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Encounter Augmented Reality
		Experience video footage
with your iPhone, iPad or Android smartphone.

Scan the QR code in this magazine with your iPhone,
iPad or Android device and
experience the Audi technologies in action!

Dear reader,

In my new function as Board Member for Technical
Development at AUDI AG, it is my pleasure to welcome you for the
first time to this latest edition of our technology magazine. Audi
stands for premium values, progressiveness and sporting character.
We want to be number one – on the race track and with our seriesproduction models. Our engineers and technicians pursue this aim
with enormous passion – an approach that I very much share.
The conception and development of new automobiles
is as exciting today as it has ever been. And in all imaginable areas
of vehicle technology, the speed of change is incredibly high.
Rapid progress in electronics, the inclusion of the car,
its driver and passengers in an increasingly networked world, is one
of the greatest challenges. It opens the doors to untold opportunities in active safety on the one hand, and to comfort and convenience on the other. Audi is well out in front in this particular regard
– such as in its use of the new LTE mobile communications standard,
which is making integrated Audi connect services ever faster and
more multi-faceted.
Another, more fundamental, challenge for Audi is to
guide individual mobility into the future. We are working on this
with clear targets for reducing the fuel consumption of our vehicles
through ultra-lightweight design technology and further increases
in the efficiency of our internal combustion engines. Electromobility
also has an important role to play in this, especially in combination
with internal combustion engines as plug-in hybrids. In developing
the all-electric super sports car, the Audi R8 e-tron, we have once
again pushed back the boundaries of the technically possible to
scale new heights. As a technology showcase, the R8 e-tron incorporates a host of new technologies that will play a major role in our
future high-volume series-production models.
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We also see particularly promising potential in the further development of hybrid drive concepts, such as Dual-Mode
Hybrid technology. It brings together the best of two worlds – allelectric and local zero-emissions driving with the compelling independence and range of an efficient internal combustion engine.
The mobility needs of people living in cities and urban areas can
thus be perfectly combined with the necessity to cover longer distances, too.
A further element in our sustainability strategy is alternative fuels for internal combustion engines. Audi is working on
generating Audi e-diesel and e-ethanol with the aid of microorganisms – a technology that could facilitate the long-term replacement
of fossil fuels by renewable fuels. The following pages also include
a great deal of interesting information on the exciting steps being
taken along the path to largely CO₂-neutral mobility.
And, of course, we learn a great deal from the race
track, too. Audi’s total of eleven victories achieved over recent years
at the 24 Hours of Le Mans is thanks in part to the superior technology of TDI drive. This year, the motorsport team has set yet another milestone with the first win by a hybrid system. Our customers will benefit from this, too.
In this latest edition of our technology magazine, you
will find out more about some of the topics and ideas on which we
are working with great passion, and with which we want to go forward with you into the future. Enjoy!

The conception and development of new automobiles is as
exciting today as it has ever been. And in all imaginable areas of
vehicle technology, the speed of change is incredibly high.
Wolfgang Dürheimer

Wolfgang Dürheimer, Member of the Board of AUDI AG
responsible for Technical Development.

Yours truly,
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Audi crosslane coupé
The consistent evolution of the design DNA – the crosslane
coupé concept car combines many new design details
with innovative lightweight design and hybrid technology.

ultra
The sill is one of the visible parts of the
Multimaterial Space Frame.
→ page 26

Audi R8 e-tron
The R8 e-tron technology showcase demonstrates how emotional
and dynamic the future of electromobility can be. Audi has
realized a great many innovative ideas in this rolling hi-tech laboratory.

389
389 is the battery voltage.
It has a capacity of 48.6 kilowatt hours.
→ page 42

Audi e-Diesel Project
Audi is promoting the development of sustainable,
CO₂-neutral fuels and does so with an innovative technology –
microorganisms produce diesel and ethanol.

1/1000
The cyanobacteria measure just a few
thousandths of a millimeter. As single-cell organisms,
they are one of the oldest lifeforms on earth.
→ page 90

Lamborghini Sesto Elemento
A highly exclusive pleasure, with a total of just
20 units to be built – the Lamborghini Sesto Elemento
is carbon-fiber lightweight design in its extreme.

999
999 kilograms is the curb weight of the
V10 super sports car.
→ page 128

Auto Union type D twin supercharger
The beauty of technology is evident in the inimitable form
of the Auto Union Grand Prix race car. In the late 1930s,
it united an innovative concept with the highest level of perfection;
today, it is a milestone in automotive history.

485
485 horse power were generated by the
twin-supercharged twelve-cylinder – for the substantial drum brakes,
an often virtually insurmountable challenge.
→ page 136

Mindset
		It was the courage to innovate that put Audi at the top.
The company wants to expand its lead with a constant stream of new ideas
and with a clear approach.

Mindset.
16
26
34
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The Beauty of Power
DNA Evolution
Audi Urban Future Award 2012
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Ducati Panigale
This is where the boss drives – Wolfgang Dürheimer
is the Board Member for Technical Development at Audi
and a passionate motorcycle fan. He loves high performance on both four and two wheels, which makes the
1199 Panigale S the perfect choice for him.
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Audi and Ducati are full-blooded racers, driven by a
passion for the beauty of power and expert in
fields such as systematic lightweight design and
efficient high performance.
Wolfgang Dürheimer
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Motorcycle designers cultivated lightweight
design in series production very early on, and Ducati
has long held the absolute lead – like Audi in cars.
Wolfgang Dürheimer

Text
Hermann Reil

Photos
Alexander Herold

A thick cloud of sound forces its way through
the narrow valley in southern Germany’s All
gäu. There is no question that this is someone going flat out. The
exquisite sound of pure power echoes for a long time between the
rock faces, completely unforced and totally natural. It takes a moment for the image that matches the sound to appear, then the red
Ducati 1199 Panigale S sweeps elegantly around the last hairpin.
Two more downshifts and it rolls to a halt on a small parking lot.
Wolfgang Dürheimer opens his visor and grins from ear to ear – the
super athlete from Ducati is obviously very much to his liking.
It couldn’t have been any better for either side. For the
team from the Borgo Panigale area of Bologna, Wolfgang Dürheimer
is a true stroke of luck. And for Audi’s new chief engineer this “addition to the family” in the form of group subsidiary Ducati is a lot
more than simply an expansion of his responsibilities. The two were
made for each other. Both are full-blooded racers, driven by their
passion for the beauty of power and expert in fields such as systematic lightweight design and efficient high performance.
Passion and calling – these kinds of emotional words
are not overdone in this context. Dürheimer says that Ducati is
“Italian in the extreme”, meaning with that fervor and enthusiasm.
“More than 300 victories in the Superbike World Championship and
the MotoGP – the Formula 1 of motorcycle racing – that is absolute
ly exceptional.” And he sees enormous potential arising from the
coming together of Ducati and Audi. “The unique mix of Italian tem
perament and innovative restlessness, paired with German precision
and systematic organization will be enormously beneficial to both
parties.” As Board Member for Technical Development at AUDI AG,
Dürheimer is involved in all important decisions taken at Ducati.
The passion for the grand opera on two wheels is a
major feature in Dürheimer’s biography. At the age of just twelve
years, he was already riding his first motorbike off-road, quickly
developing to become a passionate trail biker. One of his early mentors was Manfred Poschenrieder, the European dirt-track champion
of the time and owner of a cylinder grinding shop. Driving technique was just as much a part of the program for young trainee
Dürheimer as increasing the output of an engine. Above all, he learnt
to value perfection as an essential pre-requisite for victory. “If you
want absolute success, you can never leave anything to chance,”
was his intensive lesson.

No ornamentation – completely reduced
to function, but with careful attention
to every detail. This is how Ducati presents
the beauty of technology.
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It was a matter of course that Wolfgang Dürheimer also
made motorcycles his first professional subject. His final-year project was to design a new kind of rear axle suspension for BMW racing
motorcycles. This later became the paralever swinging fork, now a
feature in many of the brand’s series-production models. The racing
bug maintained its firm grip on Dürheimer. The graduate engineer
joined the racing team as a mechanic and worked on the Paris-Dakar
Rally four times. And here, too, it was racing riders with a drive for
absolute performance and perfection that had the most profound
impact on him – like Gaston Rahier, the three-time Motocross World
Champion. A few years later, Dürheimer became Head of Develop
ment for BMW Motorcycles.

Ducati 1199 Panigale S
Technical data
Drive
Superquadro
L-shaped, liquid-cooled two-cylinder,
4 valves per cylinder with desmodromic control
1,198 cm³
143 kW (195 hp) at 10,750 rpm
132 Nm at 9,000 rpm
8-phase traction control
Adjustable riding modes, power modes
6-speed spur gear transmission
Chassis
Aluminum monocoque
Front:
Öhlins upside-down fork, compression and
rebound electronically adjustable
2 semi-floating brake discs with 330 mm diameter,
Brembo monobloc 4-piston calipers
Rear:
Öhlins damper element, electronically controlled
Brake disc 245 mm, 2-piston caliper
ABS can be deactivated
Curb weight 166.5 kg
Driving weight 190.5 kg

When you are out in front, there are no more
tracks to follow. Then you have to set your own direction;
then you have to define your own objectives
Wolfgang Dürheimer
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Wolfgang Dürheimer enjoys the ride with
the P
 anigale. His private garage is already home
to four motorcycles, but the Board Member
for Technical Development also loves performance
on four wheels. His current company car is an
Audi S6 Avant with 309 kW (420 hp).

“Motorcycle designers cultivated lightweight design in
series production very early on, and Ducati has long held the absolute lead – like Audi in cars,” says Dürheimer, casting his eye over
the current 1199 Panigale. The brilliant red Italian has a curb
weight of just 166.5 kilograms, making it the lightest superbike in
its class. With an output of 195 hp, every single one of those kilograms is fired by 1.17 hp – a sensational power-to-weight ratio. The
reward is, for the non-superbike rider, an utterly unimaginable level
of performance. “It comes from the high degree of functional inte
gration; every component has to fulfill several tasks simultaneously. So, for example, the Panigale’s front carbon-fiber monocoque is also the engine’s airbox. No additional parts are required.”
Dürheimer is also impressed by the Ducati’s electronics
– especially when, a short time later, a few gray clouds deposit their
damp load on the back roads of the Allgäu. “In view of the power
output and the virtually zero-profile sports tires, I am grateful for
such a highly developed level of traction control,” reckons the professional rider, who currently owns four motorcycles. Similar to
“drive select” in the current Audi models, the Panigale has a range
of “riding modes” on offer. The power modes in the engine control
allow for a reduction in output down to 120 hp. The rear-wheel
damping is also electronically controlled.
After a succession of motorcycles, the car finally makes
an appearance in Dürheimer’s resume, and in the alluring form of
the Porsche 911. The native of Allgäu moved to Stuttgart, where
he spent eighteen months in charge of the legendary rear-engine
model range before being appointed Board Member for Technical
Development. “At Porsche, I was among racers, as I am now at
Audi,” recalls Dürheimer. “I feel at ease where the quality of a new
model is also evaluated on the basis of its lap time.” His work on the
Carrera GT as a road-going race car was a “unique experience”, the
concept for the Porsche 918 hybrid super sports car a legacy.
His next professional stop was the top-luxury segment,
when Dürheimer took over management of the Bentley and Bugatti
brands – extremely powerful vehicles with highly sophisticated
workmanship and an exclusive clientele. The fact that Bentley will
soon be returning to motorsport is a further legacy.
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It is thus a natural progression that Dürheimer is now
responsible for product development at Audi, as well as motorsport
strategy for the entire Volkswagen Group. “Audi is currently one of
the most successful brands on the world’s race tracks. Our engineers have real bite,” says the chief engineer referring to victory at
the World Endurance Championship, eleven Le Mans wins, six DTM
titles and an endless stream of touring car and sports car championships over recent years.
“But also in terms of attention to detail, in workmanship, in surface finish, Audi is the global benchmark. And we are
driving progress through ongoing and persistent innovation,” states
Dürheimer with conviction. The chief engineer particularly appreciates the emotional presentation of technology. The ten-cylinder in
the Audi R8 is for him the perfect example; on show beneath the
transparent engine cover, as if in a display case, framed by carbonfiber components and even illuminated. Here, too, the Board Mem
ber for Technical Development makes a comparison with Ducati.
“The skilful presentation of the details, the perfection of the surface finishes and the workmanship were and are clear indications
of Ducati’s groundbreaking role in the high-performance motorcycle segment.” Polished aluminum machined from solid, artistically set titanium fasteners, perfectly laid wiring – the beauty of
power is presented just as lovingly by Ducati as it is by Audi.
And one more common attribute should not be overlooked – the Panigale S illuminates the road with headlamps in
full-LED technology. In this field, too, Ducati is a pioneer – just like
Audi. “There can be no doubt that the two brands will set many
more technical milestones in future, too,” says Dürheimer. “When
you are out in front, there are no more tracks to follow. Then you
have to set your own direction; then you have to define your own
objectives.”

Perfection is the essential pre-requisite
for victory. If you want absolute success, you can
never leave anything to chance.
Wolfgang Dürheimer
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Journey into the future
		A car that is small in stature but big in significance –
at first glance, the Audi crosslane coupé concept car is clearly
a typical Audi, but it goes a long way to taking the brand’s genetic
code to the next level.

DNA Evolution
Text
Regina Brand

Photos
Alexander Herold

Taken in stages – Audi crosslane coupé in
the Concept Design Studio, Munich. The Space Frame,
the final concept car and the clay model.
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1

The crosslane coupé stands for clear, evolutionary
development with a big exclamation mark. It gives us
impulse for the new direction we have taken.
Achim Badstübner

2

3

The light is bright and powerful;
here in the Audi Concept Design
Studio in Munich nothing is hidden. But the precise light
is good for this car – because precision is a key characteristic of the Audi crosslane coupé. The concept car
from the 2012 Paris Auto Show presents a clear evolution of the brand’s design DNA – and also offers a first
glance into the future of the Q models. The crosslane
coupé was created here under these lights in the Munich
design studio. “The crosslane coupé stands for clear,
evolutionary development with a big exclamation mark.
It gives us impulse for the new direction we have taken,”
explains Head of Exterior Design Achim Badstübner.
Badstübner is a time traveler. In his everyday work, he is always a few years ahead, working on the
models of the next generation, or even the one after. A
concept car offers the opportunity to bring details of
this future into the present. The 48 year-old has worked
for Audi Design for 13 years and is responsible for the
brand’s exterior design.

4
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Badstübner carefully strokes the sharp lines
and gentle curves of the bodyshell. Good design is some
thing you should not only see, but also feel. “The main
thing is the clear line, the defined stroke. The lines in
the design of an Audi have a strong, distinctive character. Curved surfaces stand in antithesis to clear lines –
which produces the right contrast.” Badstübner draws
parallels, “In many things, it is a question of contrasts
– a good drawing or a good photo, and even life itself,
are all full of contrasts. And the same thing applies to
a car. It is these contrasts that define the sex appeal of
the Audi crosslane.”

1

Finger exercise – Achim Badstübner,
Head of Exterior Design at Audi, explains the
contrast of clear lines and curved surfaces.

2

The power of illumination – trapezoidal
front headlamps with Audi’s LED Matrix tech
nology.

3

Signature – LED rear lights with vertical
bars. The design is based on the lights from
motorsport.

4

Clarity – the interior design is reduced to the
minimum.

1

The lightweight design technology becomes a direct
experience every time you drive the car. It is transparent
from the outside and therefore authentic.
Achim Badstübner

2

His favorite element is the C-pillar, which
flows seamlessly into the shoulder. The subtle tautness
of the fender transitions into the characteristic C-pillar,
which lies at a very acute angle. The rounded wheel
arch, on the other hand, makes a powerful statement.
“It is this synthesis of contours and surfaces that makes
the design so fascinating.” Badstübner touches the
flowing surface around the fuel cap on the C-pillar, “The
surfaces have exactly the right degree of tension. It
gives the car a very athletic, sinewy look. It is a sporty
elegance that underscores the robust, powerful and
solid character of the SUV.”
The characteristic front end – a preview of
future Q models – is the most distinctive element of the
crosslane coupé. The Audi rings, in an all-new setting
that appears to put them on a stage, are framed by the
robust, sculpted form of the Singleframe grille.
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It is part of the Multimaterial Space Frame,
the load-bearing structure of the concept car, which is
also visible in other areas – through two narrow openings in the hood, for example, that offer a view of an
aluminum beam. Badstübner opens the driver’s door
and points to the floor, “When you climb in, for instance, you notice the sill as part of the Space Frame.
This offers a direct experience of lightweight design
every time you drive the car.”

3
1

Characteristic – C-pillar with subtly curved
fender and sharp contours.

2

Visible – the Multimaterial Space Frame
can be seen from outside through the narrow
openings in the hood.

3

Authentic – the technology of the Multimaterial
Space Frame also impacts its design.

4

Thought through – the three-dimensional
grille was created in close cooperation
with the Audi Lightweight Design Center at
the Neckarsulm plant.

4
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1

The interior is open in the direction of travel;
interior and exterior design flow into one another to
create an harmonious whole.
Achim Badstübner

2

4
3
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But the presentation of technology through
design is also evident in the A-pillar, the carbon trim in
the cockpit, the edging of the window frames and the
trunk cover panel. “It is transparent from the outside
and therefore authentic,” sums up Badstübner. This can
be seen in the extending door handles, the headlamp’s
Matrix LED technology or the way the removable roof
locates in the rear jump seat when stowed in the trunk,
ready to be pulled forward.
At the same time, the concept car’s new
technologies facilitate efficient lightweight design.
Badstübner looks at the interior of the SUV with its
sporty seats and minimalist instrument panel. The
stringent design of the interior is particularly evident
from the rear seat row. “The lines surge forward out of
the door panels toward the Singleframe grille,” explains the designer, adding with a spirited gesture, “The
interior is open in the direction of travel. Interior and
exterior design flow into one another to create an harmonious whole.”
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Badstübner sees contrast in the overall design, as well as in the details. “The basic form of the
radiator grille is repeated in the interior air vents, for
example. And the minimalist exterior design is also carried into the interior. The yellow accents are very subtle,
while the aluminum applications underscore the simplicity of the overall image.”
Be it inside or out, the crosslane’s appeal
lies in the power and lightness suggested by its design,
which incorporates significant technical innovations in
a completely natural way. It is quite simply a typical
Audi – although seen through the eyes of a time traveler, schooled in the arts of the future.

