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Simply send an e-mail with your address to:
subscription@audi-encounter.com

Editorial
Prof. Dr. Hubert Waltl
Board Member for Production and Logistics
at AUDI AG

If you ever want to travel from Puebla to San José Chiapa at eight
o’clock in the morning, you’ll discover what the word “unpredictable” means in Mexico; the 65-kilometer stretch between the district capital and our newest factory can seem very, very long. For
instance, when an accident once again blocks the main highway,
the heavy traffic comes to a standstill.
Luckily, the personal route assist feature in the new
Audi Q5 has second sight. If I so wish, this new software records
and analyses my routes. It knows my most frequent destinations
and when I usually have to be there – even if I haven’t switched on
the navigation system. Based on the traffic situation, the assistant
automatically suggests an alternative route via other major arteries.
Traffic jams are no longer an issue. Behind this new “searchless
search” (search and assistance without having to search myself) is
a programming innovation. Computers know what their users want
– just like a good butler. This is how artificial intelligence is giving
us back valuable time.
The product features that delight our customers also
enhance our production processes. The Smart Factory is gradually
becoming a reality. Innovations in production ensure that we remain at the forefront in future. This is the general theme running
through this issue of Encounter Magazine. Everything at the 16 lo
cations in our international production network revolves around
our customers; at first glance, their wishes appear to be as unpredictable as the traffic situation in Mexico. As a premium brand, our
aim is to respond quickly to rapidly changing customer requirements. They would like their car to be seamlessly integrated into
the digital environment, they want sustainable drive systems, new
solutions for mobility in the city – and all this custom-made in a
highly individualized product. This ultimately sets the pace in production, too.
This is the very reason why, in the coming years, we are
developing alternatives to the classic assembly line. Rather than
working in time with machines, there are now more intelligent ways
of doing things. It will soon be clear what this means at the
Lamborghini production facility. The modular factory of the future
is becoming a reality. Extremely flexible, it adapts the production
program to individual customer requirements on any given production day – as quickly as the route assist feature in the Audi Q5. In
this magazine, you will find out more about how this works, what
progress has been made and the next steps on our journey towards
the Smart Factory.

As far as the Audi Q5 is concerned, this is our first product for the global market that will not be produced in Europe.
Whether built in Ingolstadt, Győr or Mexico – “Made by Audi” is and
remains our quality claim, because our customers can rely on us to
deliver excellence worldwide. Innovations help us to achieve this
high standard throughout the entire production process. This
began at Audi México long before the first stone for the factory was
laid – just like the virtual assistant in the Audi Q5 analyses the route
to every possible destination even before I get up in the morning.
All the information on factory processes comes together
in the production control station at the new Q5 plant. It is the current benchmark in terms of digitalization and networking. With
the aid of Big Data, or rather “smart data”, we provide the right
information at the right time at the right place. Artificial intelligence at Audi therefore supports the human being, who will always
be at the heart of innovation – even in the Smart Factory. As a result,
creativity and passion for our brand can flourish, because employees
are liberated from the many constraints of everyday life.
The transformation, the fundamental change that we
as a company are facing, is not an end in itself. We employ 3D printing in the manufacture of metal parts in our Toolmaking division,
program tools so that they can learn by themselves and aim to use
drones in production. All of these smart technologies help us to
achieve our strategic goal of becoming a truly digital car brand.
And even if route assist sometimes cannot prevent me
from getting stuck in a traffic jam, this will soon no longer be a
problem: Thanks to piloted driving, which will gradually be introduced in our models from 2017, I might even be able to read the
paper in a tailback for an extra quarter of an hour in future – behind
the wheel. Because my next Audi will find its own way. That is inno
vation – in product and production.
I wish you an enjoyable read!

The Smart Factory is gradually becoming a reality.
Innovations in production ensure that we remain at the forefront in future.
Prof. Dr. Hubert Waltl
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ASSISTED
As light as a pair of sunglasses –
Specialist engine fitters
wear Google Glass units like this at the
Győr plant in Hungary.
→ Page 66

On the Holodeck
Data glasses can provide workers, planners and engineers with targeted
assistance in the Smart Factory of tomorrow. The Audi Production Lab is testing
such technologies for assisted reality, augmented reality and virtual reality.

PRINTING
Printing around corners –
3D printing enables the production of
geometries that would be difficult
or impossible to make with other technologies.
→ Page 58

3D Metal Printing Center
Audi is developing substantial expertise in 3D metal printing.
This technology uses a laser fed with CAD data
to melt metal powder, building up the desired part layer-by-layer.
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SENSITIVE
On the line without a guard fence –
The robot uses its measurement
probe to check the engine for possible leaks in
the fuel system.
→ Page 40

Human/robot cooperations
More and more robots are working directly with people on
Audi assembly lines. The Győr plant is already playing a pioneering
role within the Audi factory network.

PRECISION
Close contact –
At the end of the line, every new Audi Q5
goes through a painstaking inspection
process. The global “Made by Audi”
quality standard also applies here at the
new plant in Mexico.
→ Page 70

New plant in Mexico
The most modern plant in the Audi production network is in
San José Chiapa, Mexico. It employs the very latest technologies to produce
up to 150,000 new Audi Q5s every year.
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Modul ar
assembly
Modular assembly
replaces the production
line with a large
number of small production stations.

ThOUGHT
Factory

Text
Johannes Köbler

Illustrations
Formzwei

Smart Factory, Open Innovation, Big Data – what do
these buzzwords mean at Audi?
Alois Brandt, Head of Technology Development Innovations, outlines the bases
for the production of the future.
The most important of them is the courage to change.
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The production line is fast but rigid
At Audi’s Ingolstadt plant, a finished car leaves one of the lines roughly
every 30 seconds. The production line, introduced more
than 100 years ago, is still considered synonymous with efficiency.
Yet it is simply not fit to address future demands.

