Konstantinos Boulouchos

Prof. Dr. rer. nat. Cornelius Neumann

Prof. Dr.-Ing. Ralph Bruder

Dr.-Ing. Lothar Patberg

Dr. Gerhard Bruner

Prof. Dr.-Ing. Peter Pelz

Prof. Dr. rer. nat. Heiner Bubb

Prof. Dr. techn. Ernst Pucher

Prof. Dr. rer. nat. habil. Olaf Deutschmann

Dr. Jochen Rauh

Dr. techn. Arno Eichberger

Prof. Dr.-Ing. Konrad Reif

Prof. Dr. techn. Helmut Eichlseder

Prof. Dr.-Ing. Stephan Rinderknecht

Dr.-Ing. Gerald Eifler

Dr.-Ing. Swen Schaub

Prof. Dr.-Ing. Wolfgang Eifler

Prof. Dr. sc. nat. Christoph Schierz

Prof. Dr. rer. nat. Frank Gauterin

Prof. Dr. rer.-nat. Christof Schulz

Prof. Dr. techn. Bernhard Geringer

Prof. Dr. rer. nat. Andy Schurr

Prof. Dr.-Ing. Uwe Grebe

Prof. Dr.-Ing. Ulrich Seiffert

Prof. Dr.-Ing. Horst Harndorf

Prof. Dr.-Ing. Hermann J. Stadtfeld

Prof. Dr. techn. Wolfgang Hirschberg

Prof. Dr. techn. Hermann Steffan

Univ.-Doz. Dr. techn. Peter Hofmann

Dr.-Ing. Wolfgang Steiger

Prof. Dr.-Ing. Bernd-Robert Ho6hn

Prof. Dr.-Ing. Peter Steinberg

Prof. Dr. rer. nat. Peter Holstein

Prof. Dr.-Ing. Christoph Stiller

Prof. Dr.-Ing. habil. Werner Hufenbach

Dr.-Ing. Peter Stommel

Prof. Dr.- Ing. Roland Kasper

Prof. Dr.-Ing. Wolfgang Thiemann

Prof. Dr.-Ing. Tran Quoc Khanh

Prof. Dr.-Ing. Helmut Tschoke

Dr. Philip Kohn

Dr.-Ing. Pim van der Jagt

Prof. Dr.-Ing. Ulrich Konigorski

Prof. Dr.-Ing. Georg Wachtmeister

Dr. Oliver Krocher

Prof. Dr.-Ing. Jochen Wiedemann

Dr. Christian Kruger

Prof. Dr. techn. Andreas Wimmer

Univ.-Ass. Dr. techn. Thomas Lauer

Prof Dr. rer. nat. Hermann Winner

Prof. Dr. rer. nat. Uli Lemmer

Prof. Dr. med. habil. Hartmut Witte

Dr. Malte Lewerenz

ATZ 1212010 Volume 112

PEER REVIEW RESEARCH

Scientific articles of universities in ATZ
Automobiltechnische Zeitschrift and MTZ
Motortechnische Zeitschrift are subject to a
proofing method, the so-called peer review
process. Articles accepted by the editors are
reviewed by experts from research and in-
dustry before publication. For the reader,
the peer review process further enhances
the quality of the magazines' content on a
national and international level. For authors
in the institutes, it provides a scientifically
recognised publication platform.

In the ATZ | MTZ Peer Review Process,
once the editors has received an article, it is
reviewed by two experts from the Advisory
Board. If these experts do not reach a unan-
imous agreement, a member of the Steering
Committee acts as an arbitrator. Following
the experts’ recommended corrections and
subsequent editing by the author, the article
is accepted.

In 2008, the peer review process utilized
by ATZ and MTZ was presented by the WKM
(Wissenschaftliche Gesellschaft fir Kraft-
fahrzeug- und Motorentechnik e. V./German
Professional Association for Automotive and
Motor Engineering) to the DFG (Deutsche
Forschungsgemeinschaft/German Research
Foundation) for official recognition.

PEER REVIEW

»
<
%
%

45

personal buildup for Force Motors Ltd.