1

Signal – the sill is a visible part of the
Space Frame.

2

Sketch – “The main thing is the clear line,
the defined stroke,” says the boss
of exterior design, Achim Badstübner.

3

Contrast – colored and metal surfaces
define the interior.

4

Reduced – the language of the exterior
design is carried into the interior.

Revolutionary – the “Shareway” bundles individual
mobility, from rental cars to commuter trains.

Ideas for the mobile future
The concept that won the 2012 Audi Urban Future Award comes from
Boston. With its “Shareway” idea, the team of US architects Höweler
and Yoon Architecture is revolutionizing the route between workplace
and home – and, in so doing, is reinventing the American dream.

Text
Stefanie Kern

Photos
Höweler + Yoon

From dishwasher to millionaire – the quint
essence of the American dream held by ge
nerations! The dream of working your way up through hard work,
dedication and ambition, regardless of your name or where you come
from. The dream of owning your own house with a garden and a ga
rage for the family vehicle. Is this the American dream of the past?
It certainly is in the minds of Boston architects Eric
Höweler and J. Meejin Yoon. The vision for the city of 2030 as conceived by the winners of the 2012 Audi Urban Future Award is no
longer based on personal property. Sharing will become the core
of the “New American Dream”, the dream of the future. The idea of
sharing extends well beyond the conventional notion of car sharing
or book lending; it includes homes, gardens and even roads. In the
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minds of the architects, this will solve the mobility problem of the
American mega city. “Mobility is such an integral part of the Ame
rican dream that it simply cannot be separated,” explains architect
Eric Höweler.
As things currently stand, traffic pressure is enormous:
American citizens spent an average of four days stuck in traffic in
2010, adding up to a total of almost five billion hours of congestion. It is the commuters of the BosWash corridor along the eastern
seaboard that are affected the most. The band of cities is 650 kilometers long, extending from Boston through New York City and
Philadelphia to the capital Washington D.C.
Anyone who spends a lot of time on the road or rails
knows that nothing is more stressful than losing time. Wouldn’t it
be great if commuters could use this time in a more individual and
sensible way? Wouldn’t it be revolutionary to meld private and
public transportation into one single, compact mobility platform?
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Intelligent – the integrated “Shareway” creates new
space in the cities for things such as green spaces.

The initiative truly has the potential to drive
forward with realistic ideas the discourse
between city planning, architecture and automotive
technology. All these factors are important for
a broader understanding of design.
Höweler + Yoon Architecture

Wouldn’t it be far easier if we had airports, stations, parking garages and ports bundled together in one place? It is with such an
architecturally and structurally demanding idea as this “Shareway”
that the US architects want to revolutionize the American dream
and the commute between workplace and home.
One crucial element of the concept is that all means of
transport – from private car to commuter train – will be reorganized
and regrouped. This “bundle” would extend through the entire
BosWash corridor, home to more than 53 million people. The many
different kinds of mobility on offer would become an overall system
capable of recommending the best transportation options available to each individual via a mobile request system. Cities and suburbs would be efficiently connected and melded into a single urban
space. The bundle is based on existing transportation routes such
as Interstate 95, which would be converted into a “Shareway”. In
stead of driving individually from A to B in separate cars, the huge
streams of commuters would travel by high-speed train from the
city center to the suburbs. The train offers time and space to work,
enjoy some yoga and to read – sensible use of commuting time! For
the last few miles there are loan cars that are simply and conveniently returned the next morning – the hassle of searching for a
parking space disappears!
In cities like Newark with water access, the choice of
transportation is even tougher. The city, which lies on the Atlantic
Ocean and directly at the estuary of the Passaic River, has a major
port. Here, too, the concept envisages a bundling of facilities, a
“Super-Hub”, incorporating an airport, shipping port and a train
station. Newark, which lies around 20 kilometers west of New York
City would become the new “mobility capital”. It would first and
foremost make goods transportation faster and more efficient,
freeing up space on the roads. Areas that were previously used for
the construction of roads find new usage scenarios in the eyes of
the architects – in the form of fruit orchards and vegetable farms
for supply to the nearby area. In cities like New York, this idea is
already being implemented on building roofs and unused plots.
Here, the locals plant flowers and grow fruit. As well as space for
cultivation, this would also provide more room for local recreation
and green spaces for parks and playgrounds – of which there is currently a distinct absence. In Manhattan alone, roads occupy a total
area of 4.8 square kilometers; an area four times greater than
Central Park.
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Thus, the architectural vision for 2030 envisages intelligent usage of the roads themselves. Höweler and Yoon propose a
technical innovation in the form of a so-called “Tripanel”. The triangular, rotating panels show a face depicting asphalt, green space
or solar collectors in accordance with requirements. Depending on
the time of day, the space converts into a soccer pitch, an area of
solar panels for generating electricity or a regular street. And all
this happens right in the center of the city.
A distant vision of the future or science fiction? Not at
all! In the state of Idaho, start-up business Solar Roadways is already developing the first solar module that can generate electricity from the road surface. The future has already begun. And Audi
is already part of it with the ideas generated by the Audi Urban
Future Award.

Audi Urban
		Future Initiative
Audi has now made its architectural award for the second
time. It is a fixed feature of the Audi Urban Future Initiative that has been addressing the issues of mobility in the
cities of the future since 2010. The Audi Insight Team
represents an important anchor for the initiative within the
company. The objective of the nine-member team is
to take the momentum from the award and from broader
dialogue with external partners on the issue of mobility
and urban future, to discuss it and to transfer it into the
company. The Insight Team brings together employees
from a wide array of functions and departments (for exam
ple Technical Development, Corporate Strategy and Production).

Höweler & Yoon
		Architecture
Höweler & Yoon Architecture is the winner of the 2012
Audi Urban Future Award, which comes with a first prize
of 100,000 Euro. “We were impressed by their vision for
the BosWash region in the year 2030. They are continuing
the American dream of freedom and individuality. A
dream that also includes mobility,” says Audi CEO Rupert
Stadler, outlining the decision of the jury at the award
ceremony, which took place as part of the first Design Biennial in Istanbul.
However, these ideas will not be hidden away in a drawer
somewhere. The winning concept will now be used to
create a City Dossier that will analyze and evaluate the
BosWash region. This will take into account, not only
social, but also spatial and technical aspects. This dossier
will serve as a roadmap for the realization of some as
pects of the concept in the winning region.
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Global thinking
Rethinking an holistic term for mobility, actively integrating social networks,
putting goods transportation underground – all the participants
in the Audi Urban Future Award proposed compelling, innovative ideas.
CRIT from Mumbai
The Indian team of architects defined an holistic notion of mobility that encompasses people, goods, energy and data and envisages
the redesign of the limited space available within the city. CRIT
seeks to approach city planning in a playful manner using self-developed ideas. For example, Mumbai’s typical “Skywalks” should
be revived, expanding the network of pedestrian overpasses and
creating more room for business and green spaces.

www.crit.in

Superpool from Istanbul
Europe’s largest Facebook community lives in Istanbul. The team
of architects from Superpool wants to use this potential to democratize city planning. To this end, they have developed the digitally
controlled PARK system that organizes collective forms of mobility and administers a point system. This system rewards the transfer
to public transport and, through points collected, inhabitants gain
the right to a say in the city planning process.

www.superpool.org

NODE Architecture & Urbanism from the
Chinese Pearl River Delta
Until now, the focus in the region has been mainly on the transport
of goods, with no thought given to pedestrians and cyclists. With
its vision, NODE has created a balance between industrial production, natural resources and the quality of life of the almost 80 million people who live there. The idea is to put the entire logistics
infrastructure underground and to turn the roads back into a pub
lic space.
www.nodeoffice.com

Scan the QR code and experience the architects’ concepts,
as well as the awards ceremony in Istanbul!

Urban-Think Tank from São Paulo
The Brazilian idea envisages a concept that transforms São Paulo
into a mobile “adventure playground”. Using the wide array of mobility options, city inhabitants can use apps to create their individual transportation experience – be it deep below the earth or in
the sky. This new “Mobility Mix” also encompasses otherwise un
used areas of the city – such as roofs and building facades. This ge
nerates a new approach to life based on new forms of mobility.

www.u-tt.com
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Skills
		Audi’s great strengths include the skills of every single one of its employees.
It lays the foundation for perfection and innovation.

Skills.
42
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100
108
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High voltage
Focused power
Magazine
Let’s play
S3 – performance and efficiency
Re-size me!
RS 6 Avant – eight is great
A new era
Magazine
Light is good
Plug & Play
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High
voltage

Audi R8 e-tron
		The R8 e-tron technology showcase demonstrates
how emotional and dynamic the future of electromobility will
be at Audi. The electric sports car demonstrates the full extent of the
brand’s development expertise in this field of technology.

Fast, beautiful, powerful –
the R8 e-tron at the Audi test track
near Ingolstadt.
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Hi-tech lab on wheels
		With the R8 e-tron technology showcase, Audi has
developed key expertise in the field of electromobility. This new knowledge will flow into future series-production projects.

Stunning – the LED headlamps
on the R8 e-tron have
a special, distinctive design.
State-of-the-art – LEDs also
feature in the sports car’s rear
lights.
Elegant – a design fairing made
from aluminum and CFRP
covers the large battery (right).
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The dynamics of the future –
the R8 e-tron demonstrates excellent
handling characteristics (right).

Technical data

Audi R8 e-tron

Power

2 x 140 kW

Maximum torque

2 x 410 Nm

Battery capacity / voltage

48.6 kWh / 389 V

0 – 100 km/h

4.2 s

Range in the NEDC

ca. 215 km/h

Vmax

200 km/h *

Length / width / height

4,431 / 2,029 ** / 1,252 mm

Wheelbase

2,650 mm

Curb weight

1,780 kg

* electronically limited

** including exterior mirrors

Text
Johannes Köbler

Photos
Uwe Fischer

ultra-light – the exterior mirror
housings are made from
CFRP, the bases from aluminum.

Perfectly integrated – the tiny
camera beneath the roof
spoiler delivers the images for the
digital rear-view mirror.

Outlet – the air that is channeled
through the front end of
the R8 e-tron exits through
these openings.
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Subtle – the elegant trim
pieces along the flanks are illumi
nated by LEDs.

The R8 e-tron technology showcase is a halo
project for Audi – it demonstrates just how
emotional and dynamic the future of electromobility will be. As a
rolling hi-tech test lab, the high-performance sports car provided
its developers with a wealth of new knowledge. Audi has used the
R8 e-tron to grow and expand its fundamental technology expertise for the electromobility of the future, which will see vehicles
with plug-in hybrid drive take center stage.
The R8 e-tron takes Audi dynamics into a whole new era
– into the age of electromobility. Its two permanent-magnet synchronous motors mounted at the rear axle deliver 280 kW and 820
Nm of torque, accelerating the two-seater coupé in 4.2 seconds
from zero to 100 km/h. The individually controllable motors facilitate electrical torque vectoring – the targeted braking and acceleration of individual wheels, which enables optimum distribution of forces during rapid cornering.
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The Audi R8 e-tron weighs just 1,780 kilograms, 199 of
which are attributable to the bodyshell. It represents a new development stage in Audi’s ultra-lightweight design technology – the
Multimaterial Space Frame, which features parts made from carbon-fiber reinforced polymer (CFRP) incorporated into the aluminum frame. The exterior skin is made almost entirely from CFRP.At
the rear of the electrically driven high-performance sports car, a
new kind of crash element made from CFRP ensures a high level of
passive safety. Further innovations can be found in the substantial,
577-kilogram lithium-ion battery, which is located largely beneath
the passenger cabin. It is integrated into the Multimaterial Space
Frame as a load-bearing element, with its supporting structure made
from high-strength aluminum plates.

3
1

4
5

2

6

7
8
Informative – the power meter
in the instrument panel
shows the level of power supply
and recuperation.
Future technology – the digital
rear-view mirror uses an
AMOLED display.

The cockpit of the Audi R8 e-tron
1
2
3
4
5
6
7
8

Power meter
Paddles for recuperation levels
Color info display
Charge status display for traction battery
MMI 7-inch monitor
Selector lever for driving modes R, N and D
Buttons for parking brake and starter
MMI terminal with touchwheel

The liquid-cooled battery system is comprised of 530
prismatic cells and stores 48.6 kWh of energy – enough for a range
of around 215 km on the NEDC. When the battery is completely
empty, it can be recharged in less than one hour using a high-performance DC charging device. With the aid of an iPhone app, the
driver of the R8 e-tron can manage the charging process and other
functions remotely.
The battery is also recharged while driving using recuperation under deceleration, with the driver able to select the degree of energy regeneration via steering wheel paddles. This is
particularly high under braking, because the two electric motors
handle almost all of the normal deceleration. The all-new electromechanical brakes on the rear axle, which are precisely synchronized with the electric motors, only kick in under heavier braking
situations.
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Perfection – the interior of the
Audi R8 e-tron impresses with clean,
high-precision workmanship.

The running gear of the R8 e-tron is packed with further
highlights – springs made from glass-fiber reinforced polymer
(GRP), titanium wheel hubs and an anti-roll bar made from a
CFRP/aluminum hybrid. With a weight distribution of 42 : 58 between the front and rear axles, the R8 e-tron offers the very best
prerequisites for sporty handling.
The Audi R8 e-tron has an outstanding cd figure of 0.27.
The rear portion of its underbody incorporates a long diffuser that
perfectly harmonizes the airflow around the rear end of the vehicle.
A specially developed channel directs cooling air through the front
end of the car, where it flows through all the components serving
the thermal management. A multi-source heat pump – another
Audi innovation – maintains the temperature of the electrical equip
ment and the interior precisely and highly efficiently.
The controls offer the full fascination of electric driving
– from the special operating controls and display elements to the
synthetic e-sound. The instrument panel and the MMI monitor provide graphic representations of range and energy flow, while a cam
era monitoring system that replaces the optical rear-view mirror
provides yet another highlight in the interior, which is bathed in
black tones. Sophisticated CFRP surfaces, soft leather and finely
crafted Alcantara combine to create an atmosphere of sporting
luxury.

Play on light – the R8 e-tron’s
door sills also feature
highly efficient illumination.
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Focused
power

Technology for tomorrow
		The Audi R8 e-tron is a hi-tech laboratory on wheels.
In all fields of technology, the electrically powered highperformance sports car presents groundbreaking solutions that
will benefit the brand in electromobility.

1
2
3
4
5
6
7

ultra-lightweight design
Design and aerodynamics
Thermal management
Battery
Electric motors
Running gear
Operation and displays

4

7

5

3

1

2

The full scope of Audi’s technical expertise –
An x-ray image of the Audi R8 e-tron.
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6

Every gram counts
		The bodyshell of the R8 e-tron presents the next
evolution of Audi’s ultra-lightweight design technology.
Made from aluminum and CFRP, it incorporates the large, high-voltage
battery as a load-bearing element.

1

Visually, the Audi R8 e-tron looks a lot like
the series-production R8, yet their body
shells have no more than nine parts in common – the doors, the
exterior mirror housings, the outer sill pieces, the windshield crossmember and the roof arch. All the other components are brand
new. Including the side pieces, the bodyshell structure weighs just
199 kilograms, 23 kilograms less than for the R8 Coupé, which
already sets the bar very high with its aluminum ASF (Audi Space
Frame) design.
The weight saving is the result of a completely new approach – the Multimaterial Space Frame is made from carbon-fiber
reinforced polymer (CFRP) and aluminum. The CFRP amounts to 23
percent of the bodyshell weight, while metal components make up
75 percent. The remainder is attributable to other materials. Only
the front end of the R8 e-tron still has a classic aluminum construction, with CFRP dominating the occupant cabin, and the rear end
featuring a mix of both materials.

ultralightweight
design

Audi has adopted a radical new approach in several areas.
At the rear of the vehicle, the load-bearing luggage compartment
shell made from CFRP not only delivers a considerable weight saving,
its wave-shaped crash structures also ensure that the rear end can
absorb five times more energy than an aluminum construction. The
large traction battery in the R8 e-tron is fixed to the bodyshell in
such a way as to form part of the vehicle structure – an innovative
solution that delivers maximum torsional stiffness. In the B-pillars
and rear bulkhead, a new sandwich concept reduces the weight by
a total of 11.5 kilograms.
The exterior skin of the Audi R8 e-tron is made almost
entirely from CFRP, with every single component designed specifical
ly for its location and purpose. In the front hood, for example, some
zones incorporate seven layers of carbon-fiber matting on top of
one another. The inner shells of the rear side pieces, on the other
hand, require only two layers encased around a fleece material.

The bodyshell components
1
2
3
4

Aluminum panels
Aluminum castings
Aluminum profiles
CFRP parts

B-pillars: 4.3 kilograms each
Rear bulkhead: 10.5 kilograms
Tunnel: 4.8 kilograms
Rear end: 44.5 kilograms
Side pieces: 2.8 kilograms each
Rear lid: 6.3 kilograms

2

4

3

1

Groundbreaking new technology –
the Multimaterial Space Frame of the
Audi R8 e-tron.
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The beauty of technology
		The Audi R8 e-tron has a dynamic stance. It takes a
completely new approach in its aerodynamics, resulting in greater range
and extremely efficient thermal management.
1

2

Design and
Aerodynamics

4

2

3
5

6
Airflow – Audi has developed a special
solution for thermal management.
7
The components of the LED headlamps
1
2
3
4
5
6
7
8
9

Wiring loom and air duct
Low beam – spot
Trim
High beam
Cover plate
Low beam
Daytime running light / position lamp / indicator
Design trim
Thick-walled lens for daytime running light
and indicator
10 Design trim
11 Daytime running light / position lamp
12 Thick-walled lens for daytime running light

8
9

10

11

12

High-end technology – the headlamps
consist of more than 200 individual parts.
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At first glance, the Audi R8 e-tron, painted
in crescendo red metallic, makes no secret
of its design relationship with the R8 – displaying similarities in its
lines and dimensions. On closer inspection, however, the eye picks
up on the specific details of the CFRP bodyshell. Fine chrome strips
grace the high-gloss black Singleframe grille. The front spoiler, the
exterior mirror housings, the Sideblades on the flanks, the trunk
lid, the rear lid fairing and the diffuser are all finished in visible
matte-lacquered carbon-fiber.
The LED headlamps are differentiated by a specific look
– the daytime running light emanates from two three-dimensional
light elements that have an intense impression of depth. Behind
the side windows are horizontal light strips with the e-tron logo
that emit a subtle light when the doors are locked and unlocked
and while the battery is charging. The elegant battery cover, made
from CFRP and aluminum, is also home to an illuminated e-tron
logo. As on the series-production model, the rear lights consist
entirely of LEDs.
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While the Audi R8 has a cd figure of 0.35, the R8 e-tron’s
is an incredible 0.27, which extends its range by approximately
40 km to around 215 km. The concept of the technology showcase
opened up a great deal of freedom for the aerodynamicists. The
electrically driven high-performance sports car has no oil cooler
and requires no intake air – its front outboard air intakes and the
Sideblades are closed. Cooling air enters through the lower section
of the Singleframe grille only, for use in the thermal management
system. It flows in a channel through the front end of the vehicle
and exits through an opening in the front cover.
The absence of an engine, transmission and exhaust
system facilitates a completely smooth underbody. Toward the back,
a long, relatively steeply angled diffuser guides the air in order to
harmonize it with the airflow at the rear of the vehicle. The separation edge there is a little higher than on the R8, while the limitation
of the top speed to 200 km/h means that a spoiler is not required.