Linear
assembly
Too inefficient
in its rhythm, too
inflexible – the
production line is
reaching the
limits of its development.

LINEAR

F

Fabian
Rusitschk a
The former Audi man
is the brains
behind start-up
company arculus,
which is trialing
modular assembly.

3D metal
printing
Technology with major
potential but, as
it currently stands, still
uneconomical.

Freedom starts in the mind and innovation
is a matter of the heart. This is the principle
adhered to by Alois Brandt. He is one of the
central thinkers in the Production department. Brandt is the gathering point for all
the ideas and plans used by Audi in its preparations for the future. New requests and
creative concepts land on his desk every
single day; and there are always a few among
them with enormous potential.
One of these projects is modular
assembly, which Brandt’s former team
member Fabian Rusitschka is now driving
toward production (see page 22). The startup company called arculus that was established to take this forward is receiving heavy
support from Audi. “We got the fundamental go-ahead last year,” says Brandt. “And the
benefits of modular assembly are utterly
compelling, especially if you look at the overall concept from parts store to finished car.”

DTS
Driverless transport
systems form the
backbone of modular
assembly.

The roadmap in which Audi
wants to develop and implement modular
assembly has been drafted, but the details
are not yet finalized. What it does for sure
is enable new derivatives and variants to be
integrated into production extremely quickly. Brandt: “The topic also gets interesting
when you think about future micro-factories – production points for smaller volumes
that can be installed where there is particular demand. Say, for example, customers in
Thailand want more individual cars, we can
use this method to react really quickly.”
Will this new way of building
cars also influence the fundamentals of
their development? “A theoretical ideal
would be platforms that could accept a diverse assortment of drives – internal combustion engine, electric motor, battery and
fuel cell,” answers Brandt. “But you have to
look closely at what you really need and
what’s cost-effective to produce. It makes
very little sense to establish a huge toolkit
that then isn’t fully utilized.” This means
that production concepts will have an even
stronger influence on vehicle development
in future.
Alois Brandt is a level-headed in
dividual. He’s not impressed by trendy buzz
words and phrases. He determines what
truly benefits the company and in what way.
“Take 3D metal printing, for instance,” he
says. “We’ve looked very closely at this topic
and tested how we can print metal vehicle
parts in small volumes. But the technology
still has a long way to go for high volume.
For the Audi A4, for example, we would
have to install more than 1,000 of these big
printers and run them flat out, and the parts
would still be orders of magnitude more expensive than with today’s casting technology.” 3D printing is currently justifiable for
tool segments, various operational items
and short production runs. However, Audi
still has its sights set on the interesting potential for the future as this technology
continues to make rapid progress.

And what about Big Data? “The
expectation within the sector was to put all
production data in a supercomputer or the
cloud and thereby achieve huge efficiency
gains,” says Brandt. “This hype is over. Peo
ple are thinking more realistically again and
trying first to establish consistent data flow
throughout the entire company. We are developing a roadmap to see which areas benefit most from new data applications. And
then we’ll put the different elements together.”
But what does Big Data even
mean? One Audi definition is that Big Data
in the Smart Factory means the shift from
purely informative data to control data for
the intelligent optimization of production
processes. Alois Brandt elaborates on this
vision as follows: “I want to know the part
and build status of any particular car across
all plants and at all times. I want to be able
to immediately identify deviations and receive recommendations on what needs to
be adapted. The data chain should start in
Technical Development. We would then be
able to simulate at a very early stage, for
instance, how to put together a bodyshell
cell and send it through a dry oven in a way
that keeps all measurements firmly within
tolerance.” The equipment control circuit
can be virtually assembled and optimized in
the same way.

In Ingolstadt, it was the Audi
Production Lab – known for short as the
P-Lab – that first fleshed out the term Big
Data. Workers in the small but effective
think tank test new developments that
didn’t previously exist in the production environment, and help to progress interesting
ideas from the company. “The people working in the P-Lab are creative and inquisitive,”
says Brandt. “And the concept of Big Data
immediately established itself because
those driving it networked with one another
at a very early stage – at Audi and throughout the entire Volkswagen Group. They are
now absolute experts in their field and you
can still see their enthusiasm in their eyes.”

Enthusiasm, fast turnaround –
for Alois Brandt, these are key terms for
Audi’s future production: “What arculus
achieved with the modular assembly project in the space of five months would have
taken us three or four times as long in-house.
The room for maneuver in a start-up is simply far greater than within the company.
Decisions are made independently and
quickly, and the outcomes are energy, identification and passion.”

Only human beings
can correctly interpret the
multiplicity of complex
topics and develop creative
new solutions.
Alois Brandt

Data gl asses

DTS

Attractive tools
for many applications,
including virtual
meetings across
continents.

The central computer in
modular assembly
also controls the transport systems.

A company that wants to progress new and exciting ideas has to give its
people the freedom to act – and sometimes
to sweep existing ideas to one side and embark on something new. Brandt is convinced
and sees this freedom and the courage to
act growing at Audi: “We continue to try out
open-innovation approaches like the Audi
Production Award and the Smart Factory
Hackathon. There are teams within Produc
tion who are developing several disruptive
approaches in rapid succession, one of which
will then also be pursued. This is all going in
the right direction – but we also shouldn’t
light too many little fires at once. The real
challenge lies in identifying and implementing the strategically important topics.”
But where are developments in
car production headed? How will artificial
intelligence change the workforce? Will robots take over responsibility on the production lines and algorithms control of the offices? Alois Brandt knows the skeptical sce
narios, but is by nature an optimist. “The
human being in his totality can do everything better than even the most intelligent
animal and is also superior to robots,” he
says. “At the end of the day, only human beings can correctly interpret the multiplicity
of complex topics and develop creative new
solutions.”