RESEARCH SAFETY

AUTHORS

CURRENT AND FUTURE DEVELOPMENTS
IN THE AREA OF PEDESTRIAN
PROTECTION ON MOTOR VEHICLES

The requirements for pedestrian protection of passenger vehicles will be increasing
within the next years. The component-based methods, which originate from the work
of the EEVC WG 17, are widely used in pedestrian protection testing procedures.
The development of the testing procedures described in the following pages by
RWTH Aachen University aims at bringing real world scenarios as accurately as
possible into the test lab.
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1 INTRODUCTION

In legislation, all relevant demands regarding the pedestrian pro-
tection performance of vehicles are stated in Regulation (EC) No.
78/2009 [1]. The global harmonization of standards has also been
implemented within the framework of Global Technical Regulation
(GTR) No. 9 [2]. The first phase legislations were already intro-
duced in 2005 in Europe, while Japan was using similar require-
ments. The introduction time of the more demanding require-
ments, specified in the so-called phase two, has been determined
depending on the vehicle classes and masses. Euro NCAP has al-
so fulfilled a step to harmonize its testing procedures according to
the legislative requirements by the end of 2009. A new rating sys-
tem will put much more focus on pedestrian safety by introducing
an “overall rating” with a so-called soft landing by 2012. The next
step will be to introduce the new flexible legform FlexPLI, which
has been developed in Japan.

The component-based methods, which originate from the work
of the EEVC WG 17, are widely used in pedestrian protection test-
ing procedures [3]. The development of the testing procedures de-
scribed in the following pages aims at bringing real world scenar-
ios as accurately as possible into the test lab. The accuracy of the
hardware testing methods can be improved by using supplemen-
tary numerical simulations to analyse accident kinematics.

On the vehicle-side, active safety systems for the prevention
of accidents are supplemented by the passive safety systems with
the aim of mitigating the injuries in case of an unavoidable ac-
cident. In addition to the purely-passive solutions, the deploya-
ble protection systems, e.g. pop-up bonnets and external pedes-
trian airbag systems, are also investigated to fulfil the new re-
quirements. Furthermore, an integrated head protection concept
that merges the pop-up bonnet functionality with an advanced
pedestrian airbag and a deployable impact plate is developed and
presented in the following.

(1] Vehicle-pedestrian impact scenario

2 VIRTUAL AND HARDWARE METHODS FOR
VEHICLE-PEDESTRIAN COLLISION ANALYSIS

In a vehicle versus vulnerable road user accident scenario, the
primary impact consisting of the interaction of the human with
the vehicle is followed by the secondary impact with the ground.
There are three characteristic impact areas on the car front for
the primary impact. In a typical collision, the pedestrian first hits
the bumper with the legs, starts wrapping around the bonnet lead-
ing edge, and finally, the head impacts the bonnet or the wind-
screen area, @. The collision can be investigated using virtual
analysis methods such as a coupled simulation setup that utiliz-
es the interface between the multi-body solver (Madymo) and the
finite element-solver (LS-Dyna). Thus, the validated human mod-
els can be used together with the realistic deformations of the ve-
hicle parts.

The hardware testing with the Polar |l dummy (Pedestrian dum-
my fOr LAboratory Research) [4] has the advantage of represent-
ing the whole body of a pedestrian, which means that the impact
points of the body parts, such as the head, depend on the whole
body kinematics of the pedestrian. High speed sequences of 40
km/h crash tests with a series vehicle and a vehicle modified by
installing a pedestrian airbag system can be compared, @. In
these tests, the injury values during the primary impact and the
overall kinematics until the secondary impact can be analysed in
detail.

ATZ 1212010

Volume 112

@ Polar II dummy tests with the series and
the modified vehicle [4], time in [ms]
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3 TEST PROCEDURES FOR EVALUATING
PEDESTRIAN SAFETY

Pedestrian-side studies focus on the testing procedures to assure
their accuracy, simplicity and reproducibility. Subsystems, i.e. lin-
ear head and leg impactors, are currently utilized due to factors such
as cost and availability, although the whole body kinematics and the
interactions between the human body parts cannot be studied, © left.

Current procedures and subsystem tests are continuously studied
and improved for a better representation of the reality, ®, right. For
higher front end vehicles like SUVs, an effective mass representing
the upper body is added to the flexible legform impactor FlexPLI to
improve the bending and rotational behaviour of the upper leg [5].
For the head motion, a rotational trajectory or an eccentric neck
mass are introduced to better reflect the dependency of the head
on the body motion as well as the head-neck interaction [6].

© Current test methods and
advanced testing research

3.1 LEG IMPACT WITH FLEX-GT AND UPPER BODY MASS
Numerical simulations of pedestrian lower and upper leg impacts
as defined by Regulation (EC) No. 78/2009 are documented in
[7] to assess the existing pedestrian lower extremity regulatory
test procedures. These investigations have clearly highlighted
that the biofidelity of the EEVC WG17 legform impactor is limit-
ed and the lack of an upper body mass prevents its use in the
case of high bumper vehicles.