The multi-source heat pump that Audi has
developed for thermal management in the
R8 e-tron is incredibly forward looking. With its complex operation,
the system maintains all key drive components – battery, motors,
transmission and power electronics – at their respective ideal operating temperatures. It can use the heat that it gathers to provide
highly efficient climate control for the interior. The efficient use of
electrical energy delivers an increase in range of up to 20 percent.
The heat pump is based on the functional principle of
the classic refrigeration cycle. It also incorporates a number of new
components, including the chiller, the front condenser/evaporator,
an electrically regulated expansion valve and an additional damper register in the air conditioning unit. A so-called heat coordinator
– a further Audi development – manages the interaction of the participating systems; it selects the best of 43 variants to suit the pre
vailing situation.
When the system functions as an air-source heat pump,
it uses ambient air as a heat source. The heat transfer from the am
bient air into the refrigeration cycle occurs in the front condenser,
which operates here as an evaporator. When the outside temperature is very low, the heat pump extracts waste heat from the motors
and high-voltage battery via a special evaporator known as a chiller,
which also serves to cool them. In most situations, the damper reg
ister heats the interior with heat energy stored in the coolant by
means of condensation and heat transfer to the incoming fresh air.
Only in the event that the interior needs to be heated especially
quickly does an electric PTC auxiliary heater come on stream, drawing its power from the vehicle’s high-voltage system.
The heat pump in the R8 e-tron also works when the
vehicle is stationary. It brings the interior up to a comfortable temperature more quickly than conventional heating or a standard air
conditioning system. It can supply up to three kW of heat from just
one kW of electric power. Prior to starting, the driver can control the
heat pump via a timer or a smartphone app, which enables him to
enter his departure time. Because, in most cases, the sports car is
still connected to the power outlet at this point, the PTC auxiliary
heater can draw the required energy from the electricity grid –
meaning that the R8 e-tron retains a fully charged battery.

In the interests of efficiency
		In an electric vehicle, every single Joule of energy
is crucial. For its thermal management, the R8 e-tron uses a multi-source
heat pump that combines powerful performance with a high degree
of efficiency.

3
The components of the heat pump
1
2
3
4

Evaporator and damper register
Compressor (hidden)
Chiller
Front condenser

Thermal
management

1

3
2
4

Complex component – the heat pump
occupies part of the front end.
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The backbone of the car
		48.6 kWh energy content and 467 kW of power
output – the large lithium-ion battery forms the basis for the powerful
performance and long range of the Audi R8 e-tron.

4

Battery

The substantial battery system, built by Audi
in its own dedicated Projekthaus, is the back
bone of the Audi R8 e-tron technology showcase. Constructed in
the shape of a T, it is 235 centimeters long, 135 centimeters wide
and, including the control unit, up to 71 centimeters high.
With all its peripherals and its protective CFRP casing,
the battery system weighs 577 kilograms, a large proportion of
which is attributable to the 530 prismatic flat cells. The tunnel bat
tery consists of two “floors” of cell modules, while the rear battery
has four. Long plates of high-strength aluminum alloy separate the
“floors” from one another, at the same time forming the battery’s
load-bearing structure. The coolant circulates at a precisely calculated flow rate inside narrow, machined channels fed by piping.

Battery-system management is handled by the e-box
located on the rear battery. Its controller communicates with the
electric motors’ control units and with the cell electronics units,
each of which monitors the voltage and temperature of an individ
ual cell bundle. When the battery charge status sinks toward the
lower limit, the controller reduces power output ahead of time in
order to avoid total discharge. Moreover, the function and safety
of the HV vehicle electric system are constantly monitored. In the
event of an accident, the battery is deactivated.
The battery of the Audi R8 e-tron can be charged in two
ways. With a 230-volt AC supply from a domestic outlet, a full charge
cycle takes around twelve hours. When charging with a DC supply,
which requires external equipment, the time required drops to less
than one hour depending on the power input. Using the smartphone app, the driver can remotely control and monitor key functions and information, including charge status and range display – a
tailor-made application from Audi connect. Communication with
the transmitter module in the car is handled via a secure Audi server.

The components of the high-voltage battery
1
2
3
4
5
6

CFRP casing
Base plate
Coolant lines
E-box with controller and cutout switches
Battery for control unit and 12-volt vehicle network
Main bodyshell fixing points

5
4
6

1
3

2

Energy bar – the high-voltage battery
is shaped like a T.
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Potent power
		With 280 kW, the two electric motors in the
Audi A8 e-tron deliver extraordinary power. The entire driveline package sets
benchmarks in terms of installation and performance.

5

The key statistics sum up the dynamic potential of the Audi R8 e-tron. The technology
showcase with which Audi is blazing a trail into the future of electromobility completes the dash from zero to 100 km/h in 4.2 seconds, with the top speed limited to 200 km/h. The two electric
motors at the rear axle achieve more than 95 percent efficiency
across a wide operating range. Theoretically, they can run at up to
12,500 rpm, equating to a road speed of more than 250 km/h.
The permanent-magnet synchronous motors, which
weigh a combined total of 184 kilograms including all peripheral
components, deliver a high concentration of power and torque and
can also be operated efficiently on very little electricity. They have
carefully devised cooling concept, with the stator temperature
controlled via a water jacket, while the rotor is ventilated with additional air. The single-speed planetary gearboxes, which have a
combined weight of 28 kilograms, are incorporated within the cooling circuit.

Electric motors

Each motor is supplied by its own power electronics,
which are also liquid-cooled. The so-called pulse inverters, which
convert the DC battery supply into AC, achieve a power density of
18 kW per liter. With a volume of 13.4 liters and a weight of 12.5
kilograms, they represent milestones in terms of compactness and
lightweight design.
The drive control concept is set up for redundancy and
meets the very highest safety standards. The controllers for the
power electronics communicate with one another and with the
drive control unit; it coordinates all demands for propulsion and,
together with the electronic stability control ESC, manages recuperation and torque vectoring. In recuperating energy under trailing throttle conditions, the driver uses the steering wheel paddles
to select between three levels plus free-wheeling.
Torque vectoring – the targeted distribution of driving
force between the rear wheels – is highly variable and extremely fast,
thanks to the individual control of the motors and their spontaneous
response. Theoretically, the high-performance sports car can brake
one wheel and put a large amount of torque through the other.
Audi delivers the R8 e-tron with a synthetic e-sound
that is audible at speeds of up to around 60 km/h. A small computer generates the frequencies using data gathered from the drive
control unit. A sturdy speaker system on the underbody then emits
the e-sound into the surroundings.

3

2

Sophisticated temperature control –
the motors are cooled by liquid and air.

1

The motor components

4
1
2
3
4

Rotor
Stator
Heat exchanger for cooling water
Single-speed planetary gearbox

Impressive performance – the electric
motors of the Audi R8 e-tron.
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Ultra-compact – the power electronics
are exceptionally small and light.

Dynamics and hi-tech
		The full extent of Audi’s dynamic expertise has been
poured into the running gear of the R8 e-tron. New technologies, including
the electromechanical brakes on the rear axle, complete the package.

6

Running gear

The fundamental concept of the R8 e-tron
offers the very best prerequisites for dynam
ic handling. The technology showcase has an axle load distribution
of 42 : 58 – the battery is located between the axles, with its low
mounting position lowering vehicle center of gravity considerably.
The double aluminum wishbone suspension at all four corners and
its connections to the Space Frame were derived from series-production components. The electromechanical power steering has a
very direct ratio of 13.5 : 1.
The Audi R8 e-tron is a hi-tech laboratory on wheels
packed full of new ultra-lightweight design solutions. The coil
springs are made from glass-fiber reinforced polymer (GRP) and
weigh just 1.2 and 1.3 kilograms, around 40 percent less than steel
springs. The rear-axle wheel hubs are made from forged titanium
and save 0.6 kilograms. Wound layers of CFRP form the tube of the
anti-roll bar on the front axle, while the arms are made from aluminum – the hybrid anti-roll bar weighs just 2.5 kilograms, marking
a reduction of 35 percent.

The technology showcase runs on 19-inch wheels clad
in lightweight, friction-optimized tires measuring 225/35 and
275/35. The brake system, too, sees the Audi R8 e-tron present a
world premiere. The wheel brakes on the rear axle are electromechanical spindle brakes. Ball-screw drives operated and controlled
purely electrically (by-wire) press the pads extremely quickly onto
the discs. The front axle features a hydraulic brake system.
The rear brakes enable precise synchronization with the
electric motors, allowing the R8 e-tron to recuperate as much energy as possible under braking. Up to around 0.3 g – in itself a high
figure – the motors generally handle braking on their own. Above
that, the front-axle brake system gradually begins to kick in. The
electric motors can recuperate energy up to 0.45 g. The newly devel
oped electric single-wheel anti-slip regulation (eASR) delivers excel
lent stability under braking and refined traction under acceleration.

By-wire technology – the electromechanical brakes.

6

8
7

The suspension components
1 Disc brakes in carbon-fiber ceramic,
cross-drilled and ventilated
2 Six-piston calipers
3 Coil springs in GRP
4 Hybrid anti-roll bar (CFRP and aluminum)
5 Electromechanical power steering
6 Further developed double wishbone suspension,
weight-reduced swivel bearings
7 Electromechanical brake calipers
8 Titanium wheel hubs

3

5
4

2

1
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Made to measure
		The operating and display concept of the
Audi R8 e-tron is specific in many of its details. Its highlights include
the digital rear-view mirror.

7

Operating controls
and displays

The interior of the Audi R8 e-tron is made to
measure. Because of the large traction battery, the rear bulkhead is somewhat farther forward than in the
series-production R8, while the center tunnel is larger and more
angular. The chassis of the height-adjustable sports bucket seats
are made from CFRP, with each of them weighing just 17.6 kilograms. Behind the spokes of the flattened multi-function steering
wheel are paddles for controlling the degree of recuperation.
In the instrument panel, LED strips provide information
on coolant temperature and battery charge status. The large power
meter presents the level of power output and energy recuperation
on a scale of zero to 100 percent. The 7-inch color display serves as
the driver information system; together with the MMI monitor, it
presents all the information relevant to electric driving. This includes consumption measured in kWh per 100 km, the selected
recuperation level, the energy recuperated and its associated range,
an animated graphic of the energy flow and the current range, all
arrayed in a color diagram. Also extremely informative is the range
display in the navigation map on the MMI screen. The control unit
calculates the routes leaving from the current location on the basis
of the stored road data.

A digital rear-view mirror replaces the optical mirror in
the technology showcase. With its extremely high dynamic range
of around 130 dB, the small and lightweight rear camera can capture about as much contrast as the human eye. Its control unit pro
cesses the data in a manner that ensures the image remains consistently brilliant and detail rich. In the dark, for example, it is able
to eliminate the headlamp glare from other vehicles.
The data is sent to a 6.7-inch high-resolution color display in the headliner. It is constructed using AMOLED technology
(Active Matrix Organic Light Emitting Diode); each of its 600,000
pixels can be controlled individually. The organic materials used
here self-illuminate at a very low voltage. The AMOLED display,
which is just seven millimeters thick, has ten times the contrast
and is 30 percent more energy efficient than an LCD monitor. It has
a response time of just a few millionths of a second regardless of
ambient temperature.

Drive operating status
1
2
3
4

Ready – the R8 e-tron is ready to start
Acceleration with range display
Trailing throttle recuperation
Braking recuperation

1

2

3

4

Precise information – the driver has
all the key facts relating to the drive status.
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Magazine
Only those prepared to look beyond their horizons can
evaluate and build on their own progress. Technology news
from around the world.

Free view – Smart Headlights make rain transparent.

Image provided by: TU München, Lehrstuhl für Medientechnik (LMT)

Image provided by: Carnegie Mellon University und www.shutterstock.com

Text: Anja Nerreter

Keep in touch

Interior navigation – laser beams use a cloud of 3D points
to generate a virtual map of the space.

Time and space

We all know the problem – heavy rain pummels the windshield and the road ahead is difficult to
see properly. What you see instead is a chorus line of
raindrops dancing in the headlamps. This restriction of
visibility could be avoided through the use of Smart
Headlights.
Scientists at Carnegie Mellon University in
Pittsburgh have already tested the system under laboratory conditions. In just 13 milliseconds, a high-speed
camera sends the movement of the raindrops to a computer, which calculates where these individual particles
will be a few milliseconds later. The LED headlights
receive the information, switch off the relevant diode
and thus mask the rain. “The human eye is not capable
of registering the flickering of the headlight,” reassures
Srinivasa Narasimhan.

mask

One floor is just like the other, a long corridor leads past countless doors, the signage is unclear.
In large labyrinthine buildings of this nature, it is often
difficult to find your way around quickly.
To aid interior orientation, scientists at the
Technical University of Munich (TU München) have developed a navigation system called NAVVIS that works
with visual data instead of GPS signals. The image data
from buildings and spaces are analyzed and mapped
with the aid of a mapping trolley (with laser recording
equipment, SLR cameras and a 360-degree camera).
The user has only to download an app and
take a photo of his surroundings with a smartphone.
NAVVIS then pinpoints the position and shows the
route with arrows in a 3D graphic image. The system is
currently being tested at the TU München.

Encounter Technology

For further information go to:
www.autodeskresearch.com

For further information go to:
www.tum.de

Touch sensitive – the Magic Finger reacts to
32 different surfaces.

For further information go to:
www.cmu.edu
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The table, a white sheet of paper, the couch
or the jeans – with the Magic Finger, everyday items
become touchpads. Researchers at Autodesk Research
have developed the device the size of a thimble in cooperation with the Universities of Alberta and Toronto. It
consists of a tiny RGB micro-camera and an optical
movement sensor.
The Magic Finger currently recognizes a
total of 32 different surfaces with almost 100-percent
accuracy. Every single surface is programmed for a specific action. If the user touches a T-shirt, for example,
e-mails are called up. The device can also recognize
codes and patterns. The prototype is still set up to function with a computer, but the focus will ultimately turn
to mobile devices.

Image provided by: Autodesk, Inc.

Masked

32
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Image provided by: www.shutterstock.com

Shimmering
An unmistakable shimmer of rainbow iridescence – alongside its visual characteristics, motherof-pearl also has a very hard surface finish and is extremely resistant to tearing. Mollusks form this inner
shell layer as protection from predators. In nature,
mother-of-pearl is 95 percent calcium carbonate. The
remainder is organic material collected around the
brittle calcite platelets like a kind of mortar.
Scientists from Cavendish Laboratory at
Cambridge University have successfully created an artificial version of this compound material. The synthetic version has the same characteristics as the natural
original, but is more elastic. The manufacturing process
takes just five hours and would be easy to automate.

LFT
Cracked

Image provided by: Cavendish Laboratory

Down to the tiniest detail
Eight by eight millimeters – the proximity
and movement sensor developed by the SUCCESS research consortium is the size of a thumbtack. “We have
succeeded for the first time in fitting all the high-frequency components into one chip casing,” says one of
the engineers, explaining the benefit.
The sensor has a frequency of 122 Gigahertz
and measures distance to an accuracy of less than one
millimeter. It also uses the Doppler Effect to measure
the speed of an object. A total of nine research institutes and companies participated in its development.
SUCCESS also received support from the European
Union.

From the animal world

skin
For further information go to:
www.uni-kiel.de

Tested over millions of years – snakeskin has some compelling
mechanical characteristics.
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For further information go to:
www.success-project.eu

In the simulation and test center – a material sample
is put through a typical welding temperature cycle under
predefined parameters.
Image provided by: Robert Bosch GmbH / SUCCESS

Observed from nature – mother-of-pearl can now also
be manufactured artificially.

Stiff and hard on the outside, soft and flexible on the inside – this is conclusion reached by Christin
Klein, Ph.D. student at Christian-Albrechts University
in Kiel (CAU), and her professor Stanislav Gorb following their investigation into snakeskin.
Until it sheds, a snakeskin must be able to
withstand two to three months of continuous frictional forces, making it an excellent example for technology. A material with a transition from a stiff outside to
a flexible inside can distribute forces acting upon it
across the surface and thus minimize point loads.

For further information go to:
www.fraunhofer.de

Image provided by: Fraunhofer IWF

For further information go to:
www.cam.ac.uk

Dangerous cold cracking can arise in highstrength steel when welded components cool down.
However, the methods for predicting this cracking was
previously very time and cost intensive.
Scientists from the Fraunhofer Institute for
Mechanics of Materials (IWM) and the Department of
Jointing and Welding Technology at the BTU Cottbus
have now developed a process that enables forecasting
of cold cracking during the development stage.
In a special test setup, the crack criteria are
calculated by means of hydrogen content, internal
stress, material structure and temperature gradients.
These data are then entered into a computer simulation
that can analyze when a cold crack might occur in any
particular component. Countermeasures can also be
run through the system, which lowers production costs
and reduces development time.

Small but perfectly formed – the movement and proximity
sensor from SUCCESS is compact and powerful.
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The race is on – because the cars use the LTE
mobile communications standard for their internet
connection, Martin and Sascha can continue
their game during the journey.

Fun at home – father Martin and son Sascha enjoy an
occasional race on the games console.

Goodbye – before climbing into his A8, Martin challenges
his son to a rematch.