The benefits
of modular assembly are
utterly compelling,
especially if you look at the
overall concept from
parts store to finished car.
Alois Brandt

Alois
Br andt

Modul ar
assembly

Brandt heads up
Technology Development
Innovations in
Audi Production.

DTS bring the
bodyshells and the
necessary materials
to the individual
production stations.

MODULAR
Modular assembly is fast and highly flexible
In modular assembly, the production line is replaced by a large number of small
production stations with driverless transport systems traveling between them.
The new principle improves production rates and facilitates more flexible and efficient
management of growing complexity and variant diversity.
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Lego
Professional
Innovation or tradition? Fun or serious?
For Prof. Dr. Hubert Waltl, Board Member for Production and Logistics
at AUDI AG, and Markus Wasmeier, world champion skier and
museum curator, these apparent contradictions are inseparable. We
talk to them about learning through play, the fundamentals of motivation
and parallels from the world of sport and corporate management.
Text
Claudia Rülke
Lisa Först
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The digitalization
of production is a
challenge. We have to
set the wheels in
motion now for the
transition to modular
assembly.

Herr Wasmeier, you just joined Dr. Waltl
to take a look at Audi Production and all its robots.
What impressed you?
Wasmeier: What fascinates me most is the precision of
these machines. To make all the parts fit together in the
end means working down to tenths and even hundredths
of a millimeter. It’s not like that on our farm (laughs).
Dr. Waltl: It makes me proud every day to see the dynamics function so perfectly. When I walk through here,
though, I always think on how we could make the process even better. And what the future will look like.

Prof. Dr. Hubert Waltl

With the onset of digitalization, you are responsible for the greatest step into the future in
Audi’s production history. Doesn’t that scare you?
Dr. Waltl: No. I see it as a challenge. With our current
level of knowledge, the rhythmic production line invented by Henry Ford cannot survive. We therefore have
to set the wheels in motion now for the transition to
modular assembly. We’ve already started an initial project with separate production stations in the Audi R8
production workshop in Böllinger Höfen, and the team
loves it.
Markus Wasmeier is transferring entire buildings
for his open-air museum and calls it
“Lego for grown-ups”. What’s your favorite toy?
What can we learn in the digital age from traditional
country life?

Dr. Waltl: The modular factory, of course (laughs).
Wasmeier: That’s advanced Lego – more like Meccano
(laughs).

Wasmeier: It’s the simple things that are the most fascinating. We often do too much – blow things out of
proportion. The simple way is often more effective. Less
is more.

Dr. Waltl: As a child, I really did love playing with Lego,
Meccano and Trix. It inspires me to this day. For instance, when I was thinking about how we can be the
first in the world to modularize our factories.

Dr. Waltl: We mustn’t lose the ability to recognize that.
It’s important for us to make processes efficient and to
reduce complexity within the company.

And your childhood toys helped you with that?

1

Dr. Waltl: Yes! I asked myself: How can you convince a
foreman with thirty years experience, a top specialist
in toolmaking, that production can be done totally differently? I had my assistant buy ten sets of Lego and
invited my foremen to breakfast one Saturday morning.
I said to them, “Listen, you’re going to have some
weißwurst and then each of you is going to build a different Lego car.” We then timed how long each of them
needed for his car.

1
Contrast –
The perfection and
precision of Audi
Production impresses
double Olympic
champion turned
museum curator
Markus Wasmeier.

And?
Dr. Waltl: Far too long. So we took the cars apart again
and divided them into two groups, i.e. two production
lines in which the first built the platform, the second
the body and so on. And suddenly, we had built the
same number of different Lego cars in half the time. It
was a total aha moment. And it’s now become a fixed
feature of our production system.
So you use Lego to train your employees for
modularization?
Dr. Waltl: Exactly, because learning through play is important. Particularly in the case of digital change, we’re
seeking to enthuse experienced employees for the opportunities presented by new technologies, Big Data
and smart robots.
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Information –
Audi Board Member
for Production
and Logistics Prof. Dr.
Hubert Waltl takes
Markus Wasmeier on a
tour of the Ingolstadt
plant, accompanied
by Hubert Hartmann
and Martin Weritz from
Audi A3/Q2 Bodyshell
Manufacturing.

It is often said that data is the oil of the future.
Mr. Wasmeier, will figures and data soon
be more important than the gut feel of the trainer?
Wasmeier: No, they have to complement one another.
Especially in skiing, there’s a need for close cooperation
between athletes and engineers. Important findings
can be drawn from data, but every person is different.
However, the analysis of data is obviously becoming in
creasingly important for the further development of
methods and materials.
On the one hand, you’ve introduced innovations like
the camera ski run, while on the other, you want
to preserve cultural heritage with your outdoor farm
museum. What are you seeking to achieve?
Wasmeier: You could classify it as research work. No
craftsman today can say how people worked a hundred
years ago. They cut a five-meter tree into timber in the
space of just a few hours – using only an axe. You can
only find out how that works if you try it for yourself.

2
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Have you ever been to the Markus Wasmeier
Outdoor Museum?
Dr. Waltl: Yes, I was so taken by it that I took out a membership right away. There are so many things there that
we’ve long forgotten – especially from childhood. An
other thing we concern ourselves about as a company
is tradition – the values of Audi. Only when we know
where we came from can we define the way forward into
the future.
You come from a toolmaking background, where
you worked with your hands. Do you miss that as a
board member?
Dr. Waltl: In my spare time, I like to work in the garden
or sometimes in my basement workshop. At work, I’m
fortunate enough to be able to plan and build factories.
If you’ve been involved in the decision-making from the
start and then see the cars on the line, you feel a sense
of pride. You know what the challenges were that we
faced with each car. And we solved them.