Possible improvements for the lower leg impactor procedure are
investigated by the new impactor Flex-PLI, @ left. For this pur-
pose, the Flex-GT status of the legform is used. A more up-to-date
status, the Flex-GTR, is currently introduced to the legislation.
Simulations with the leg impactor against a large family car and a
large sport utility vehicle have been performed to cover the range
with low and high bumpers [8]. The dependency of the tilting
movement direction of the legform after the impact on the bump-

s
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O Simulations and hardware tests
with Flex-GT [7,8]
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er height of the vehicle can be clearly identified in, @, middle,
which shows the position of the centre of percussion relative to the
bumper height. Furthermore, SUV validation tests with and with-
out the upper body mass have been carried out to compare the re-
sults of the two Flex-GT versions, @, right.

Test results indicate that the addition of an upper body mass of
approximately 6 kg improves the kinematics of the femur especial-
ly for large sport utility vehicles and provides a better representa-
tion of the reality [5]. An advantage is that the current test facili-
ties are sufficient to propel the impactor with the upper body mass.

3.2 HEAD IMPACT WITH PENDULAR

AND ECCENTRIC MASS IMPACTORS

During the last years, pop-up bonnets received interest from the
industry and will be more used in the future, which will influence
the kinematics, especially for the head, in pedestrian-vehicle col-
lisions. The contact location of the head can either be the sharp
edge of the lifted bonnet-end or the gap between the bonnet and
the windscreen, where new injury risks such as skull fracture may
occur. The current EEVC linear impactor test, however, cannot
meet the evaluation requirements of this new contact typology, be-
cause it neither estimates the contact pressure nor follows the
head rotational trajectory.

In order to overcome this problem, an improved method making
use of an impactor with the focus on the rotational movement of
the head, and a pressure-based criterion has been developed [9].
The headform impactor prototype, which is a pendulum with a
force sensor based on the EEVC adult head, has been used to ver-
ify the high-pressure level achieved in head to edge impact. Two
different crash configurations are performed, i.e. edge and flat
contact, @. The area through which impact force is transferred is
marked in red together with the border of the force sensor (black).
The result is obvious that the edge impact resulting in a 10 MPa
maximum pressure represents a higher risk of injury than the flat
impact with the pressure of 0.5 MPa [6].

Another approach for a better representation of the head rota-
tion for the flat contact is the usage of an additional mass con-

3 R

Force [k}
@

@ Tests and the corresponding injury risks

nected to the headform by an element which stands for the neck.
Studies regarding the dependency of the head and neck region
on the rest of the body show that coupling of the head with the
body cannot be neglected, because angular accelerations could
be extensive and dangerous [6]. However, this situation is not re-
flected by the current head impactors. An improvement is
achieved by connecting an additional mass to the original head-
form with a certain joint characteristics. From the hardware tests
with the eccentric mass impactor, which makes use of the Hy-
brid Il neck, it is concluded that the improved impactor is able
to realize the angular accelerations predicted in the human mod-
el simulations, @.

4 VEHICLE-SIDE MEASURES

Innovative active safety systems rely on pedestrian recognition
methods in order to prevent accidents or reduce the impact veloc-
ity. Detection of pedestrians is a challenging task due to the diffi-
culty of identifying the pedestrians and differentiating the ones
posing a risk from the other road users and the surrounding. Us-

O Head impactor with neck and
additional mass [6], time in [ms]
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ing technologies such as sensor fusion, stereo cameras, radar, lidar
and infrared sensors, pre-crash detection is possible. In addition
to warnings and braking interference, the pre-detection can also
be used for triggering the preparation phase of passive safety sys-
tems. Since passive safety systems are mostly irreversible, e.g. the
pedestrian airbag, their activation has to be confirmed by the ac-
celeration- and contact sensors, which have a higher reliability
than the pre-crash sensors. The sensor testing methods or the
sensing technologies are not discussed in detail within the context
of this paper.

Purely passive solutions imply material or geometry optimiza-
tions, which are preferred in terms of simplicity and cost. Sharp
edges of the body are eliminated and a more continuous front
shape is adopted. During the design process, measures are taken
to provide more room between the bonnet and the engine block in
order to increase the available deformation space. Aluminium is
an increasingly preferred bonnet material with a lower stiffness to
utilize this space for a better protection performance. Deployable
protection systems, alternatively, are gaining more and more im-
portance due to the tightening demands of legislation and con-
sumer testing. Some of the series production vehicles leading the
development in this area are Citroén C6, Jaguar XK and Honda
Legend (2005/2006, first implementation of deployable bonnets),

(7] Hybrid protection system prototype

Mercedes E-Class (2009, first reversible deployable bonnet) and
BMW 5-Series (2010, fibre-optic sensors and fully deployable bon-
net capable of front and back elevation).