Let̕s play
High-speed internet in the car
Competing in a dynamic online game with other players while
on the road? Or even a holding video conference with co-workers while stuck in traffic?
With the expansion of the LTE (Long Term Evolution) mobile communications
standard, high-speed mobile internet is moving tantalizingly close. We take a little
look into the very near future.
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A different kind of driving fun – with his mobile
games console, Sascha logs into the LTE
network via the WLAN hotspot in the Audi A3.

Integrated entertainment – the online functions of
the rear-seat entertainment in the Audi A8 also
benefit from LTE technology, and Martin can play
against his son on the drive to the airport.

Text
Annika Jochheim

We would like to offer the customer the same levels of comfort and
convenience that he is used to at home or work. In many cases, the Internet
in the car will even be much faster than the home or office connection.
Christoph Voigt, Head of Development Telephone
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“I’m going to blow you out of the air dad!”
Sascha is in his element. Certain of victory,
he grips the controller of his games console in his hand and stares
at the screen. With one skilful movement, he overtakes his father
Martin’s aircraft and arrives first at the power-up field, which provides him with the weapon he needs for victory. In the blink of an
eye, his father’s airplane is duly dispatched and all dad can do is
smirk. “You knew the route already. You definitely won’t win the
next game.” Sascha looks challengingly at his father. “Yeah, right!
We’ll soon see about that.” Right at that moment, when he wants
to press play, his mother comes into the room and puts an end to
the duel. “Your car is here Martin. You have to go now or you’ll miss
your flight. And Sascha, we wanted to go shopping anyway.”
A short time later, father and son are standing in front
of the house. While Martin gives his suitcase to the driver, he grins
conspiratorially at his son. “Log into the network and we can play
another round. But this time, you won’t get off so lightly.” A moment later, both are sitting in separate cars. Martin starts the
games console connected to the rear-seat entertainment system
in the Audi A8. Sascha logs into the network via the WLAN hotspot
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in the Audi A3 with his Playstation. A few clicks later, and the two are
once again standing with their gliders opposite one another on the
streets of Nova State City. The race starts again from the beginning.
A complex online game during a car journey – this is very
close to being reality. The Audi A8 and the Audi A3 prototype mules
are connected to the Internet via the LTE mobile communications
standard. The new high-speed standard, which is set to complement the overloaded UMTS network in many countries of the world
and offer perfect network coverage, enables data transfer rates of
up to 100 megabits per second. This makes it around six times
faster than the current mobile communications networks and puts
transfer times into the millisecond zone. Large files, like top-quality music or movies can also be exchanged easily via LTE. As a consequence, LTE in the car is a particularly attractive proposition for
passengers. They can connect their mobile devices with the WLAN
hotspot and use all imaginable internet applications, such as online
computer games.
But what does it mean to the driver if his car is equipped
with this new high-performance technology? “By connecting the
car via LTE, integrated Audi connect services will be even faster,
even more usable and even more versatile. Services like Audi music
stream or Google Maps Street View will also be able to use the LTE
network,” explains Audi engineer Christoph Voigt, Head of Devel
opment Telephone. “And the better network coverage of the new
mobile communications standard, particularly in rural areas, is of
course highly beneficial, especially in the car.” In the near future,

Optimum use of time – Martin is free to use all internet
applications during the journey. Even large files can be up or
downloaded in a matter of seconds.
The fourth generation – with up to 100 Megabits
per second, LTE achieves far higher speeds in both download
and upload.

Handset shipments

Broadband
data

2007: 1.16 billion units
2011: 1.73 billion units

Nextgeneration
wireless LTE
Enhanced
data
and capacity

Secure
voice
and capacity
Voice
Analog
1G

1980s
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GSM
cdma 2000

1993–1998

Basic data
GPRS
EDGE
1xRTT

UMTS
HSxPA
EVDO
TD-SCDMA

10 to 240
kbits/s

1 to 14.4
Mbits/s

100
Mbits/s

1998–2002

2003–2009

Beyond 2009

Audi customers will be able to deposit their personal music, image
or video files on a server in the Internet, the cloud, and then call
them up seamlessly onto their preferred device, where they can
then play them – while at home or on the road.
So when will the mobile high-speed Internet arrive? In
Germany, the LTE infrastructure is already up and running in several major cities and in rural areas in particular – although not yet
integrated into a car. Audi is working on soon being the first brand
to offer complete integration. This is made possible by the modular
infotainment platform (MIB) that celebrated its premiere in the
new Audi A3. It is Audi’s answer to the ongoing innovations in consumer electronics and to the rapid increase in computing power
required for the integration of new technologies. The new central
computer for the MIB is composed of two units – the Radio Car
Control and the MMX board (MMX = Multi-Media eXtension). The
main elements of the plug-in module include the high-speed T 20
graphic processor from the Tegra 2 series by market leader Nvidia.
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The chip, which generates the sophisticated 3D images, is involved
in all online, voice control, media, navigation and telephone functions. The screen with its high-resolution monitor rises electrically
from the dashboard on system start-up.
Martin and Sascha, who are already able to enjoy the
high-speed network in Munich, benefit from the opportunities it
presents in a fun way. While on the road, the two are able to pit their
gliders against each other on the streets of Nova State City and
decide the outcome of their battle.
But LTE can do more than that. As Martin loses for a
second time, Sascha and his mother arrive at the supermarket and
switch off his mobile games console. Martin, on the other hand,
opens the online calendar on his tablet computer and checks his
appointments for the next day. He notices a couple of gaps and sends
one or two short-notice meeting requests via e-mail. Then he quickly uploads a large powerpoint presentation so that his co-workers
can see it prior to the upcoming meetings. And he can also discuss
his ideas directly with the team via video conference. “This is precisely our objective,” explains Christoph Voigt. “We would like to
offer the customer the same levels of comfort and convenience that
he is used to at home or work. In many cases, the Internet in the
car will even be much faster than the home or office connection.”
With the integration of LTE into future models, Audi is
coming one step closer to its objective of the networked automobile. Streaming music, holding a video conference or, like Sascha
and Martin, playing an online video game – those are just the first
examples of the possibilities the new mobile communications standard is offering inside the car, too.

1

Long Term Evolution
		With the integration of LTE into the vehicle, driver and
passengers benefit from high-speed data transfer while driving – in the
city, but especially in the countryside.

2
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Benefits of
LTE connection
1
2
3
4
5
6
7
8
9
		
10
11
12

Convenient connection of up to eight devices *
Faster loading of Google Earth images in the navigation map *
Rapid call up of weather information *
Web radio in the car – without long loading times
Easy access to music during the drive
Up and download of large presentation files in a matter of milliseconds
Access to online movies and photo galleries
Unrestricted communication – including in-car video conferencing
Social networking while driving – reading and text functions for online
community services *
Rapid access to traffic information *
Play videos in real time and online
Google Street View images in MMI navigation *

		
		

* These services are already available in the car.
However, transfer rates will increase significantly with LTE.

10
4

9
5

8
6

7
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Performance and efficiency
Audi is launching a new, powerful gasoline
engine in the S3. The 2.0 TFSI for the sporty compact car
represents the current state-of-the-art.

Audi S3
Technical data
Displacement

1,984 cm³

Power		

221 kW (300 hp) at 5,500 rpm

Maximum torque

380 Nm from 1,800 to 5,500 rpm

0 – 100 km/h		

5.1 s *

Vmax		

250 km/h **

Consumption		

6.9 liters per 100 km

CO₂ emissions
* with S tronic

159 grams per km
** electronically limited

Text
Johannes Köbler

The dynamics of the new Audi
S3 place it at the very top of its
class. In combination with the optional S tronic, the
sprint from zero to 100 km/h is over in just 5.1 seconds,
and in 5.4 seconds with the manual transmission. The
electronically limited top speed of 250 km/h is simply
a formality for both versions. Nevertheless, the S3 with
the S tronic consumes an average of just 6.9 liters of
fuel per 100 km, equating to CO₂ emissions of 159 grams
per km. A start/stop system contributes to this impressively low figure.
The 2.0 TFSI represents a further milestone
in Audi’s downsizing strategy. Developed from scratch,
all it has in common with its predecessor is its displacement of 1,984 cm³ (bore x stroke 82.5 x 92.8 millimeters). The four-cylinder has a compact and lightweight
construction – at 148 kilograms, it weighs more than
five kilograms less than the previous engine. Its rated
output of 221 kW (300 hp) is available at 5,500 rpm;
the limiter kicks in at 6,800 rpm. Across a wide rev
range between 1,800 and 5,500 rpm, it sends 380 Nm
through the crankshaft. And, as a true sports engine,
the four-cylinder has an incredibly spontaneous throttle response.
Two balancer shafts that contra-rotate at
twice the speed of the crankshaft ensure a very high
level of mechanical refinement. The sound produced by
the two-liter unit has a rich intensity and sporty depth
when the Audi drive select system, which is standard
equipment, is running in “dynamic” mode. The engine
also reacts faster to input from the gas pedal in this
mode, while short fuel burn-offs accompany the S tronic
gearshifts. Under high loads and engine revs, both of
the sound flaps on the exhaust system open for an even
fuller tone.

1
2

5
3

4
6

7

8

1 Intake system with
additional indirect injection
2 Intercooler
3 Adjustable intake camshaft
4 Adjustable exhaust camshaft
5 Cylinder head with Audi valvelift system
and integrated exhaust manifold
6 Turbocharger with electronically
controlled wastegate
7 High-performance pistons and conrods
8 Balancer shaft on roller bearings
9 On-demand oil pump
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Many details underscore the high-performance character of the new four-cylinder. Modified alu
minum pistons and higher-strength conrods with new
bearings transmit the power to the crankshaft. The grey
cast iron crank case now has stiffening at the mainbearing seats and main-bearing cover. The cylinder head
is made from a new, high-strength aluminum-silicon
alloy that boasts excellent thermal stability and low
weight. The hollow exhaust valves are filled with cooling sodium.
The large turbocharger, which is also brand
new, is set up to handle exhaust temperatures of up to
1,000 degrees Celsius. With its maximum charge pressure of 1.2 bar, it has a theoretical throughput of 1,000
kilograms or 850,000 liters of air per hour. A high-performance air-to-air intercooler reduces the temperature of the compressed air significantly, thus increasing
the mass available for combustion. The electronically
controlled wastegate operates extremely quickly and
precisely, reducing the pumping work required because
it decreases charge pressure and, with it, exhaust back
pressure.
The 2.0 TFSI comes with groundbreaking
solutions across a host of technical disciplines. One of
them is the additional indirect injection supplementing
the FSI gasoline direct injection under partial load. This
lowers fuel consumption and particulate emissions –
the four-cylinder already complies with the limits imposed by the second phase of the Euro 6 standard due
for implementation in 2017. FSI injection, which operates at pressures of up to 200 bar, comes into its own
on start up and under higher loads. Each of the enlarged
injection valves has six holes.
The four cylinders are always well filled. The
intake camshaft is fully adjustable through 60 degrees
of crank angle; the exhaust camshaft through 30 degrees. The Audi valvelift system also varies valve lift in
two stages on the exhaust side. So-called drumble flaps
(from “Drall”, the German word for swirl, and tumble)
set the in-flowing air into a specific pattern of movement. Compression is 9.3 : 1, which is unusually high
for a turbocharged engine.
The exhaust manifold is integrated into the
cylinder head, where it is bathed in coolant. This solution reduces exhaust gas temperature and accelerates
warm-up under cold-start conditions. The innovative
thermal management of the 2.0 TFSI includes two rotary disc valves in a single module to regulate coolant
flow. They ensure that the engine oil reaches operating
temperature quickly after start up, and set the coolant
temperature at between 85 and 107 degrees Celsius de
pending on the driving situation. This delivers the best
relationship between minimal friction and a high degree
of thermal efficiency at every load and engine speed. A
new kind of coating on the piston bodies and antifriction bearings on the balancer shafts keep friction low,
while the oil pump is regulated to work on-demand.

Re-size
me!
All-in-one – the new MIB device
in the new Audi A3 incorporates all
functions in one unit.

Evolution of the operating systems
		Ten years ago saw Audi launch the first MMI system,
since when the components have become consistently more compact and
powerful. The technology is packed with fascinating potential.
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11
The modular infotainment platform
1
2
3
4
5
6
7
8
9
10
11
12
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Housing top plate
DVD drive
Magnesium base plate with fans
Six-channel audio amplifier with mains adapter
AM/FM DAB dual tuner with card slots
Front cover with DVD and card slots
Printed circuit board for key functions and illumination
Printed circuit board for SD and SIM cards
MMX board with Tegra chip
Radio Car Control RCC (motherboard)
Housing bottom plate
Data module

Text
Johannes Köbler

Photos
Bernhard Huber
Alexander Herold

How did they ever manage to fit all that into
the car? The mountain of gray boxes is substantial – an Audi control unit with tuner, a CD changer, an amplifier, a telephone module with its own power supply, a navigation
device. A well-equipped 2003 Audi A8 drove all these units around
with it. Now, the new Audi A3 manages with just one single, considerably more powerful device. It takes up a modest amount of
space in the glove box, allowing the designers to give the compact
car a slender, low-slung dashboard.
Dr. Peter Steiner, Head of Development Infotainment
at Audi, outlines the progress made with a few figures: “In the last
ten years, we have increased the computing power by a factor of
almost 15, while reducing weight by a factor of 10.” His colleague
Alfons Pfaller continues, “Just the changeover from MMI 3G+ to
the modular infotainment platform in the Audi A3 brought us another 50 percent reduction in weight and 35 percent decrease in
electricity consumption.”
Flashback to the year 1997: Ricky Hudi, now Head of
Development Electrics/Electronics, is new to Audi. In the design
studio, he and his colleagues from the design and ergonomics departments are looking at a white sheet of paper, with another sheet
at each of its corners. “That was our initial idea for the new operating controls, the quattrologic,” says Hudi. The specifications were
easy – the controls should be clear and logical, preferably self-explanatory. And the control unit should be ideally ergonomically
situated on the center tunnel, separate from the displays, which
should be in the optimum field of vision. Rick Hudi again: “Our joint
goal was to turn this into the best operating concept in the world.”

Hudi initiated an advanced development project and
engaged the right expertise – they were called Ewald Gößmann,
Björn Mittag, Robert Witmann, Dieter Niederkorn, Norbert Ammler,
Uli Leierseder, Uwe Hackl, Alfons Pfaller, Dr. Peter Steiner, Matthias
Halliger and Thomas Pfeiffer. A further MMI pioneer was Dr. Werner
Hamberger, now Head of Development Operating Concepts.
Together with Hudi, Dr. Hamberger defined the four
golden rules of the MMI concept. Number one: Eight fixed buttons,
the hard keys, cover the primary menu level. Number two: The central control knob functions by turning and pushing alone. Number
three: The four quattrologic soft keys simplify navigation within
the menus. Number four: The return key always takes you back
one level. The user must never fear becoming entangled somewhere. “We developed these rules fifteen years ago, and they have
retained their validity to this day with very few changes,” sums up
Dr. Hamberger. “Only the graphics and the functions have been
adapted for modern tastes.”
Extensive customer surveys, a new development tool
back then, helped to refine the concept. A wine-red first-generation
Audi S8 served as the prototype mule; its MMI terminal was finished in unadorned black plastic. Audi went public with the system
in 2001 – the Avantissimo show car, a luxury Avant, presented the
Multi Media Interface (MMI) at the Frankfurt Auto Show. Its 15
keys, the rotary/push knob and the volume control were set in fine
wood veneer and gleamed in aluminum. An electric parking brake
replaced the handbrake lever, as there was no more space left on
the center tunnel.

Super fast – the MMX board with the
Tegra chip from Nvidia executes all multimedia functions.

1

2
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Thinking ahead – Ricky Hudi and his
team plan Audi’s infotainment strategy.

1

Retrospective – Dr. Peter Steiner
with the MMI monitor from the previous A3.

2

Present – Matthias Halliger presents
the MMX board from the MIB of the new A3.
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Progress in microelectronics continues to present
us with a lot of new opportunities. We will
use these to develop tailor-made solutions for
our customers.
Ricky Hudi

We developed the four fundamental rules for
the MMI terminal 15 years ago. They have retained
their validity to this day with very few changes.
Dr. Werner Hamberger

1

2

1

Upscale interior model – Audi showed
its MMI concept for the first time in the
Avantissimo.

2

Easy to read – the MMI monitor was
located high in the cockpit.

The MMI in the Audi Avantissimo already incorporated
a TV tuner and internet access. The following year, the system celebrated its premiere in the new Audi A8 – with an electrically deploying monitor in the dashboard and a whole bunch of control
units working in the background. A few units of the luxury sedan
were already equipped with optional online telematics services,
putting them far ahead of their time.
The chief architect of all these systems was Matthias
Halliger, who joined the team in 1999; he is now in charge of archi
tecture development for all Audi’s infotainment systems. He pushed
forward the progress and integration of the MMI into the vehicle
step by step. His knowledge and his expertise carry a great deal of
weight, both within the group and in the industry in general. The
MMI 2G, as the first system was known internally, was followed
by the MMI 3G and the MMI 3G+. The new generation of the A8
launched in 2010 presented a further groundbreaking innovation
– the MMI touch. The touchpad for inputting navigation destinations and phone numbers immediately proved to be a big hit.
The latest development stage from Audi is the touchwheel in the new Audi A3. The rotary/push control fuses here with
the touchpad. Two rocker switches (skip keys) cover the main functions navigation, phone, radio and media. Together with the skip
function on the volume control, they form a very uncluttered haptic operating layout. Operation must be so intuitive as not to present a burden to the person at the wheel, but a relief – the top priority in Audi’s display and operating philosophy.
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3

Unadorned – in the first prototype, all the
buttons were made of simple plastic.

4

Hand-finished – the integration of
the monitor was a very pragmatic solution.
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The pioneer – Dr. Werner Hamberger with the first
MMI prototype, in an Audi S8.