3
Future –
Prof. Dr. Hubert Waltl
is preparing for the
transition from the
traditional production
line to highly individual
modular production.
4
History –
Double Olympic
champion Markus
Wasmeier built his “Old
Bavarian Village” at
Lake Schlier in Upper
Bavaria, where he
presents early country
life with buildings
dismantled from
the surrounding area
and rebuilt here.

Dr. Waltl: The natural way that young people work with
new media. When we were kids, if we betted on how tall
the Eiffel Tower is, we had to go home first and look up
an encyclopedia. Nowadays, everybody can check it right
away on the internet. Young people are extremely fast
at generating knowledge and networking. And that
impresses me.

After a poor season, nobody expected you to achieve
much in Lillehammer in 1994 – and suddenly you
were the Olympic champion. How did you manage
that?
Wasmeier: My focus for that season was only on the
Olympics. It was clear to me that if I managed a faultless run, I would take gold. When I noticed that my
racing skis were winning skis, I stopped using them to
save them for the Olympics. I ran the last races of the
season with a spare set of skis – so badly that it left everyone wondering. But it worked …

Markus Wasmeier

Mr. Wasmeier, your hobby of transferring buildings
has now become an open-air museum with 75
employees. Do you tap into your experience in sport
to keep your team motivated?

4

Wasmeier: As an individual athlete that didn’t come
naturally to me. But I was always the first there in the
morning and the last to leave in the evening – and, most
importantly, the dirtiest. For motivation and team leadership, you have to stand at the front and lead by example.

Wasmeier: Defeats are the signposts to your future.
First, they make you so creative that you suddenly find
totally different way. One that would never have occurred to you before. If you were always on top, you
would hardly be able to make any progress at all. That’s
how it is in the sporting world, and in corporate life, too.

Image source: wasmedia.de

Dr. Waltl: Of course. You put all your energy into building a plant like the one in Mexico. You spend a lot of
time there planning and optimizing. When you then
press the button and car production begins – that moment is indescribable.
Where do you find your energy?

Dr. Waltl, as a board member, you also have to deal
with highs and lows. How do you motivate yourself
when things are down?
Dr. Waltl: My grandmother had a plate on the wall that
said: “When you think you’ve lost all sight, from somewhere appears a little light.” And that remains so today.
Every problem has a solution. You can’t resign yourself,
because ups and downs are part of the process.

Dr. Waltl: That’s very important. You can’t demand
from anyone, something you wouldn’t do yourself.

Was that the case with the latest plant in Mexico?

Dr. Waltl: When I go skiing or hill walking, I’m in a completely different world. After a bike ride, a walk in the
woods or a ski tour, I come home on a Sunday evening
refueled with energy and new ideas.

It’s the simple things about
historical country life that
are the most fascinating. Nowadays, we often do too much.

What can you learn from the younger generation
at Audi?

To the point

3

You draw your power from nature. How
important to you is the topic of sustainability in
production?

Describe yourself in three words.
Dr. Waltl: Short, ambitious, sometimes mischievous.
Wasmeier: Ambitious, eternal optimist, spontaneous.

Dr. Waltl: Next to productivity, sustainability is the core
issue for us. Our task is to build cars while conserving
resources. We invest millions in reducing energy consumption and the production of waste. The best examples of that are the new Paint Shops in Ingolstadt
and Mexico. They consume significantly less water.

You’re both passionate skiers. Do you prefer piste or freeride?
Dr. Waltl: Both. I love ski touring, but I also like to ski on
untouched pistes early in the year.
Wasmeier: I don’t mind, as long as there’s snow!
Who is your personal role model?
Dr. Waltl: There are some people I admire, such as
Prof. Dr. Reimund Neugebauer, the President of the Fraunhofer Society.
And I also admire Markus and the vision he’s realized.
Wasmeier: I admire anyone who swims against the current
and goes their own way – facing up to obstacles and all those who
badmouth their vision.

You grew up without the internet and are now
responsible for the digital transition of Audi
Production. Who helps you in matters relating to
digitalization?
Dr. Waltl: I want to keep learning and am always looking at what I can glean for production from current
trends. I took a look at the IT scene in Tel Aviv, for instance, have been to Silicon Valley, go to colleges and
am a Senator in the Fraunhofer Institute. But there are
also totally banal things that I have to ask my assistants
or secretary how to do (laughs).

Your life’s motto?
Wasmeier: You always meet twice in life. And every day is a gift.
Dr. Waltl: Every problem has a solution. And it’s also a
kind of motto for life that good health is a person’s greatest asset.
Dr. Waltl, if you could take a person of your choosing –
from the present day or the past – on a tour of Audi Production,
who would it be?
Dr. Waltl: Henry Ford. I would love to hear what he,
who had such a huge impact on the automotive industry, had to say
about our production line.
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START
ME
UP

The demo work
going on in the former
textile factory is
limited to four modular
assembly stations.
A subsequent complete
vehicle assembly
setup would have
around 200 of them.

200
Stations

Text
Johannes Köbler
Photos
Stefan Warter

60/240
Seconds

Modular assembly
doesn’t have a fixed
running interval. The
duration of the
process steps is based
on content, and is
between one and four
minutes.

Test bed –
In a hall away from
the factory site, Audi is
working on the
principles of modular
assembly.