4.1 PEDESTRIAN AIRBAG WITH DEPLOYABLE BONNET
Deployable bonnets, which offer an improvement for the torso and
head impact area, increase the distance between the bonnet and
the stiff engine parts. Another solution for reducing the head im-
pact severity, also for the windscreen region, is using a U-shaped
airbag system combined with a bonnet lifting function. Providing
additional deformation space in the bonnet area, covering the hard
structures, especially the A-pillars, and closing the gap between
the bonnet rear end and the windscreen base are the main bene-
fits. Dummy tests with a sedan, travelling at 40 km/h average and
a 90 | airbag have indicated a 42 % HIC reduction, 60 % neck
force decrease and 30 % neck moment reduction for the airbag-
equipped vehicle in comparison to the series vehicle [4].

On the other hand, vent holes used in the occupant airbags for
energy absorption cannot be employed, due to the high volume
and the required sustaining time of the pedestrian airbag, during
which the pressure has to be maintained. This leads to the lower
energy absorption of the airbag resulting in an increased risk of
head rebound.
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4.2 ADVANCED AIRBAG SYSTEM WITH VENT HOLES

For a further improvement of the protection in the bonnet rear re-
gion and the rebound behaviour of the airbag, a hybrid system is
reasonable. A prototype of the system has been designed and built
at ika for demonstrational purposes, while the simulation model
has been created for assessing the effectiveness of this idea [10].
In such a system, the gap between the bonnet and the windscreen
is completely closed by the so-called impulse plate in the middle
region where there is enough deformation space, @ left-1, and by
the airbag in the region close to the A-pillars where no deforma-
tion space is available, @ left-2. Thus, the discontinuity in this re-
gion is minimized by the combined airbag-plate design, resulting
in a favourable bending angle of the neck. Also, the head is pro-
tected from the sharp bonnet rear edge. Such an impulse plate,
e.g. flat aluminium plate, and an airbag can be packed inside a
module that is mounted on the lower surface of the bonnet rear,
@ right.

The reduced size of the pedestrian airbag makes the usage of
pressure triggered vent holes on the airbag possible, so that the
well-known behaviour of airbags used for occupant protection
systems can be utilized to minimise the undesired rebound ef-
fect. Furthermore, for the central region, the energy absorption
of the head can be optimized by the design of the impulse plate,
which normally lies under the bonnet and deploys by sliding to-
wards the windscreen. The HIC reduction due to the optimized
energy absorption on the airbag and the impulse plate, and the
improvement in the airbag rebound effect, are proven by simula-
tions, @. However, these simulations have to be validated by
head impactor tests on the prototype. Furthermore, there are de-
sign concerns regarding the robust deployment of the mechanism
that have to be solved for the series application of such an early
stage system.

5 CONCLUSION

Pedestrian protection constitutes a design challenge due to signifi-
cant trade-offs with e.g. visibility and occupant protection. Con-
sidering the requirements, intelligent systems including accident
prevention, structural measures, and deployable systems are cur-
rently studied. Furthermore, methods for evaluating the protection
offered by these systems are designed concurrently.

The behaviour of the pedestrian body in an accident is studied
with the help of full-scale methods. Virtual analysis and hardware
testing are used to investigate the effects of the complex protection
systems. Applications for both methods have been utilized and prov-
en to be helpful in understanding the overall accident kinematics.

It has been shown that the existing component-based test
procedures are not able to recreate the real world conditions. The
upper body mass addition to the legform Flex-GT has improved the
kinematics, especially for high front vehicles, e.g. SUVs. Moreover,
the pendular head impactor has indicated the risks related to the
head impacting the sharp bonnet rear edge, and the headform with
the additional mass has successfully represented the head-neck
interaction that exists in real world accidents.

The studies targeting a more accurate representation of the re-
al world accidents will shape the future of testing protocols. Cur-
rently, the approach is combining the full-scale virtual analyses
of the accident kinematics with the hardware component-based
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methods using the previously determined boundary conditions.
The suggested protection systems based on these results, such
as airbags and their combinations with the other systems (hy-
brids), have a considerable potential for the comprehensive pe-
destrian protection, and can be considered as the basis for the
future development of pedestrian safety measures in vehicles.
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