The engineers maintain very close relations with the
customer during their development work. They meet regularly with
Audi customers in Germany, the USA and China and conduct drives
and discussions to familiarize themselves with their respective
operating preferences. In the Audi Electronics Center at the Ingol
stadt plant, they use a drive simulator in the form of an A8 body
shell with projection technology that delivers 360-degree vision.
During the simulated drive, the test subject is given a series of operating tasks to fulfill. While so doing, he wears a pair of goggles
fitted with two tiny cameras; one films the surroundings, the other
the pupil. From the recordings, development engineers can see
exactly if and for how long the driver looked at the individual operating steps on the MMI terminal or the monitor, and how safely and
precisely he was driving.
The MMI concept leads the competitive field – it has a
profound effect on the driving experience and has become an integral part of the brand. Audi wants to extend this position of leadership even farther. The team that develops operating concepts is
already working on the next generation of the MMI touch. The aim
is a large multi-touchpad that can be operated with several fingers
and that offers finely differentiated haptic feedback. One further
focus is on improved voice control, and a third on innovative gesture
control – the future will see Audi integrate operation even more
closely and organically into the vehicle interior.

How much hardware will the MMI need in future? “The
gray box will get even smaller,” says Matthias Halliger. “We have
already reached the next level of integration with the modular info
tainment platform in the new Audi A3, and we will continue moving
in this direction. We want to make the peripheral components more
and more compact and to package them into the system. The next
step will be a multi-chip module – a ‘system on a chip’ – and the one
after that will be a ‘computer on a chip’.”
The next few years will see the hardware, software and
supplier structures move even more closely together. Seven semiconductor manufacturers currently hold the status of strategic part
ner; Audi wants to pull them and the control unit manufacturers
into the development process. In order to be able to implement
future innovations even faster and more precisely, the brand is even
expanding its own expertise in semi-conductor technology. “Our
development cycles are becoming ever shorter; we’re becoming
more like the cell phone manufacturers,” says Halliger.
When it comes to software, too, Audi is taking a new
approach. A large proportion of new programs will come from e.
solutions GmbH, an Audi joint venture with Finnish IT company
Elektrobit. The start-up, which is based in Ingolstadt and Erlangen,
buys function software for things like navigation or telephony from
the global market and integrates it into its e.solution software
stacks.
Be it navigation, Audi connect services or, soon, car-to-x,
most of the necessary data will no longer be located in the car. It
will be transmitted via the high-speed mobile communications
network LTE (Long Term Evolution) from a server in the Internet – in
some cases, from a secure Audi server – and will thus always be up
to date. For some services, transfer will take place via remote HMI
(Human Machine Interface), which will enable data from thirdparty suppliers to be presented in familiar Audi graphics.

The storage of data in the “cloud” enables it to flow
seamlessly; an Audi customer will be able to access and run it at
any time from their preferred device. For instance, his children
could be watching a movie on a tablet PC at home prior to setting
off on a journey. They can pause the film before leaving, then start
it again from the same point once they are in the car. For the duration of the journey, the car becomes the receiver module and a
rolling data carrier.
The MMI of the future will be a media multi-talent, on
hand to provide help to the driver as and when required. “Progress
in electronics continues to present us with a great many new opportunities,” says Ricky Hudi. “We will use these to develop tai
lor-made solutions for Audi drivers. We are conceiving the MMI
systems of the future to allow our customers to be conveniently
networked and, at the same time, safe and relaxed while traveling.”

1

2

1

Hi-tech development tool – Dr. Hamberger
in the drive simulator in the Audi Electronics
Center.

2

Under observation – the measurement
electronics in the simulator calculate visual
distraction.

A powerful piece of Audi
		The Audi MMI leads the competitive
field in operating concepts. It has a profound
impact on the driving experience and has become
part of the brand identity.
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Written input – recognized characters
are displayed on the monitor.
State-of-the-art – the MMI touch with
touchwheel in the new Audi A3.

Eight is great
The 4.0 TFSI with biturbocharging catapults the RS 6 Avant
into the high-performance category. It produces 412 kW (560 hp)
and sends 700 Nm through the crankshaft.

Audi RS 6 Avant
Technical data
Displacement

3,993 cm³

Power		

412 kW (560 hp) at 5,700 rpm

Maximum torque

700 Nm from 1,750 to 5,500 rpm

0 – 100 km/h		

3.9 s

Vmax		

305 km/h *

Consumption		

9.8 liters per 100 km

CO₂ emissions

229 grams per km

* in the Dynamic Package plus

Text
Johannes Köbler

Illustration
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The new Audi RS 6 Avant uses
the most powerful engine in the
Audi lineup: The 4.0 TFSI generates 700 Nm of torque,
available between 1,750 and 5,500 rpm, from a displacement of 3,993 cm³ (bore x stroke 84.5 x 89.0 milli
meters). It delivers its rated output of 412 kW (560 hp)
between 5,700 rpm and the highest speed of 6,600
rpm – a flashing shift signal in the driver information
system advises the driver that the engine speed limit
has been reached.
The new Audi RS 6 Avant accelerates from
zero to 100 km/h in 3.9 seconds – the top figure in its
class. Depending on customer preference, the top speed
can be set at 250, 280 or even 305 km/h. Nevertheless,
the high-performance Avant is satisfied with a fuel consumption of just 9.8 liters per 100 km – a further bestin-class and a reduction of no less than 30 percent compared with the preceding model. Its CO₂ emissions are
229 grams per km.
The biturbo V8, which made its debut in
Audi’s S models, is a truly hi-tech piece of equipment. Its
aluminum-silicon crankcase is made using a low-pressure die-casting process that delivers a particularly high
degree of homogeneity. A stable subframe for the crank
shaft’s lower bearing mounts, known as the bedplate,
further increases the block’s overall stiffness. The chain
drive is located at the rear of the engine to save space.
This compact construction reduces the length of the
engine to 497 millimeters, while its weight, including
all key ancillaries, stands at just 224 kilograms.

Power plant – the 4.0 TFSI with
biturbocharging.
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The fuel supply is based on Audi’s FSI direct
injection. Controllable flaps in the intake channels send
the incoming air flow into a tumbling motion. Depending
on their position, they improve chamber fill and conse
quently combustion. The directly injected, heavily tumbled fuel cools the combustion chambers. Both turbo
chargers generate up to 1.2 bar relative charge pressure.
So-called twin-scroll technology, which sends the exhaust flow from two cylinders into the turbine through
separate channels, avoids undesirable interference be
tween the gas columns, leading to an earlier and steeper build up of torque.
The large turbos and their air-water intercooler are mounted within the V of the cylinder banks,
as opposed to the conventional arrangement on the
outside next to the crankcase. The exhaust side of the
cylinder heads is inboard and the intake side outboard.
This layout facilitates short gas paths with minimal
flow losses and delivers spontaneous response characteristics. Sophisticated insulation of the hot components
ensures stable thermal conditions inside the V.
The four-liter V8, which has its own dedicated engine management, breathes through a dethrot
tled intake manifold. Inside the twin-scroll exhaust mani
fold are sound flaps that give the distinctive sound even
more volume. Their control is dependent on load and
engine speed, from the mode selected in Audi drive select and from the operating level of the eight-speed tip
tronic. Audi also offers an optional sports exhaust.
The 4.0 TFSI comes equipped with the technologies from Audi’s modular efficiency platform. This
portfolio of friction-reducing measures includes the
start/stop system and the innovative thermal management, which suppresses the flow of cooling water during the warm-up phase to enable the oil to reach operating temperature as quickly as possible. The regulated
oil pump varies oil pressure in two stages, while the
piston oil injection nozzles are controlled by the engine
mapping.
A further groundbreaking innovation is the
cylinder on demand (COD) technology, based on the
Audi valvelift system (AVS). Under low to medium load
and engine revs – up to around 250 Nm and 3,500 rpm
– it deactivates cylinders 2, 3, 5 and 8 by closing the
valves and stopping injection and ignition. The efficiency of the active cylinders increases because the operating points shift to higher loads.
The switch is made in just a few hundredths
of a second using sleeves shifted electromagnetically
on the camshafts. It happens so smoothly that, in effect, the driver can identify four-cylinder operation only
via a display in the instrument panel. As soon as he accelerates heavily, the cylinders are reactivated. COD tech
nology reduces fuel consumption in the NEDC by around
five percent and by as much as ten percent at a constant
speed of 100 km/h.
When the V8 runs temporarily as a V4, ignition occurs only every 180 degrees of crank angle, meaning that the crankshaft drive produces an increased
level of torsional vibration. Audi combats this in the new
RS 6 Avant with another high-end technology – active
engine mounts. They use an electromagnetic actuator
to generate opposing-phase counter vibrations that
superimpose on the engine vibration, largely cancelling
it out. The active engine mounts also work while the
engine is idling.

Fuels for sustainable mobility
		Audi is promoting the development of new, CO₂-neutral fuels and
making use of innovative technology in the process – using microorganisms
to produce diesel and ethanol. The first demonstration facility is currently under
construction in New Mexico. We pay a visit to the site.

A new era
Present – the old oil pumps define the landscape
and the economy of New Mexico.
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Future – cyanobacteria, swimming here in a test tube,
will soon be producing renewable fuels.

Text
Thomas Tacke

Useful microorganisms – single-cell organisms
use carbon dioxide and water to make synthetic fuels –
Audi e-ethanol and Audi e-diesel.

Scan the QR code and watch the
Audi e-fuels animation!

Photos
Alexander Herold

It is very hot on this October day in New Mexico. The sun
beats down onto the long road that disappears over the
horizon. This is home primarily to huge trucks. Those not behind the wheel of
a big tractor-trailer combination is on the road with an equally impressive pickup, listening to country music on the radio and rolling leisurely past the vast
expanse of fields and prairie land. To the left and right of the dusty road is
mostly a whole lot of nothing, with huge tracts of land completely uninhabited. New Mexico is the fifth-largest state in the USA, but also one of the most
sparsely populated.
Only large steel structures positioned at regular intervals interrupt
the otherwise untouched natural vista – oil pumps incessantly nodding their
heads to the ground – slowly down, then slowly back up again. With every cycle,
their pistons pull the black gold out of the earth and pump it on to the next tank.
“Pump Jack” is the rustic name given by the locals to the machines that are strewn
across vast areas and that have characterized New Mexico for many years.
“This is where you really see how the earth is being sucked dry. It’s
pretty extreme,” says Reiner Mangold. The Head of Sustainable Product Devel
opment at Audi is traveling in the south of New Mexico with Project Manager
Sandra Novak and Daniel Patnaik, Legal Adviser to Technical Development.
Close to Hobbs, a town of 30,000 inhabitants, the group leaves this traditional pumping equipment behind and heads for a facility that, even from a
distance, looks far more modern than its surroundings. When the security
guard opens the gate for the visitors from Ingolstadt, she greets them with a
friendly “Welcome to the Joule Project!”
The Joule Project is a cooperation between AUDI AG and US company Joule Unlimited that has the ability to change the future of the automobile. Founded in 2007, the company is based in Bedford, Massachusetts, and
is working with the help of special microorganisms on producing synthetic fuels
– Audi e-diesel and Audi e-ethanol.
“Visionary” is how Reiner Mangold enthusiastically describes this
technology as he walks across the site. He and his team are here to look at the
progress of construction work. The last time they were here was a few months
ago. Joule employees are still laying pipes, tightening screws and checking the
technology in the laboratory. However, the true stars are already swimming in
a green liquid in front of the eyes of the visitors from Ingolstadt. They are the
cyanobacteria. “They are single-celled organisms measuring a few thousandths
of a millimeter – and one of the oldest lifeforms on earth,” explains Mangold
as he gazes intently at the test tube.

Rolling out the film, laying pipes and fastening screws –
the final construction work is underway at the demonstration facility. Daniel Patnaik and Reiner Mangold (below
right) inspect how things are developing.
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The tailor-made bacteria need mainly CO₂, water and solar energy
to live. However, instead of using photosynthesis to generate new cells, they
produce a continuous stream of other hydrocarbons, such as ethanol or longchain alkanes, which are an important constituent of diesel fuel. For these
processes, the bacteria use sunlight and CO₂ – from sources such as industrial
exhaust – plus saline or waste water. Clean drinking water is not necessary for
the production of either fuel. At the end of this photosynthesis process, the
ethanol or synthetic diesel is separated from the water and cleaned.
Audi e-ethanol has the same chemical characteristics as the bioenthanol already established on the market – with the benefit that it is produced
without biomass. It can be used as an additive to fossil gasoline or as the basis
for E10, or for the E85 fuel commonly found in Scandinavia and here in the US.
Audi e-diesel is free of sulfur and aromatics and highly combustible. Its chemical composition makes it suitable for mixing with fossil diesel in any proportions.
According to current estimates, the yield of this technology is at
least a factor of ten greater than for conventional bioethanol. “Plus, it means
we can use areas for energy production that are unsuitable for agriculture –
such as the dry and sunny region here in Hobbs,” says Mangold, as he checks
the equipment in the laboratory.
The cooperation between Audi and Joule has been running since
2011. The American partner company has secured its technology with patents
and Audi has acquired the exclusive rights in the automotive sector. The cooperation also encompasses technical support – Audi engineers bring their knowledge and hardware in the field of fuels and engine testing into the development process. “This facility is the first of its kind able to generate sustainable
fuels directly from sunlight and CO₂. Together with Audi, we can achieve a
completely new dimension in unleashing the potential of biofuels – without
the disadvantages that have hindered their use to date,” says Paul Snaith, Chief
Business Officer at Joule.
Snaith leads the business partners from Ingolstadt through the
demonstration facility, introduces them to the engineers, biologists and chemists and explains the latest construction work. Full-scale operation is scheduled
to begin in May 2013 with the production of Audi e-ethanol; Audi e-diesel is
expected follow in 2014. Commercial production of the new fuels could then
commence within the next five years.
Mangold is upbeat about the outlook. “If that all works as planned,
we will be able to replace truly massive quantities of fossil fuels with renewable
fuels without competing with the production of food,” he says, walking across
the site. He takes another look at the large tanks, casts a satisfied eye over the
cooling facility and then drives off with his team – back out of the future, back
into the present and once again past the “Pump Jacks”, standing as memorials
to a finite energy.

Visionary – the facility’s forward-looking technology is clarified
in the Hobbs laboratories. The bacteria and their output are
analyzed here. Paul Snaith from Joule shows Reiner Mangold the
first cultures.
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Frugal – the cyanobacteria need just CO₂, water and
sunlight for their productive life.

NFC

Magazine
Only those prepared to look beyond their horizons can
evaluate and build on their own progress. Technology news
from around the world.

Image provided by: Fraunhofer SIT

Text: Anja Nerreter

Without words

Image provided by: CAU, TUHH

A device for everything – in future, smartphones will even
be used to open doors.

Keyless
Calling your car key when you can’t find it?
This idea is now a reality. The new ShareKey technology
turns your smartphone into your car key.
ShareKey opens NFC remote-control locks
in less than 500 milliseconds. With an app, the user can
manage access rights and apply time restrictions. The
virtual key can also be passed on as a QR code, via e-mail
for instance. To prevent unauthorized individuals from
unlocking the car, scientists at the Fraunhofer Institute
for Safe Information Technology have developed special safety architecture.

Lighter than ever
New world record – the lightest material in
the world is called Aerographite. Based on zinc oxide, it
is made from a network of tiny porous carbon tubes that
are three-dimensionally intermeshed at a nano and
micro level. At 0.2 milligrams per cubic centimeter,
Aerographite weighs four times less than the previous
record holder, a nickel-based material.
Scientists at Christian-Albrechts University
in Kiel (CAU) and the Technical University of HamburgHarburg (TUHH) have equipped the carbon material
with special characteristics – its high stability under
compression and tensile load is unique, making Aero
graphite even stronger. Plus, the jet black material is
also electrically conductive, moldable and opaque.

Communication with computers via voice
control is almost an everyday thing nowadays. But not
everyone can use this technology, as the pre-requisite
is a voice. A new technology is now opening the way for
silent communication.
The key is the facial muscles that are active
during speech. Even with no voice, they generate measurable electrical signals. Professor Tanja Schulz from
the Karlsruhe Institute for Technology (KIT) has succeeded in using these signals to make silent speech
audible or readable as text on a computer. Her work has
been rewarded with the 2012 Research Prize for Tech
nical Communication from the Alcatel Lucent Foun
dation.
For further information go to:
www.kit.edu

For further information go to:
www.uni-kiel.de

Code

Silent speech – muscle activity is converted into speech
using a process of pattern recognition.

It starts with zinc oxide – the world’s lightest material
is based on the nano and micro-structures of zinc-oxide. These
tetrapods are then encased in a layer of graphite. One step
later and the result is a network of tiny porous carbon tubes –
Aerographite (top to bottom).
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For further information go to:
www.sit.fraunhofer.de

Like in the movie – inspired by the Audi RSQ in I, Robot, students
are developing a motorcycle that runs on balls.

Image provided by: Stein / Macavei

Unconventional technology – Toma Macavei’s
Finn transmission.

Shifting up 100 gears
A transmission with 100 speeds? Incon
ceivable! But not to former information science student
Toma Macavei from Saarbrücken. His Finn gearbox goes
beyond the limitations of current production technology – while being no bigger than a sheet of A4 paper.
“I have combined two gear chambers,” explains the inventor.” They are automatically coupled via
a computer-aided solution that determines the optimum gear for every speed. Because the Finn gearbox
can transmit forces in two directions – from the engine
to the wheels and vice versa – Macavei believes it would
be highly suited to hybrid vehicles.
For further information go to:
www.uni-saarland.de

Rolling around

Bend and Not Break
Scientists at the Leibniz Institute for New
Materials (INM) in Saarbrücken have developed a ceramic that will bend without breaking. The coating material can even withstand the impact of a 500-gramm ball
dropped from a height of one meter. The development
is based on a special manufacturing process that makes
use of techniques like spraying and dipping.
Ceramics are suited to high-temperature
applications, are electrically insulating and extremely
resistant to wear; characteristics that have been retained by the new ceramic coating. Through cooperations,
the material can now also be adapted for use in the automotive sector.

500

Image provided by: Spherical Drive System
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RSQ
For further information go to:
www.sphericaldrivesystem.com

For further information go to:
www.kit.edu
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The two large balls stand out immediately.
They are made from carbon-fiber reinforced polymer
covered with rubber and serve as “wheels” for an electric motorcycle. This new kind of concept was developed
by students of San Jose State University under the name
of Spherical Drive System.
Each “wheel” is fitted with three motors.
This enables the motorcycle to balance itself and to
drive in any direction. The technology is currently still in
the development stage. However, the prototype should
be completed within the foreseeable future and is expected to achieve a top speed of almost 100 km/h.
As it happens, there has already been an
Audi with ball drive – Will Smith raced through the
movie I, Robot in his RSQ.
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New metal materials
Audi continues to drive forward progress in automotive lightweight
design – with new developments in metal.