The Module
Audi is working on its vision for the post-production-line era and is
developing a totally new principle, modular assembly.
The company wants to use this approach to master growing complexity and
diversity with greater flexibility and efficiency.
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A
Anybody who likes the special charm exuded by a loft will absolutely love this large, 100-year-old hall. The walls are whitewashed,
windows all the way to the floor on three sides let the light flood in
and mighty pillars support the roof. Here in a former textile facility
in the north of Ingolstadt is where a small start-up is working with
assistance from Audi on the fundamentals for modular assembly:
the brand with the four rings is working on its vision for the postproduction-line era and is developing a new, intelligent and highly
flexible concept.
Henry Ford’s idea of building cars in a rigid, sequential
order is more than 100 years old and still the driving force behind
mass production. At Audi’s Ingolstadt plant – Europe’s secondlargest car factory – a car leaves one of the lines every 30 seconds,
be it an A3 or Q2, an A4 or A5. The production line is synonymous
with efficient production. Fabian Rusitschka explains: “For decades, it was the best solution. But this now has to be rethought.”

The principle of modular assembly is highly
dynamic in terms of time and space. Our
controller has to think like a chess player
– always several moves ahead.
Fabian Rusitschka
arculus Managing Partner

2

employees

Most of the
stations in the modular
assembly setup are
manned by only one or
two people working
in a continuous rhythm.

Good ergonomics –
The large transport systems that move the
bodyshells around adapt their height to
the respective process step.

20
PLUS X

Taking into account the
overall system, Audi
anticipates modular assembly to deliver
productivity benefits of
at least 20 percent.

Flowing traffic –
Smaller DTS bring the necessary parts
to the stations.

24

Encounter Smart Factory

25

Encounter Smart Factory

Rusitschka is one of the three managing partners and
the brains behind start-up company arculus, which has established
itself in this old textile factory. Until March 2016, the graduate
mechanical engineer worked in Technology Development Inno
vations for Audi Production, most recently on the “Assembly of the
Future” project. Then he made the move into self-employment –
with enthusiastic support from his boss Alois Brandt and Audi’s
Board Member for Production and Logistics Prof. Dr. Hubert Waltl.
“We had originally sought a provider for our project to
develop and build the equipment and their central control systems
together,” says Rusitschka. “But we couldn’t find anyone able to do
it, which is why we decided to do it ourselves and establish arculus
– Audi’s first venture in this particular field.”

The clocks tick much faster in the small start-up than
in the big company. The team consists of just seven young em
ployees – specialists in software and robotics from Rusitschka’s
personal network. “The lean structure and the freedom of decisionmaking mean we are extremely efficient,” says Rusitschka. Alois
Brandt elaborates: “The folks at arculus are passionate about their
topic and are hugely motivated. And we offer them a good interface
to AUDI AG with selected experts who know all the demands of
complex production and handle the decision-making.”
And what’s now so old-fashioned about the production
line that Audi wants to get rid of it? Rusitschka reflects for quite
some time before launching into a list: “Recent years have seen
immense growth in production diversity. And that’s only going to
get even faster, driven by customer demand, global market differentiation and new driveline technologies. It’s becoming increasingly difficult to manage this complexity within a rigid sequential
process and to integrate new processes on an ongoing basis. As
things stand, major changes mean the whole assembly line has to
be stopped, which costs a lot of time and money.”
In Ingolstadt, the lines run at a fixed interval of around
90 seconds, meaning the line runs idle in many places, such as the
installation of stationary heating, which only some cars have. “The
more diverse the equipment being put into the cars and the more
heterogeneous the model mix on the line, the more these losses

THE LEAN STRUCTURE
AND FREEDOM IN
OUR DECISION-MAKING
MEANS WE ARE
HIGHLY EFFICIENT.
Lean process –
The conventional part-picking system will
be made superfluous by the computer-controlled
DTS fleet.

Fabian Rusitschka
arculus Managing Partner

add up,” explains Rusitschka. “One example is the Audi A3 Sportback
e-tron. Here at the plant, it runs through a so-called meander, were
it’s fitted with a large proportion of its dedicated electrical content.
While this is happening, its siblings run an extra lap of the suspended line. What this does is extend the time to completion for
all the cars on the line.”
Modular assembly solves these problems and is a radically new, disruptive concept. “We’re getting rid of the fixed-rhythm
production line and breaking it up into its individual process steps,”
explains Rusitschka. “Today, the A3/Q2 line has around 160 process
steps. In modular assembly, we’re turning that into roughly 200
spatially distinct stations manned by one or two people. The processes at each one are very different in terms of timing, taking may
be 60 or even 240 seconds. And they’re flexible – installing the door
seals in a two-door coupe takes just half the time needed for a
sedan. The fitters work in a continuous rhythm. And they no longer
move with the line, meaning they don’t have to walk back again.”
Inside the big hall with the high windows, the arculus
team is currently building a principle demonstrator with four work
stations. Three painted bodies-in-white stand on driverless transport systems (DTS). “The DTS are the backbone of modular assembly,” explains Rusitschka (see page 28). “There will be two fleets
– one handles transportation of the bodyshells between the stations, while the other delivers all the parts, from fasteners to the
sliding roof.”

A central computer uses a radio network to locate and
control the DTS with centimeter precision. It is the mastermind of
modular assembly. It knows the production status at all times and
in every detail. It knows the build status of the individual cars,
which stations need what parts when, and how they receive them.
And its decision-making is highly flexible. For instance, if a certain
DTS approaches a station that is still occupied by a vehicle, it is
diverted to another, free station. For the customer, it is completely irrelevant whether the cladding for the luggage compartment is
fitted first or the door seals.
Fabian Rusitschka explains: “The principle of modular
assembly is highly dynamic in terms of time and space, with the
route network subject to constant change. Our controller has to
think like a chess player – always several moves ahead.” The socalled supermarkets that currently serve for picking the parts are
incorporated into the assembly area, thus dispensing with the need
for picking and transporting the parts to their assembly location.
Audi is working hard to introduce modular assembly
into series production. Wolfgang Kern, who is Audi’s interface to the
start-up and responsible for modular assembly, deals with all aspects of this radical change. “If you include the Logistics function,
modular assembly uses less space than today’s production-line as
sembly, although it occupies more space in Production,” says Kern.
Taking the overall system into account, Audi expects
modular assembly to deliver productivity benefits of around 20
percent plus x. And the “x” will increase as the diversity of model
variants continues to grow. “For example, we set up special stations
for an RS model,” says Wolfgang Kern. “And we keep using them
on a daily basis until the cars are finished, after which we run them
back down again. And if a new derivative like an e-tron model comes
along, we can build or convert its individual stations within the
ongoing operations.”
The concept of modular assembly sounds logical and
plausible, and the demonstrator in the hall shows how it works in
principle. There is already a roadmap for the introduction of modular assembly. But how difficult will it be for Audi to implement?
Project mastermind Rusitschka smiles and says: “As a start-up,
we’re very much at the beginning of this process. But we’ve already
learned one thing: The real challenge lies is making complicated
things simple.”