Light is good
0.9 kg

Light is fun –
Claus Haverkamp (left), Head of Bodyshell Concepts and Lightweight Design Technologies at the Audi Lightweight Design Center,
and Alexander Hoffmann, Head of Technology and Characteristics Development Metals.
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Future component –
the aluminum crash box from a Audi model is incredibly lightweight
and has excellent deformation characteristics.
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Millipede –
The topology of the aluminum connection piece between the sill and the longitudinal beam on the
Audi A8 has been optimized in accordance with bionic principles. Minus the channels required for the casting process, which are
removed afterward, it weighs just 9.9 kilograms.

The experts at the ALC know every relevant material in detail and repeatedly put them
back on the test stand for their respective applications.
Claus Haverkamp

Text
Johannes Köbler

9.9 kg
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Claus Haverkamp is a man with helicopter
vision. The Head of Bodyshell Concepts and
Lightweight Technologies at the Audi Lightweight Design Center
(ALC) has brought with him an exhibit that clearly illustrates the
broad-based expertise of his team. “We have developed several
alternatives for the roof of the A8,” explains Haverkamp. “In series
production, it is made from aluminum and weighs just 5.6 kilograms. With visible carbon-fiber, we come down to an impressive
3.9 kilograms. Right now, roofs made from natural fibers like basalt or even linen weigh 11.1 kilograms and 12.9 kilograms respectively, and are not yet sufficiently lightweight to compete with CFRP
or aluminum. But they could certainly stand up to a steel roof,
which weighs 13.5 kilograms.”
Audi’s ultra-lightweight design is not anchored to one
specific material – it means ongoing innovation and permanent
competition between materials. The experts at the ALC know every
material in detail and repeatedly put them back on the test stand
for their respective applications, in keeping with the principle: “The
right material in the right amounts at the right place for optimum
function.”
Fiber-reinforced polymers offer attractive potential –
the roof comparison demonstrates that many of them are still at
the very start of their careers. Carbon-fiber reinforced polymer
(CFRP) offers top performance with very low weight, making it the
first choice for exclusive, sporty vehicles. But the energy required
to manufacture carbon fibers and the cost to the customer are currently still high, which is why Audi engineers are working on new
solutions. This approach involves leaner production processes, com
pound components – such as aluminum parts with CFRP reinforcement – and alternatives like “green” fibers.
This notwithstanding, the next generation of high-vol
ume bodyshells produced by Audi will still be based largely on lightweight metallic materials, and here, too, Audi is moving forward
at speed with ultra-lightweight design. The first A8 from 1994 set
off an earthquake in the steel industry with its ASF (Audi Space
Frame) bodyshell. The subsequent advancements that took place
in lightweight steel design is now benefitting automotive design
and car drivers worldwide.
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Competition between materials –
Claus Haverkamp
with a number of A8 roof variants.

Development work carried out by Audi engineers in the
ALC is ongoing – with their classic material, too. Alexander Hoff
mann, Head of Technology and Characteristics Development Met
als, explains, “Our target is components that are as stiff as possible
and that have the lowest possible wall thickness. We are working
on manufacturing processes, on tooling and on materials. We have
patented a new alloy that stands out for its improved flow characteristics combined with increased strength. In the finished component, we are achieving yield strengths of up to 200 megapascals
and minimized wall thicknesses of just one millimeter.”
One further innovation is aluminum alloys incorporating lithium. “This material won us over a long time ago with its stiff
ness and hardness, but it was also five times more expensive than
normal alloys,” reports Hoffmann. “However, it is now enjoying a
boom in aircraft design, which we are assuming will lead to price
reduction.” Claus Haverkamp sums it up, “Over the next few years,
we expect to see weight savings of around 15 percent in an allaluminum bodyshell. In order to avoid bottlenecks, we will manufacture most of the components we need in our own foundry near
Ingolstadt, which will come online at the end of the 2013.”

Over the years to come, we can envisage replacing aluminum parts with
magnesium in several different areas.
1.2 kg

0.9 kg

Claus Haverkamp
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2.7 kg

1.7 kg

Lighter in magnesium –
the underside of the hood weighs just 2.7 kilograms. The same component in steel weighs 5.2 kilograms.

Competition of materials –
suspension cross-braces for the A8 made from powder-coated magnesium, aluminum and CFRP (from left).
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Development work in ultra-lightweight design never stops. We are working on
manufacturing processes, on tooling and on materials.
4.3 kg

3.2 kg

8.5 kg

Alexander Hoffmann

Even lighter than aluminum is magnesium – by around
one third; one cubic centimeter weighs just 1.74 grams. An A8 suspension cross-brace made from magnesium weighs around 1.2
kilograms, about 500 grams less than the same component in aluminum. When it comes to the large sedan’s suspension strut dome,
the difference is 1.1 kilograms at a weight of 3.2 kilograms. Audi
is already using the ultra-lightweight material for many of its gear
casings, for steering wheel skeletons and for the engine frame in
the R8.
Further expansion of its use is currently restricted by
the fact that magnesium requires special jointing technology and
corrosion protection. But Audi is working on addressing these issues, too. Innovative alloys inhibit corrosion, as do cathodic dip
coating and powder coating. In the field of jointing technology,
engineers from the ALC are focusing their efforts primarily on cold
processes like screw fastening, riveting and crimping, as well as
adhesive bonding.
Similar to aluminum, magnesium can also be processed
into cast parts, extruded profile and panel components – with the
help of brand-new technologies. Alexander Hoffmann points to the
underside of a hood, “This is from an A1. In series-production, it is
made from sheet steel and weighs 5.2 kilograms; with magnesium,
we have brought the weight down to 2.7 kilograms. Compared with
aluminum, the stiffness is about the same and, while wall thickness
may be slightly higher, the weight benefit is around 20 percent.”

A big small difference –
the current A-pillar of the A8 (above) is two millimeters thick.
The next one will be just one millimeter.

The underside of the hood is made as a tailored blank,
with a thickness that varies between 1.2 millimeters at the center
and 1.6 millimeters at the outer edges. Its manufacture uses an
extremely specialized process, as Hoffmann explains, “First, an
extrusion process is used to create a magnesium profile with varying wall thicknesses. On exiting, the magnesium tube is at a temperature of up to 500 degrees Celsius. It is then cut open along its
length and calibrated by rolling. The result is a flat magnesium
plate with a predefined thickness profile. In a second step, the
plate is hot formed once more in a heated press tool to give it its
final geometry.”
“Over the years to come, we can envisage replacing aluminum parts with magnesium in several different areas,” says Claus
Haverkamp. “The competition between the materials requires us
to master every single step in the development and production
chain – from functional simulation to production technology, including expertise in tooling design, all the way to jointing technology. Only this way, are we in a position to continue redefining and
pushing at the boundaries of what it possible in ultra-lightweight
design.”

Metals expert –
Alexander Hoffmann with an example that
combines several new solutions.
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Aluminum, magnesium, steel –
suspension strut dome from the A6, A8 and A4 (from left). The A8 part is a prototype.
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Plug&
Play
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Dual-Mode Hybrid
		Audi is setting a course for the mobility of the future –
with versatile plug-in hybrid vehicles and with Dual-Mode Hybrid technology.

Great driving fun with minimal
CO₂ emissions – the Audi A1 prototype with
Dual-Mode Hybrid technology.
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Driveline specialist – Dr. Daniel Boland
in the Audi A1 with Dual-Mode Hybrid technology.
Urban type – the prototype is tailor-made for
modern city life.

Text
Johannes Köbler

Scan the QR code and experience the principle of the
Audi Dual-Mode Hybrid in an animation!

Our concept has no gearshifts and no rubber band effect,
it drives like a purely electric vehicle.
Dr. Daniel Boland
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The white Audi A1 glides silently out of the
car park then rolls electrically along the
road at 50 km/h. On reaching the city limits, Dr. Daniel Boland steps
purposefully on the right pedal and the compact car dashes forward with a spurt of sporty acceleration. “Did you feel the TFSI kick
in?” asks the Audi drive development engineer. “We have set it up
to be wheel-torque-neutral and virtually imperceptible.”
The white test car is the prototype of a plug-in hybrid
vehicle that looks far into the future of electric mobility. Its drive
adopts a wholly new approach, using Audi’s Dual-Mode Hybrid technology – a comfortable, efficient and impressively simple concept.
Dr. Boland, his colleague Dr. Axel Heitmann and the rest of their
team have been working on this for the last two years. Preliminary
road testing followed test-bed testing and the construction of an
initial prototype vehicle. Testing has been ongoing for the last few
months using several prototypes based on the A1. All areas of
Audi’s Technical Development function have participated in this
team effort.
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The Dual-Mode Hybrid layout is made up primarily of an
internal combustion engine, two electric motors and a highly efficient single-speed transmission. With a system output of 130 kW
(177 hp), the prototypes accelerate from zero to 100 km/h in less
than nine seconds and onward to a top speed of around 180 km/h.
With the 17.4 kWh battery, which is mounted mainly beneath the
rear seats, they achieve a range of around 90 km in electric mode.
The battery can be recharged in around one and a half hours using
heavy current. Average fuel consumption is around 1.0 liter per 100
km and CO₂ emissions just 23 grams per km.
The internal combustion engine is a three-cylinder TFSI
with a displacement of 1.5 liters that was developed in-house. It
generates 95 kW (130 hp) and 200 Nm of torque. The TFSI is connected to a disc-shaped electric motor (EM1) that functions primari
ly as a starter and generator; it produces 50 kW of power and 210
Nm of torque. Electric traction is handled by the second electric
motor (EM2), an asynchronous motor with 85 kW and 250 Nm of
torque. The Dual-Mode unit occupies roughly the same space as the
conventional transmission under the hood of the A1.
The Dual-Mode Hybrid concept offers a number of different operating modes. From start up to 55 km/h, the EM2 handles all of the drive, meaning that the compact car drives in the city
with zero local emissions. Should the battery deliver too little energy, the system switches for a short time to series operation,
whereby the TFSI and the EM1 generate electric energy.

Power flow – the display provides
graphic information on the current operating
status.
Speedy – the Audi A1 with Dual-Mode
Hybrid technology is a fast mover on the open
road, too.
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Urban all-rounder – in city traffic,
the prototype generally has zero tailpipe
emissions.

Electric drive is possible up to 130 km/h. As of around
55 km/h, the drive system allows the TFSI and the EM1 to connect
with the driveline via an electromechanically actuated dog clutch.
In this hybrid mode, the control unit decides, in accordance with
the situation, whether the individual drives should work together
for optimum efficiency or optimum performance.
Above the 130 km/h line, drive is handled largely by the
internal combustion engine. Depending on requirements, the electric motors are brought online for recuperation or boost. The operating strategy allows the driver to choose between a more econo
mical or sportier mode. Plus, up to 130 km/h, he can also choose
to activate electric drive. “The Dual-Mode Hybrid has no gearshifts
and no rubber band effect,” says Audi engineer Dr. Daniel Boland.
“It drives as smoothly as a purely electric car.” The white A1 rolls
back into town and into its parking spot. The drive was short – but it
was an exciting trip into the future of mobility.
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Audi A1 with
Dual-Mode Hybrid technology
Technical data
Power/torque TFSI

95 kW (130 hp)/200 Nm

Power/torque EM 1

50 kW/210 Nm

Power/torque EM 2

85 kW/250 Nm

Total system power

130 kW (177 hp)

Battery capacity

17.4 kWh

0 – 100 km/h

less than 9 s

Electric range

ca. 90 km

Passion
		Passion is a driving force of Audi’s development work.
Passion means love, sometimes lust and always full commitment.

Passion.
116
124
128
136
148
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Serial winner – the race car factory
Lux lucis
Elementary particles in the extreme
Fine D-tail
Glossary
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Audi R8 LMS ultra
No other GT sports car dominated the endurance season in 2012 like the
Audi R8 LMS ultra. The foundations for the unparalleled success of this
winning car were laid years ago by Audi engineers – with a series-production
car that possesses the best possible genes for a race car.
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1

2

3
Technical data

Audi R8 LMS ultra (2012)
Sports car according to FIA GT3 rules

Design

Audi Space Frame (ASF) made from
aluminum with bolted steel roll-cage, carbon-fiber 	
composite/aluminum bodywork

Engine

V10 engine, 90 degree cylinder angle,
four valves per cylinder, DOHC,
gasoline direct injection, emission control by two
race catalytic converters, dry sump

Displacement

5,200 cm³

Power

variable up to 419 kW subject to restrictor size

Torque

over 500 Nm

Scan the QR code and experience the
Audi R8 LMS ultra in action!

4

Text
Markus Stier

Photos
Uwe Fischer

Romolo Liebchen is supposed to bare his
teeth, but only for the photographer. He
would like to see a broad smile, but the boss of the Customer Sport
department prefers a more mischievous smile – something he finds
very easy. The 2012 season produced virtually no competitors that
collected as many GT victories as Audi did with the R8 LMS – especially in the big-name classics, the 24-hour races at the Nürburgring
and Belgium’s Spa-Francorchamps.
Liebchen is a full-blooded racer and has been active in
motorsport with Audi for more than two decades. He worked as an
engineer on several DTM titles and, from his time as Head of
Construction Sports Vehicles, involved in all the Le Mans victories
claimed by the four rings until 2008. What could be better in the
life of a racer that to line up victory after victory? For Liebchen, the
answer was easy – to build something completely new, then to win
with that, too.
When Audi engineers conceived the R8 as a high-performance sports car for the road, its ability to compete as a race car
was already part of the plan. “It was my task from the outset to
safeguard the motorsport genes,” says Liebchen. And thus, by way
of example, the qualified vehicle engineer was able to convince his
colleagues from series-production development to select a doublewishbone rear axle arrangement that could be adapted for race
applications. There were also a few matters to be discussed with
the design department. The rear end, which started off very round,
would have to be made a little more angular for aerodynamic reasons. “It was, at times, a very stressful process,” recalls Liebchen.
In the end, however, all those involved agreed on a
sports car that, even in its road-going guise, possesses the very best
genes for a race car. Furthermore, the desire was to retain as much
as possible of the series-production car in the later racing version
of the R8. Mission accomplished there, too. The finished production
model delivers more than 50 percent of the parts for the race car.
This underscores the exceptional competence of the R8 – and keeps
a lid on the costs. At the end of the day, the R8 LMS is envisaged
primarily as an affordable race car for private customer teams. As
a consequence, the price for the racing R8 including tax is around
390,000 Euros. While that may sound expensive, a car capable of
winning in the hotly contested GT3 class against a dozen manufacturers can easily cost a half a million.
The Customer Sport department is attached to quattro
GmbH and located at two sites, in Ingolstadt and in HeilbronnBiberach. The latter is just a few kilometers away from the Audi
plant in Neckarsulm, where the series-production R8 is built. This
is a very practical arrangement, as the life of every R8 LMS also
begins on the production line of the road-going sports car. Since its
2012 evolution, it now bears the sobriquet ultra, because, with the
exception of the roof, the entire bodywork is made from CFRP.
The aluminum chassis has an undressed weight of 210
kilograms. During its construction at the factory, it is removed from
the normal production process and fitted with relocated mounting
points for the racing suspension – the competition version is 70
millimeters lower at the front axle and 60 millimeters lower at the
rear. Pick-up points for the pneumatic vehicle lift are also welded
to the front and rear and then a safety cage installed. The otherwise
production-standard body-in-white then returns to the normal
production process. Liebchen is very satisfied with this arrangement, because the team in Neckarsulm delivers bodyshells of an
extremely high and consistent quality. Prior to “dispatch” to Bibe
rach, they have even been through the cathodic dip coating process.
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The body-in-white of the racing R8 starts off 56 kilograms heavier than that of its series sibling on account of its safety
cage. However, this changes rapidly during subsequent build.
Whether it is the mounts for the air conditioning, or the motors for
the power windows, insulation material or meters of cable – the
50-man Customer Sport team are experts in leaving things out. The
parts list for a standard R8 comprises around 5,000 components;
for the race car, the figure is just around 4,000, both figures excluding the engine. Instead of just under 1.6 tonnes, the finished race
car has a curb weight of just about 1,250 kilograms. From the complex vehicle electronics system, only the engine control and traction
control have been carried over, as have the control units for the ABS,
gearshift and central display – these are all the electronics it needs.
The central computer for the engine is an adapted series component. The GT race car also needs no refined racing brain,
because, behind the driver’s seat beats the ten-cylinder heart of its
series sibling. Aside from its reinforced bearing bushings, the direct-injection unit with a displacement of 5.2 liters comes directly
from the standard equipment shelf. Even the dry-sump lubrication,
always a delicate issue in racing, remains untouched. And the intake
tract, too, is taken largely from series production. It required only
that space be made for the two air restrictors for limiting power
output depending on the applicable regulations. When allowed to
breathe freely, the engine delivers up to 419 kW (around 570 hp).
The only increase in friction and vibration was in the
circulation systems of the engine development engineers at the
start of the project. “In racing, it is usually about taking the techno
logy to its limits. Unfortunately, however, that doesn’t always work,”
says Liebchen with a smile. Nevertheless, the engineers’ worries
were unfounded. The V10 easily handles even 24-hour races covering distances of 4,000 kilometers, 2,400 of them under full load.
It generally manages to complete a full season without overhaul.
The often extremely hard gearshifts under race conditions, however, would have been very tough on the series-production transmission, which has given way to a specially engineered
racing gearbox with pneumatic shift actuation controlled via steering wheel paddles. The transmission of power – which is sent only
to the rear wheels – was not the only aspect subject to in-depth
development work; safety technology is another area where compromise was out of the question. The fire extinguisher equipment
carried over from the Le Mans prototypes may be more expensive
than other systems, but, according to Liebchen, it is considerably
more effective than other systems. At Audi Customer Sport the
motto is “safety first”. And that is why the decision was taken to
develop a dedicated racing seat. The brand-new carbon-fiber construction, which is fixed to the chassis with screw fasteners, is
unique on the market and so stiff that, in the event of a side impact,
it would rather damage the safety cage than yield itself. Even competitors have made enquiries about the Audi seat, and Liebchen is
prepared to submit to their wishes. “Competitive thinking would
not be appropriate in the field of safety,” he says.

1

Unchanged – the dashboard comes
from the series-production R8; only the
badge has been changed.

2

Unyielding – a suspension cross-brace
stiffens the front end of the car.
The servo oil reservoir is a series part.

3

Unstoppable – in two weeks,
two mechanics have built a racing R8.

4

Unflinching – the series-production
engine even withstands 2,400 kilometers
under full load in a 24-hour race.

Weight / dimensions
Length / Width / Height

4,670 / 1,994 / 1,195 mm

Start weight

1,250 kg

Tank capacity

120 l

Equipment
Fire extinguisher

Audi Sport

Seating system

Audi PS1 Protection Seat

Precise – the aluminum chassis, here already fitted with
the first pieces of equipment, is delivered from the Neckarsulm plant,
complete with corrosion protection.

1

3

Drivetrain / transmission
2

Drivetrain

rear wheel drive, traction control (ASR),
standard clutch, optional race clutch

Gearbox

sequential, pneumatically activated
6-speed sport gearbox with shift paddles,
locking differential

Suspension

independent front and rear suspension,
double wishbones, damper struts with coil springs
(Eibach) and adjustable dampers (Bilstein),
as well as adjustable front and rear anti-roll bars

Brakes

dual circuit hydraulic brake system,
steel brake discs front and rear, race ABS

Wheels

cast magnesium wheels (O.Z.),
12 x 18 inches front, 13 x 18 inches rear

Tires

Michelin, 30-65/18 front, 31-71/18 rear

The wheel carriers and steering are carried over from
the series-production version. Only the adjustable anti-roll bars are
racing components. The race dampers come, like those in the series
car, from Bilstein. The Audi ceramic brake system from the seriesproduction model had to step aside in favor of a racing brake system with steel discs. Not because they were unequal to the demands, but because changing their pads during a race would take
too long. Moreover, the ceramic discs sized for the 19-inch wheels
do not fit particularly well beneath the 18-inch wheels specified by
the regulations.
Somewhat more extensive modification was required
to widen the exterior bodyshell by almost 80 millimeters and to
adapt the rear spoiler to resemble that of the Le Mans prototypes.
However, the wind tunnel sessions generally required in modern
racing were not necessary in this case. Prior to its first season, the
R8 LMS spent only two days in the test facility.
The engineers modified the radiator position in the interest of reliability. The central radiator, which has been positioned
farther back in the front of the vehicle, does not necessarily offer
more performance, but it is better protected in the event of a collision. Liebchen decided that, “Even if some things get dislodged
following a light collision, an Audi should still be able to complete
the race.”
And that approach has been highly successful. In three
years, the R8 LMS has taken part in more than 560 races on four
continents. In those races, it claimed 150 victories and a further
255 podium positions. 30 customer teams compete across 16
countries in 18 championships and have won two dozen titles so
far. Crucially, the key races of the last season all went to the Lords
of the Rings. The R8 claimed the prestigious 24-hour classics in Spa
and on the Nürburgring, as well as the race around the clock in
Zolder and the legendary twelve hours in Australia’s Bathurst.
Overall victory at the 24-hour race on the Nürburgring
was the biggest highlight of the season. Marc Basseng, Christopher
Haase, Frank Stippler and Marcus Winkelhock from Audi Sport
Team Phoenix completed 155 virtually trouble-free laps with the
new R8 LMS ultra in the face of tough competition and continually
changing weather conditions. With a gap of 3:35.303 minutes,
Christian Mamerow, Christian Abt, Michael Ammermüller and
Armin Hahne from Team Mamerow Racing crossed the finish line
in second place.
The 2012 season saw Belgian team WRT take part with
two R8 LMS in the FIA GT1 World Championship, which was exclusively set up for GT3 cars. Frank Stippler, Oliver Jarvis, Stéphane
Ortelli and Laurens Vanthoor were behind the wheel. In the USA
and Canada, the Audi R8 GRANDAM also took part in GT sport. And,
in China, a new single-brand series has been launched for the Audi
R8 LMS.
Work in Biberach is currently underway at full tilt. Two
dozen new R8 LMS ultras are being built for 2013, bringing the
total number of R8 GT race cars built to 120. It is thus safe to say
that Romolo Liebchen can very well approach the New Year with his
mischievous smile.
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1

Indestructible – installation of the
patented safety seat, which the compe
tition would also like to have.

2

Undaunted – because the regulations
specify 18-inch wheels, the racing brakes
are smaller than the series version.

3

Unflustered – Head of Customer Sport
Romolo Liebchen looks back on a record
season with a smile.

4

Non-flammable – a safety tank with a
special lock prevents fire accidents.

5

Undefeated – the R8 LMS ultra won all the
important endurance classics in 2012.

Ruby red light

Polar white light

By day,

in the wooden trim could warn against opening
the door without looking.

behind the layered oak veneer delivers a pleasant
ambience in Audi’s typical cool shade of white.

the strips within the layered veneer appear
black without LED illumination.

Lux

lucis

Enlightenment
		The door emits soft mood lighting, but
also warns of danger. Innovative ideas for interior illumination
incorporate safety functions into the design.
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Green light

1

Innovation – lighting aids the sense
of wellbeing in the car, but can also convey
information.

2

Transparency – thanks to translucent
materials, the control panel appears to float
above the center console.

3

Lighting visionaries from
Development and Design – from left,
Stephan Berlitz, Johannes Tovar,
Christoph Schmitz and Project Manager
Dr. Jens Dietmar Reuschel.

along the steering wheel could signal to the driver:
Piloted driving is active, the car is now steering autonomously.

Red light

2

1

3

would mean: Take care, heightened attention required,
please resume control.

Text
Lena Kiening

White light
indicates that piloted driving is not
currently active.

Our vision was to integrate
safety functions into lighting design.
Christoph Schmitz

Photos
Alexander Herold

Natural sunlight is fundamental for life on
our planet. Artificial lighting, on the other
hand, turns night into day – in the office, in our homes, on the road.
But, aside from its functional effect, the right kind of lighting also
increases the sense of wellbeing, stirs the emotions – and serves
as the setting for identity.
In automotive design, too, the use of light has long
been an important creative factor. The typical LED elements in the
headlamps and rear lights of Audi vehicles, for example, give the
individual models a distinctive and immediately recognizable signature. Particularly as Audi was one of the first brands to integrate
this technology into its look.
But now it is interior lighting that is receiving increasing
focus from automotive designers. “We already have the best workmanship and the most premium materials. Now we want to bring
our expertise in the field of light into the interior and to become a
pioneer in this area, too,” explains Johannes Tovar, Interior Designer
at Audi. The current A8 already shows a whole series of such innovations, such as the dimming up and down of individual light pools
on stepping into and out of the car. But that is just the beginning.
Designers and engineers have a whole lot more planned
for the future. For more than a year, Dr. Jens Reuschel, responsible
for Advanced Technology Projects at Audi, and his colleagues
Stephan Berlitz (Advanced Technology Light), Christoph Schmitz
(Development Interior Lighting) and Johannes Tovar have been
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working on the so-called lighting try-out module. The absolute eyecatcher in the interior study based on the Audi Q7, upholstered in
light beige leather, is the new kind of wood applications. The layered oak veneer on the center console, the door panels and the
dashboard is backlit by LEDs, bathing the interior in a cool ambient
light. The cool white color underscores the modern lounge character that is so typically Audi. Where previously the center console
had a very solid look, it now appears almost to float in mid air. This
lightness was important to the designers. “We have been searching
for a long time for indirect lighting that also looks good in daylight,” states project manager Dr. Jens Reuschel.
But the LEDs behind the veneer can do a great deal
more: Surfaces that previously served only for ambient lighting and
thus wellbeing inside the car can also be used in future as warning
systems. If a cyclist passes the parked car, for example, the LEDs
behind the wooden door trim change from polar white to ruby red,
warning the driver prior to opening it. “Our vision was to integrate
safety functions into lighting design,” explains Christoph Schmitz.
The engineers can also envisage a similar function in the park assist
systems. Dynamic lighting is, in any case, one of the most emotional and effective forms of expression.
But how could piloted driving be aided by light in future? “Imagine you are stuck in traffic and moving only at walking
pace,” says Stephan Berlitz, describing a familiar traffic situation.
Looking into the future, the driver would have the option in such a
situation of switching on autopilot. In the minds of the lighting
designers, parts of the steering wheel would then immediately
light up in green, signaling, “I have taken over for you. I am steering.” If the driver has to take back control of the wheel, the color
changes to red. This function would be based entirely on changes
in light and would make additional operating or display elements
superfluous.
“This is obviously thinking far into the future,” admits
Berlitz. However, other elements of the lighting try-out module
could very soon bring added wellbeing and safety to a series-production model.

6

Lamborghini Sesto Elemento
Concept car and unique technology showcase – the one-off Sesto Elemento
celebrated its premiere in Paris 2010. Now the super sports car
is being built in a short production run of just 20 units as a demonstration
of Lamborghini’s outstanding carbon-fiber expertise.

Elementary particles
in the extreme
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Text
Paul-Janosch Ersing
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1

Final inspection – the Sesto
Elemento presents its flawless
finish beneath the bright
illumination of 24 light modules.

2

Light and shade – sharp shifts
between light and shade divide the
concave and convex forms of
the super-lightweight carbon-fiber
bodyshell.

3

Fresh-air fiend – the super sports
car on the terrace outside the
Pre-Series Center.

4

Maximum downforce – the big rear
spoiler and diffuser are perfectly
matched.

5

Sharp look – the precisely cut
headlamps units are set well apart
at the outer edges.

6

Finely honed – the Sesto Elemento
crouches low on the road, with
the rear lights glowing deep red.

2
6

Photos
Manfred Jarisch

In Automobili Lamborghini’s Pre-Series Center, final inspection is
something like the finish line. At the last of five workstations, a
matte-black super sports car crouches in a tunnel equipped with 24 light modules in two
different shades of white. The edgy design of the athletic carbon-fiber body is particularly
striking under this light, while the glistening red parts of the otherwise dark exterior skin
glint dangerously. After every single square centimeter has been checked and polished,
mechanic Filippo Marocco pushes the start button and maneuvers the vehicle carefully
through the door and onto the road outside. Although the super sports car is only moving in
slow motion at this point, its full-bodied engine tone sounds like a swarm of angry hornets.
419 kW (570 hp) from ten cylinders, permanent all-wheel drive – yet a dry
weight of a mere 999 kilograms and a power-to-weight ratio amounting to just 1.75 kilograms per hp. This combination catapults the car from zero to one hundred in an amazing
2.5 seconds. It also comes with this very special sound, the hissing and growling of the
V10. What made for impressive theory under the harsh spotlights of the 2010 Paris Auto
Show has now become a tangible reality – for a select few, at least. The one-off concept
car has spawned a limited production run of just 20 hi-tech super sports cars. The Sesto
Elemento (“sixth element”) puts all those that came before in the shade with its systematic application of carbon-fiber technologies. The name of the technology showcase is
derived from the periodic table of elements – where carbon is the sixth element.
The short production run of the Sesto Elemento sees Lamborghini follow a
strong Italian tradition, and carry it forward in line with the very latest 21st-century standards. This tradition is to develop super sports cars for a few collectors and automotive
enthusiasts and build them by hand with precision workmanship. The ability to create
precious one-offs has already been demonstrated on many occasions on the Terra di Motori
between Bologna and Modena. Impressive prototypes and studies are among the most
important chapters in the fascinating corporate history of Automobili Lamborghini. Even
series-production models like the legendary Miura (1966 to 1973), which ran into only
three figures, and the Jalpa (1981 to 1988) indicate that the joy of owning a Lamborghini
has always been the preserve of but a highly exclusive circle of people.
The more recent past, too, has seen some exquisite examples of extremely special models: Only 20 customers ever took possession of the Reventón, based on
Murciélago technology and with a top speed of 340 km/h – with the same number again
claiming their own edition of the no-less speedy Reventón Roadster. And the Aventador J,
the extreme, open-top showpiece of the 2012 Geneva Auto Show, exists purely as a oneoff. It left the glare of the motor show spotlights directly for the air-conditioned garage
of a wealthy collector.
The Sesto Elemento is above all proof of the carbon-fiber expertise that exists
in Sant’Agata Bolognese. The solid, stiff and yet extremely lightweight structure of carbonfiber reinforced polymers (CFRP) forms the basis for almost all the components of this
extreme sports car. The monocoque occupant cell is made from carbon fiber, as is the front
frame and and most of the interior. Monocoque means that the vehicle’s load-bearing
structure is built as a single shell that functions physically as a single component and thus
takes full advantage of the material’s extreme stiffness. The twelve-cylinder brand icon,
Aventador, also owes its stability and light weight to a carbon-fiber monocoque. However,
for the first time ever in a car, the monocoque of the Sesto Elemento is made using innovative Forged Composite technology.

The vehicles from the limited production run
have exactly the same aesthetics as the Paris concept car.
Maurizio Reggiani

Fresh air delivery –
the V10 power unit breathes through the hexagonal, red-illuminated openings on the engine cover panel.
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Pressure fill –
only a few parts are not made from carbon fiber. The twin aluminum fuel filler caps taken from motorsport are among them.
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The entire exterior skin is also made from carbon-fiber mats soaked in a thermosetting liquid resin. “The vehicles from the limited production run have exactly the
same aesthetics as the Paris concept car,” explains Maurizio Reggiani, Director of Research
and Development at Lamborghini. “All we have done is further increase the stiffness in
one or two areas and slightly modify the crash box.” One important interior detail on the
concept car has also been retained: The future owners of a Sesto Elemento will not sit on
a conventional sports seat. Instead, the seat cushions will be individually adapted to the
physical dimensions of every single customer and upholstered with a hi-tech fabric before
being fastened directly to the carbon-fiber monocoque. Adjustable pedals and a steering
wheel adaptable for height and reach ensure the right ergonomics in all situations. This
solution saves weight and is also surprisingly comfortable.
Chief Designer Filippo Perini casts his eye over the super sports car’s sharply
defined flank. “Form follows function” – you hear this term all the time in automotive
design. For the head of the Centro Stile Lamborghini, it takes on a whole new meaning in
the presence of the Sesto Elemento. “Despite its ‘naked look’, this car is packed to the brim.
Every single component has a job to do. Not a single part is superfluous.” Filippo Perini is
clearly proud of the “cofango”, derived from the Italian words “cofano” (hood) and “parafango” (fender) – the front and rear of the bodyshell are each made from a single carbonfiber piece, and are incredibly fast and easy to remove thanks to quick-release fasteners.
This means a significant reduction in the necessary components and thus further weight
savings. Moreover, the “cofango” is reminiscent of one of the brand’s historic icons: In
1966, the legendary mid-engined Lamborghini Miura was unique among super sports cars
– and its rear cover could also be opened in one piece.
At its world premiere at the Paris Motor Show, the Sesto Elemento concept car
impressed show-goers with its systematic CFRP construction and Lamborghini expertise
in its purest form. Filippo Perini is delighted that Lamborghini has now sanctioned a limited production run and that the extremely lightweight sports car will surely be seen –
albeit rarely – on a number of different race tracks. “I like it when my team gets to work
on a dream that will sometime become reality.”
The birthplace of the Sesto Elemento is the Pre-Series Center. The new facility
is the workshop for limited production runs. While, next door in the protoshop, prototypes
are built beneath a cloak of secrecy, the new super sports car is created in a hall flooded
with daylight at five successive workstations. The individual CFRP components are manu
factured in a neighboring building on the factory site in Sant’Agata Bolognese and delivered
on a transportation vehicle. At position three, a crane carefully lifts the V10 power unit
familiar from the Gallardo LP 570-4 Superleggera into the mounting location. One vehicle
length further on, a few liters of fuel are pumped into the tank and the engine is fired up
for the first time. Fitted to the distinctive tail pipes made from Pyrosic, an advanced glassceramic composite that can handle very high temperatures, is an extraction system. It
removes the exhaust gases via a filter and dampens the engine noise, although the piercing scream of the high-revving, naturally aspirated engine still sets spines tingling. It is a
true goose-bump moment that inspires a brief moment of devotional silence even in
employees of many years standing.
Then the Sesto Elemento rolls out into the fresh air for the very first time,
sunlight caressing the edges and angles of its skin. Chief Designer Filippo Perini nods in
satisfaction, “The Sesto Elemento is intended for collectors that would also like to take it
out on the race track from time to time. It is a car for collectors who also wear race suits.”
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Lamborghini Sesto Elemento

Engine

V10, 5,204 cm³, naturally aspirated, direct injection

Power

419 kW (570 hp)

Torque

540 Nm at 6,500 rpm

Drivetrain

automated manually gearbox, permanent all-wheel-drive

Chassis

CFRP monocoque, CFRP bodyshape

Dry weight

999 kg

Power-to-weight-ratio

1.75 kg per hp

0 – 100 km/h

2,5 s

Vmax

more than 320 km/h
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1

Fine touch – Lamborghini mechanic
Carmine Napodano checks the
finish of the carbon-fiber outer skin.

2

Careful scrutiny – the purist interior
is also subject to one final test.

3

Final conclusion – before the Sesto
Elemento leaves the workshop,
Filippo Marocco and Carmine
Napodano check every single detail
one more time.

4

Chief Designer – Filippo Perini
heads up the Centro Stile
Lamborghini.

5

Technology boss – Maurizio
Reggiani is in charge of the Research
and Development function at
Lamborghini.

6

Lift delivery – the hand-built super
sports car leaves the Pre-Series
Center on a goods elevator.

Fine D-tail

Auto Union type D twin supercharger from 1939
		A milestone in automotive development, a unique example
of technical beauty and still hugely fascinating in all of its details
73 years on. With the 1939 Grand Prix race car, Audi has brought home an
important piece of history.

D

Bodyshell
Although created from purely functional
considerations, the shape of the Audi Union race
cars surely counts in its technical beauty as one
of the most elegant in automotive history.
One distinguishing feature of the 1939 version
is the air scoop on the engine cover. It was
panel beaten by hand in sheet aluminum to make
room for the two-stage compressor.
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Text
Hermann Reil

Recognition – Ulrich Baretzky
looks on the work of his predecessors with the very
greatest of respect.