E

TRON

RS

MODels
If a new derivative,
such as an e-tron
model, is added to the
lineup, it is easily
incorporated into the
modular assembly
process.

Audi can establish a
separate modular
assembly station for an
RS model, which
would be used only for
the period required.

Flexibility –
In modular assembly, all processes are subject
to ongoing change and optimization.
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A
		

Front emergency stop button,
another is at the rear

B
		
		

Upward-facing laser scanner
identifies objects hanging from
the ceiling

C
		
		
		

Touch display,
controls functions like
start, pause and stop
and shows the vehicle status

D
		
		

Front laser scanner,
certified for the protection
of people, range 49 meters

E
		
		

Foot switch,
enables command
input by workers

F
		
		

Deployable pick-up
cylinder for accepting a
workpiece carrier

G
		

Horn and speaker
for speech output

H
		

Control unit for autonomous
navigation software

I
		
		
		

Circumferential floor-level LED strip, 		
266 separately controllable
LEDs for functions like indicating and
showing battery status

J
		
		

Battery, power
socket / sliding contact
for automatic charging

K

Rear laser scanner
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Audi is working hard on the driverless
transport systems of the future. Known as DTS, they will
form the backbone of modular assembly.
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The so-called “Vorsteuerstrecke” is a very popular area
of A3/Q2 assembly at the Ingolstadt plant. This is
where the compact Audi models are fitted with their
fuel lines and transmission mounts. A host of trailers
and containers stand by the aisle, as electric towing
vehicles run back and forth. And every now and then an
employee crosses over, bringing a panoramic roof to its
assembly station using a handling device suspended
from the ceiling.
A traffic situation in the main factory could
hardly be any more challenging than this – which is why
Thomas Pauleser selected the “Vorsteuerstrecke” as the
test bed for the new driverless transport system (DTS).
Pauleser works in Technology Development Production
Assistance Systems, a small but effective team running
a technical centre off the main factory site.
The DTS prototypes running around in A3/
Q2 assembly bear the acronym Audi AGV (automated
guided vehicle) and bring the necessary parts autonomously from the store to the line. “We conceived the
vehicles and their navigation software 100 percent inhouse,” explains Pauleser. “The project took two years
and was a joint effort with colleagues from Toolmaking,
Design, Model Making and Material Flow Planning. We
used software and software development processes
from the automotive sector. Our Audi AGVs have their
own sensors, which they use to identify and resolve
complicated traffic situations.”

The laser scanners emit ultra-short flashes
of light, invisible to the human eye. They use the reflections to generate data on their surroundings, which the
computer then compares with the stored map data. A
parallel comparison with the turns of the wheels makes
localization even more exact. When an Audi AGV is sent
to pick up a workpiece trailer and tow it to the line, it
approaches it in two steps – one rough and one fine align
ment – with millimeter precision, even if the trailer is not
standing in exactly the correct position. Parking over the
loading plate is done with the same degree of precision.
“The Audi AGVs drive very carefully,” explains Thomas Pauleser. “Speed is currently restricted
to around four kilometers per hour. If a worker or tow
truck is using the same aisle, we always give them right
of way. The AGV decelerates gently and energy effi
ciently. The algorithms we used for calculating that are
similar to those used by our coworkers in Technical
Development for the adaptive cruise control (ACC) in
our cars.”

FTS

Driverless Transport Systems
are, for us, a core
technology of the Smart
Factory. Their flexible
navigation is a decisive element
for the flexible production
of the future.
Thomas Pauleser
Technology development production assistance systems

1
Add-on –
As well as “Paula”,
Pauleser’s team has
also developed a
second vehicle. Its control technology has
been conceived from
scratch and is based on
laser tracking.

→ AGV

Our Audi AGVs have their own sensors,
which they use to identify
and resolve complicated traffic situations.

1

The Audi AGVs, known for short in developer jargon as “Paula”, move around on a defined route
section devised on the computer. Alternatively, they
can learn and store a route driven manually. Based on a
map, they then move freely within their corridor, constantly seeking the best path.
“Paula” is equipped with three laser scanners – two at the front and one at the rear. Two of them
are specifically certified for the protection of people;
they have an included angle of 190 degrees and a range
of 49 meters. Mounted at a height of 17.5 centimeters,
they scan the hall and identify fixed objects, such as
racking, and moving obstacles, such as people or forklifts. The third scanner measures upward at an angle of
17 degrees, monitoring the space up to the ceiling. A
touch display, signals and speech output – the latter
employing the text-to-speech principle – enable communication with the surrounding area.
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2
Paula on tour –
The AGV has picked up
a workpiece carrier
and is driving it to the
assembly station.

Thomas Pauleser
Technology development production assistance systems

2

The development of the Audi AGV has now
reached the third prototype stage and is very close to
series production. The technology offers huge potential,
as Thomas Pauleser says: “If we network the navigation
data and the environmental information of several individual vehicles with an overarching fleet manager,
what we have is an intelligent overall system – a selfcontrolling organism. That’s swarm intelligence at work
in Audi’s smart production.”
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3
The stator
is bandaged –
A machine sews a net of
thread around the
so-called end windings.

4

Energy Transition

High-voltage testing –
The electrical properties of the stator
are measured under
specifically defined
excess voltage.

2018 will see Audi bring its first electric-drive SUV to market.
Production of its electric motor is currently being tested
at the Győr plant in Hungary – substantial parts of it already to
the innovative principle of modular assembly.

On-site meeting at Audi Hungaria Mo
tor Kft. in Győr. Inside the world’s largest
engine factory, work is progressing on electric motors for Audi’s electric-drive SUV (see
page 36). On the edge of the huge hall where
the internal combustion engines are produced, there now stands a dedicated technology center for the development of a possible future production process.
“This is where Audi is developing
the necessary expertise in a cooperation bet
ween Production Planning Engine / Chassis,
the Engine Run-in Center (MAC) and Devel
opment,” explains Thomas Kretz, Head of
MAC. “At the technology center, we’re testing out various production technologies for
the electr ic drive and building the drives for

1
This is where stator
production starts –
The copper wire
is delivered in large
containers.

2

→

One of the
first process steps –
A worker uses a
winding machine
to put the copper wire
onto coils.

The starting material –
Production of the
electric motor begins
with the coils
of copper wire.

32

Encounter Smart Factory

33

Encounter Smart Factory

the development stage. In designing it, we
focused on configuring all the process steps
as they would be in a future production scenario.” Lórant Székely, Project Manager Pro
duction, says: “The technology center is the
seed corn for subsequent series production.
This is where we are qualifying experienced
workers in the specifics of manufacturing
electric motors.”
Dr. Jari Hyvönen, Head of Pro
duction Planning Electric Motors from Ingol
stadt, explains the concept: “Electric motor
production consists of two areas with very
different configurations. We’ll produce the
stator – the non-moving outer part – using
a classic production line. When it comes to
putting the motor together, we’re already
working to the new principle of modular assembly, where we’re using automatic as
well as highly flexible manual stations.”
At the start of stator production
is copper wire. A worker uses a winding machine to put copper wire onto the coils that
will later generate the rotating field in the
stator. Right now, the stator is no more
than a ring of thin sheet metal. A machine
pulls the wire into its grooves, which are
already clad in an insulating layer of plasticreinforced paper. In a series of several steps,
the cables are aligned, formed, bandaged
around the end winding and, finally, contacted.

The new concept needs only 19
island stations. Some of them – such as the
multi-phase leakage test station – are used
several times within the build process. The
motors and their parts are brought to the
respective stations using driverless transport systems (DTS), which orientate themselves using laser scanners and reflectors in
the hall. The vehicles are a bit like shopping
carts – e.g. when they fetch a workpiece carrier from Logistics that’s already loaded with
the rotor, motor casing and end plate. The
DTS docks with millimeter precision at the
assembly station and transfers its load via
a conveyor belt. It then drives back to Lo
gistics and fetches the transmission for the
next assembly step, likewise on a workpiece
carrier.
Control of production flow is
handled by the Production Control System
(PCS), the “heart of the system”, as Piszczek
calls it. “The PCS decides the order in which
the motors are built and generates a parts
issue program. It distributes driving orders
to the DTS and manages their routes. It
knows the ID numbers of the parts, the
workpiece carriers and the DTS and runs a
continual comparison, giving it a complete
picture of any given situation.”

5
Impregnating
the stator –
In an immersion
process, the hot,
low-viscosity epoxy
flows into all
parts of the stator.

6
Final motor
assembly –
The electric motor
comprises core
components like stator,
transmission
gear set and power
electronics.

→

The next station is the high-voltage test, where the component is subjected
to a high level of overvoltage. Then comes
the impregnation of the stator in a bath
of hot, low-viscosity epoxy; it improves
strength and heat dissipation, as explained
by assembly specialist Dr. Jörg Schmidt.
Assembly begins with a big station, where the stator is installed in the casing. In further stages, the electric motor is
completed with parts like the rotor, power
electronics and transmission gearing. “Fi
nally we test all the motors on a dedicated
test rig,” reports Zsolt Falvi, Head of the
Production Technology Center. “Each unit
completes a 20-minute run, including highload phase as well as acoustic and vibration
measurements. Then it’s ready for use – just
like our coworkers, who have built up their
electrical expertise step-by-step.”

“We use a fixed build sequence
in our modular assembly,” explains Dr.
Hyvönen, “but it permits deviations and
room for maneuver. This enables us to build
higher volumes and quickly implement new
build levels and variants without negatively
impacting ongoing production. At a later
stage, we’ll also be able to increase our production depth. Overall, our electric motors
are made up of significantly fewer parts
than an internal combustion engine.”
Peter Kössler, General Manager
of Audi Hungaria, sees the interim status as
highly encouraging: “We’ve systematically
built up our electrical expertise here in Győr
over the last few years. Development, Pro
duction Planning Engines / Chassis and Pro
duction in Ingolstadt and Győr have worked
hand-in-hand to achieve this. We’re very
proud in Győr to be the Audi Technology
Center for Electric Drives.”

“In our initial planning, we had
envisaged sequential assembly,” says Dr.
Schmidt. “However, the line rate was not
ideal and it was based on 29 stations that
would not have been used to full capacity.
Another disadvantage was that it occupied
more space and involved longer routes to
the parts supermarket.” The team therefore
opted for modular assembly – the first implementation of the new principle within
the Group. “People always like to laugh at
visions,” says Pascal Piszczeck, a specialist
in IT control within Production Planning.
“But we took this major step, well aware
that we might occasionally stumble along
the way.”

→
The transmission –
The planetary gear
set provides the
transmission ratio between motor
and vehicle drive.