In this car, you can see
in every part the enormous amount
of thought that went into it.
Ulrich Baretzky

Photos
Stefan Warter

It is with more than respect that Ulrich Ba
retzky faces this automobile. Amazement
and wonder are clearly evident – for a momentous design, for perfect
engineering, for a level of precision workmanship that would be
barely achievable today. The type D from 1939 upon which Baretzky
gazes, lost in thought, is one of very few largely original Auto Union
Grand Prix race cars – and a milestone in automotive history.
As Head of Race Engine Development at Audi, Ulrich
Baretzky has himself set quite a few motorsport milestones. The
most distinguished so far was to bring the TDI to Le Mans. The 25
years that the chief engine engineer has spent with Audi Sport have
been gilded by a total of eleven victories at the legendary 24-hour
race on La Sarthe, plus six titles in the DTM and a host of further
successes with sports prototypes, touring cars and GT sports cars.
Baretzky knows about the extremes called for in racing, about
going to the absolute limits of what is technically possible. He
knows that races can only be won with the highest power density,
but can be lost in the blink of an eye by a lack of reliability and durability. And so it is with all the more respect and admiration that
he looks upon the achievements of his predecessors in the 1930s
Auto Union racing team.
“This car was created more than 70 years ago. Yet its
constructors back then had exactly the same thinking as we do
today,” reckons Baretzky. “Because the logic of a race car is always
the same – getting the most out of every component and of the
material, maximum integration of functions, perfect setup of even
the tiniest details.” He goes on to add with a smile, “Even the conditions under which race cars are created have always been the same
– too little time, too little budget.”
Nevertheless – and this is the key difference – there were
no computers back then and no simulation models. Nor were there
load tests or materials analysis in the way that it exists today. Trialand-error and starting again from the beginning were the methods
of the day. “In this car,” sums up Baretzky, “you can see in every part
the enormous amount of thought that went into it, and just how
much creativity was involved in reaching what were often groundbreaking solutions.”
The Auto Union cars always stood out among the starting field of 1930s Grand Prix races. On the one hand, of course,
because they were usually right up front; but mainly because their
proportions were completely different from those of their competitors. At the front, where other race cars had their engines beneath long hoods, is where the Auto Union drivers sat. The engines,
mighty machines with 16 or twelve cylinders, were mounted just
in front of the rear axle. “It was an utterly momentous piece of de
sign,” says Baretzky. “The mid-engine layout of Formula cars hasn’t
changed to this very day.”
In the 1930s it took a constructor with the ingenuity
and renown of a certain Ferdinand Porsche – surely one of the most
important in the first century of the automobile – to actually implement this complete departure from the norm. It was he who developed the mid-engine construction for the Auto Union. Better
weight distribution, more traction on the rear axle, fuel tank in the
center of the vehicle – the idea was revolutionary, although its

1930s hi-tech – systematic lightweight
design in aluminum.
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Technical data

Auto Union type D

Engine

V12 mid engine

Displacement

2,990 cm³

Power

357 kW (485 hp) at 7,000 rpm

Top speed

340 km/h

Wheelbase

2,800 mm

Tank capacity

280 l

Length / width / height

4,200 / 1,660 / 1,060 mm

Supercharger

Scan the QR code and experience the fascinating performance
of the Auto Union race cars at Goodwood!

Forced induction via a Roots blower was part of
the technology package of the Audi Union’s
Grand Prix race cars. A new kind of two-stage
compressor was used in the final evolution
from 1939. Higher charge pressure took the
engine output from 420 to 485 hp.

Twelve-cylinder

Running gear

The regulations permitted a displacement of
three liters with forced induction. The aluminum
V12 had just three camshafts – a central
one for the intake valves and two outer ones for
the exhaust valves. Like the supercharger,
they were driven via vertical shafts.

The front trailing-arm suspension had a similar
construction to that of the Volkswagen front axle,
which was also designed by Ferdinand
Porsche. As of 1938, the rear setup included a
de Dion axle with torsion bar suspension.

Historic – the type D is one of the so-called
Karassik cars, which were built largely from original parts
preserved in the USSR.

translation into road handling was not always easy. The construction achieved its first success in 1936 with the type C – a V16 with a
six-liter displacement. Output rose to more than 500 hp and torque
even as high as 850 Nm – at only 2,500 rpm. The regulations permitted a curb weight up to a maximum of 750 kilograms, making
the resulting power-to-weight ratio utterly astonishing, even by
today’s standards.
The type D was created in line with completely new re
gulations for the 1938 season under the new leadership of Robert
Eberan von Eberhorst. Displacement was restricted to just three
liters, hence a twelve-cylinder. It was, of course, supercharged and
had an output of 420 hp. “Displacement was virtually halved, yet
the output remained almost the same – that was quite definitely
downsizing of the kind we do today, in both series-production cars
and racing prototypes,” says Baretzky. The first TDI engine, with
which Audi won Le Mans in 2006, had twelve cylinders and a displacement of 5.5 liters. However, the TDI in the Audi R18 that
claimed victory in 2011 and 2012 was a six-cylinder with a displacement of 3.7 liters – with almost the same output as its predecessor.
“So, you see the kind of leaps in performance that are possible even
today. This is sometimes mind-blowing, even for me.”
The type D was then revised for the 1939 season. Thanks
to twin supercharging, its output rose to 485 hp, taking its top speed
up to 330 km/h. The most distinctive detail in the Auto Union type
D from 1939 is the air scoop in the engine cover. It was panel-beaten in order to make room for the second compressor. That year saw
the Auto Union win both the French and the Yugoslavian Grand Prix.
When Tazio Nuvolari leapt from the car following his victory in
Belgrade on September 3rd 1939, however, it signaled the end for
the amazing racer. The war had begun. Following Germany’s collapse, the vehicles that had originated in Zwickau were brought to
the USSR as reparation – where all trace of them was lost.
In the late 1970s, wealthy American collector Paul Ka
rassik heard rumors that there was an Auto Union race car stashed
away deep in the heart of the Soviet Union and decided to go in
search of it. And successfully so, although it took a full ten years
for him to find the parts of two race cars in Russia and the Ukraine,
then to acquire them and undertake the considerable adventure of

Brakes
The brake drums are generously proportioned
and covered with perforated cooling ribs. Nevertheless, they were somewhat modest in their
effectiveness by modern standards. Disc brakes
were not introduced until the 1950s.

Wheels
The V12 sent 550 Newton meters of torque
via a five-speed transmission to the rear wheels.
It demanded a great deal of judgment on the
part of the driver to deliver this power to the road
without too much slip and without completely
over-challenging the narrow wheels.

The very best technology
available was used for these race
cars. And they turned
to aviation a lot back then.
Ulrich Baretzky
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Modern – instruments from aviation
offered the most important information to the
Auto Union pilots.

Monument – the two-stage supercharger with the
array of carburetors to the right.

Mechanical design – front trailing-arm
suspension with brake drums.

Workstation – gearstick for the
five-speed transmission, with the hot cooling
water pipes running beneath.

People will still
be admiring this car even
100 years from now.
Ulrich Baretzky

Formidable – the individual exhaust pipes
are extremely short, making the sound blasting
out of them even more incredible.

Powerful – the fuel pumps came
from aircraft design.

Auto Union type D
The elegance of its appearance provides a clear indication
of the mighty punch packed by this machine.
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sneaking them back into the West. Karassik entrusted the reconstruction to English firm Crosthwaite & Gardiner, probably the most
knowledgeable specialists worldwide in this particular field. The
available parts were used to build a type D with a single supercharg
er in the 1938 version and a 1939 with twin superchargers.
And it is this one that now stands in the photo studio
near Ingolstadt. AUDI AG bought the car this summer and thus now
owns three of five largely original Auto Union race cars. The second
Karassik car, the 1938, has been with Audi since 1998; and a hillclimb car with V16 spent many years in Riga before finding its way
to Ingolstadt. Over the years, Audi has also commissioned the construction of three replicas, primarily for driving at events.
Ulrich Baretzky reckons that the soft studio light fits
perfectly to the race car’s fine aluminum surface contours. “Alumi
num was the most innovative of materials back then. It was known
mainly from airplanes, which makes it all the more amazing how
expertly the Auto Union technicians were able to work with it, and
how consistently they stuck to the rules of lightweight design.” In
fact, a great deal of inspiration was drawn from aircraft design.
“The very best technology available was used for these race cars.
And they turned to aviation a lot back then – from the instruments
to the fuel pumps to the magnetos,” says Baretzky. And the fuel
pumps also had quite a task on their hands – the engines consumed
more than one liter of a sophisticated alcohol mix per kilometer.
The precision of the work carried out in the 1930s has,
for Baretzky, a value that is eternal, that reaches across the years.
“They were working then without computers, without CNC machine
tools. Much was made entirely by hand. I take my hat off to them.”
Furthermore, many of the materials available at the time were simply primitive from today’s perspective. Baretzky cites the very basic
engine oil of the time as an example. Its lubrication characteristics
were dramatically poorer than those of today, and able to operate
within just a very narrow temperature range. “The crankshafts had
to have roller bearings, because that is the technology with the
lowest friction. This crankshaft is built entirely from scratch. With
Hirth serrations and all the bearings, it surely consists of 500 parts
that had to be assembled and then fine-tuned.” Baretzky fast-forwards to the present. “These days, our crankshafts are machined
from a single piece of specialized steel using a CNC machine tool.
For optimum reverse-bending fatigue strength, it is heat treated
in 22 stages. There is only one single supplier for this worldwide.”
What is special about the ‘39 model is the sizable twostage supercharger mounted behind the engine. The two Roots
blowers in one casing – pre-compression and main compression –
run at different speeds, are driven by seven gears and the whole
thing is supplied with drive energy via a vertical shaft from the engine. “I don’t know any other such solution from this era. There was
two-stage supercharging in airplane engines, but nothing comparable,” says Baretzky, stressing the enormous development of expertise required at the time. “Don’t forget, the technicians who
worked on these cars when they were in their mid thirties were born
in 1900. They grew up with the horse and carriage and then had to
work on this kind of machinery. You can’t imagine taking that kind
of leap in this day and age.”
But perhaps there is a comparable development taking
place these days. People born in the 1970s or before grew up without the Internet and mobile communication – and will surely live
to see forms of a networked world that are currently beyond the
reaches of the imagination. But even when faced with this kind of
comparison, the engineer stays true to his combustion engines.
“Most of what comes from the virtual world disappears again without a trace,” he says with conviction. “People will still be admiring
this car even 100 years from now.”

Technical terms explained
Brief definitions of the terms used in this issue.

Glossary

ALZ
The Aluminum and Lightweight Design Center (ALZ)
at Audi in Neckarsulm serves the development, pro
duction planning and quality assurance of lightweight materials like aluminum and fiber-reinforced
plastics.
AMOLED Display
AMOLED technology is a further development of OLED
technology. In a display that functions using an active matrix (AMOLED), all the pixels are controlled
individually. AMOLED displays are already on the rise
in the cell phone sector.

Audi valvelift system (AVS)
The Audi valvelift system is a technology that switches
valve lift between two settings in accordance with
load and engine speed. Depending on the execution,
AVS serves to reduce throttling or scavenging losses.
In both cases, the system increases torque while sim
ultaneously reducing fuel consumption.
Carbon-fiber reinforced ceramics
Carbon-fiber reinforced ceramics are suitable for use
in disc brakes subject to high loads. The composite
material is lighter, has better heat dissipation prop
erties and a longer service life than steel. Plus, it is
also corrosion free.

Dual-Mode Hybrid Technology
Audi’s Dual-Mode Hybrid technology is an exception
ally efficient plug-in hybrid drive that combines a
three-cylinder TFSI with two electric motors. At city
speeds, the drive generally runs on electric power
alone. Above that, the TFSI engine starts to kick in,
before taking over most of the work at speeds of more
than 130 km/h. Power is sent to the wheels via a sin
gle-speed transmission.

MMI
MMI is the abbreviation for “Multi Media Interface”
and is an Audi term for a device that facilitates the
operation of all infotainment components in a single
display and control system, and the simple, quick
and intuitive use of a wide range of functions and
technologies.

Car-to-X-Communication
Car-to-X communication refers to a communications
technology whereby vehicles can communicate with
each other, with their owners and with the traffic
infrastructure via wireless networks. This benefits
fuel efficiency and safety and enables services such
as cash-free refueling.
New hybrid system – different operating modes
depending on driving conditions.

Apps
This or App is the abbreviation of “application”, which
is a small program for use in devices such as smartphones or tablet computers.

Fiber Reinforced Polymers (FRP)
Fiber reinforced polymers (FRP) are materials in
which fibers, such as carbon fibers, are embedded
into a polymer in several layers for reinforcement.

Audi e-diesel/Audi e-ethanol
One of the avenues being pursued by Audi in the development of CO₂-neutral fuels is that of cyanobacteria. Instead of using photosynthesis to produce new
cells, they generate synthetic ethanol (Audi e-ethanol) and synthetic diesel (Audi e-diesel). A demon
stration facility in New Mexico built in cooperation
with Joule Unlimited entered operation in September 2012.

Finite Element Analysis (FEM)
Finite-element analysis enables the structure of a
component to be examined on the computer to assess whether or not it meets the required physical
performance specifications. It allows potential trouble spots to be identified during the development
phase and thus avoided.

Networked – Audi Car-to-X systems are creating
completely new communication structures.
Cathodic Dip Coating (CDC)
Cathodic dip coating is an electrochemical process
for surface coating components in a dip bath. It is
used by Audi for corrosion protection.
CFRP
CFRP is the acronym for “carbon-fiber reinforced
polymer”, whereby carbon fibers are embedded into
a polymer in several layers for reinforcement.

Fuel of the future – Audi e-ethanol is being
created in the labs in New Mexico.
Audi Space Frame (ASF)
Audi Space Frame refers to an extremely stiff aluminum framework structure for the vehicle bodyshell.
The use of aluminum delivers a considerable weight
reduction that improves fuel economy and efficiency.
Audi is also making increasing use of other lightweight materials in bodyshell design.

Cyanobacteria
Cyanobacteria (also known as blue algae) are one of
the oldest lifeforms, having existed on earth for more
than 3.5 billion years. Audi is working on using their
photosynthesis capabilities for the production of syn
thetic fuels – Audi e-diesel and Audi e-ethanol.

Forged Composite
Forged Composite is an innovative lightweight material used by Automobili Lamborghini that consists
of short carbon fibers interwoven into an extremely
tight matrix. It has only a third of the density of titanium, yet is able to withstand high loads.
GRP
The acronym GRP refers to glass-fiber reinforced
plastic, commonly referred to as fiberglass. Audi is
promoting the application of GRP in many areas, in
cluding suspension coil springs.

cylinder-on-demand (COD)
Cylinder-on-demand technology is a further development of the Audi valvelift system. By closing the
valves, it switches off half of the cylinders under
partial load – two in the 1.4 TFSI, four in the 4.0 TFSI.
The engine continues to run smoothly, but uses less
fuel.

Multimaterial Space Frame
Audi is embarking on a new approach to ultra-lightweight design with the Multimaterial Space Frame,
whereby engineers combine different materials, such
as aluminum and CFRP, within a structural framework (space frame).
OLED Technology
The abbreviation OLED stands for “Organic Light
Emitting Diode”. It refers to a thin-film lighting element that, in contrast to conventional LEDs, contains an organic semi-conducting material. The material characteristics enable the construction of flat
and flexible lighting elements.

Piloted Driving
At Audi, piloted driving is the application of technologies that enable a vehicle to drive autonomously
without any input from the driver.

Cylinder-on-demand – the 1.4 TFSI shuts of
cylinders 2 and 3 under partial load.
Downsizing
In automotive engineering, downsizing refers to the
reduction in the displacement of an engine that, due
to efficiency-increasing measures, subsequently generates a level of power comparable to that of an
engine with greater displacement.

Encounter Technology

PTC auxiliary heater
Highly efficient TDI engines and electric motors produce so little waste heat that adequate interior heat
ing is possible only with auxiliary heating, such as that
generated by PTC elements (PTC = Positive Temperature Coefficient).
Singleframe grille
The term Singleframe grille refers to the distinctive
design of the radiator grille on Audi models that has
become such a powerful feature of the brand. The
design of the Singleframe grille differs depending
on the model family (Q, A and R models), with fine
differentiation also existing within the individual
model ranges.

Modular Infotainment Platform (MIB)
Known in German as the Modulare Infotainmentbaukasten, it transfers the platform principle to in-car
infotainment. Hard and software can be updated independently of the vehicle lifecycle, allowing them
to keep pace with the innovation cycles of the IT sector, which are often just a few months.

Spotlight – Audi A2 concept technology showcase
with light bands in OLED technology.

HMI (Human Machine Interface)
HMI refers to a user interface between man and machine – such as a keyboard, a touchscreen or gesturecontrol technologies, whereby the user no longer
makes contact with the equipment.
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MMX Board
The MMX board (MMX = Multi-Media eXtension) is an
easily exchangeable plug & play module integrated
into the central computer of the MMI. Equipped with
a graphic processor from Nvidia, it generates sophis
ticated 3D images and is active for all online, voice
control, media, navigation and phone functions.

Plug-In Hybrid (PHEV)
A plug-in hybrid is a vehicle with hybrid drive whereby
the battery can also be charged externally by plugging it into the electricity grid.

Characteristic – Singleframe grille
for a Q model (above) and an A model (below).
Tailored Blank
The term tailored blank refers to a bespoke piece of
sheet metal consisting of individual metal plates of
varying thickness and strength. The individual sections of the structural or bodyshell component are
thus perfectly ‘tailored’ to meet the respective local
load conditions.
Torque vectoring
Torque vectoring means the distribution of driving
force to the wheels. On many Audi models, this function is handled by the sport differential. In the R8
e-tron technology showcase, this is handled by the
two electric motors.
UMTS
UMTS is the acronym for Universal Mobile Telecom
munications System, a standard for the wireless
transmission of data.

On the test stand – one of the new GRP springs
developed by Audi.

210 kilograms – the ASF bodyshell of the Audi R8
is made entirely from aluminum.

LTE (Long Term Evolution)
The acronym LTE stands for Long Term Evolution and
refers to a new mobile communication standard that
transmits data five to six times faster than the current UMTS network. Transmission rates of up to 100
Mbit/s make data-intensive infotainment functions
like HD television or video conferencing possible
while on the move. Audi is aiming in the near future
to be the first provider to offer LTE in the car.

Extremely convenient – the Audi of the future
will park itself.
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Encounter Technology

WLAN
WLAN is the abbreviation for Wireless Local Area
Network, a localized network system that enables
computers and phones to access the Internet wirelessly.
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