Meeting in the technology center –
(l. to r.) Dr. Jörg Schmidt, Pascal Piszczek and Dr. Jari Hyvönen
with a motor end plate.

When it comes to putting the motor together, we’re
already adhering to the new principle of
modular assembly, where we’re using automatic as
well as highly flexible manual stations.
Dr. Jari Hyvönen, Head of Production Planning Electric Motors
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E-Factory
E-Factory

The Brussels plant is where we want to build
our first electric car. It’s the first
of its kind and is without question playing a
pilot role for the whole Group.
Prof. Dr. Hubert Waltl
Audi Board Member for Production and Logistics

A
C

D

E

F

B

2018 marks the start of production of the electric-drive
Audi SUV at the Brussels plant. Planning work is progressing at full speed. Electric motors instead of internal
combustion engines, batteries instead of fuel tanks –
what will the production process look like?
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Paint Shop
Bodyshell Manufacturing North
Sequencer
Bodyshell Manufacturing South (new)
Assembly Hall F
Assembly Hall G

Encounter Smart Factory

Virtual flyover –
Jan Maris, Head of Production at the Brussels plant,
Audi Board Member for Production and Logistics Prof. Dr. Hubert Waltl
and Bertram Günter, Project Manager Production
C-BEV, use the Powerwall to take an overview of the plant
in the Belgian capital.

Dr. Christian Allmann, a battery specialist
in Günter’s team explains: “One of the new aspects of
the electric SUV is the full integration of the battery
into the load-bearing structure of the vehicle floorpan.
This means an extremely high degree of safety in the
design, and a level of precision in battery assembly with
which we’re setting new benchmarks.” His colleague
Markus Flucke continues: “We had to develop a whole
series of new production technologies, all the way to
automatic setting of the cell module into its mounts.”
The battery casing is made in a dedicated
production facility, with the subsequent assembly
being largely automated. Once the contacts have been
established, direct human interaction is out of the
question – it has 400 volts running through it. All employees at the plant receive training in working with
high-voltage technology – from the base level of “sensitization” to the top level of “responsible electrical
specialist”.

A

B

Power source –
The four-part building
houses battery system assembly as well
as other functions.

A Assembly
Battery system
B Logistics area
(Automotive Park)

E-Tron
We’re taking on a completely new job here.
We’re developing the Brussels
plant into a competence center for electric
mobility within the Audi Group.
Bertram Günter
Project Manager Production C-BEV
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Bodyshell Manufact
uring hall –
This is where the car’s
platform and body
are built, along with
the battery casing.

4
1

2

3

Prof. Dr. Hubert Waltl
Audi Board Member for Production and Logistics

The battery system is then transported to
the so-called chassis pre-assembly area, which is on the
ground floor of the assembly hall. The first major component to be positioned on the workpiece carrier is the
front axle, which is already connected with the front
motor, transmission and power electronics. Locating
pins ensure the assembly is positioned with millimeter
accuracy. The next step is to lay the high-voltage cables
and the connectors for the coolant lines, followed finally by assembly of the rear axle, complete with the
other motors.
When the technology and drive unit is finished, it travels to the hall’s upper level for the marriage
in line section three, which runs fully automatically. As
final assembly continues, the electric-drive SUV receives its charging unit and connectors, and data is uploaded to the control units and learnt. On the driving-in
test rig, the car is subjected to an extensive program
that mimics all the main driving situations it will face
in subsequent operation – from battery charging to
coasting to full load at high speed. Finally, it heads out
onto the factory’s track for a “road test”.
Before production of the new SUV ramps up
in Brussels – parallel to the run-down of the Audi A1,
the successor to which will be built in Martorell, Spain
– static reinforcement is required to the upper level,
along with step-by-step restructuring of the assembly
line. The old line is giving way to a combination of an
electrically driven suspended track and height-adjustable push-skids, split into a little more than 150 workstations. “Historically, the workforce in Brussels has a
lot of experience with new starts,” says Project Manager
Bertram Günter. “The new SUV is a huge opportunity
for the plant. The aim is to set new standards.”

E-Factory
The new SUV is a huge opportunity
for the plant to raise its profile even further.
We want to set new standards.

The Audi e-tron quattro concept in detail
1
2
3
4
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Automotive Park –
Southwest view of
the building for
battery assembly
and logistics.

Illustrations: Audi DFM-Team

Being the best doesn’t always mean being the first. But
it certainly always means giving your best. 2018 will
see Audi commence production in Brussels of its first
all-electric-drive SUV. Bertram Günter, Project Manager
Production, explains: “We’re taking on a completely
new job here. We’re developing the Brussels plant into
a competence center for electric mobility within the
Audi Group.”
The vital statistics of the sporty electric SUV
based on the Audi e-tron quattro concept study presented at the 2015 Frankfurt Motor Show make impressive reading – a range of more than 500 kilometers,
powerful electric motors at the front and rear axles,
rapid DC charging. The C-BEV, as it is also known internally – C standing for the vehicle class, BEV for batteryelectric vehicle – is based on a new platform developed
specifically for all-electric drive.
And how do you plan the production of a car
that has no internal combustion engine, no fuel tank and
no exhaust system, but instead, a battery pan the size
of a double bed between the axles? The Brussels plant
is actually well suited to the new SUV, as Günter explains: “We plan to retain the same number of workers
currently building the A1 in two shifts. Because the larg
er SUV has more production content than the smaller
Audi A1, the workforce will still be running at full capacity. And the layout of the halls is also very convenient.
Battery assembly will take place in one hall that’s currently used for logistics. The main contractor there is
Audi Toolmaking, which is preparing all the equipment.”

The whole project is a huge
challenge for the Audi team due to
the use of completely new
technology, paired with a highly
ambitious timing plan. We will also learn
all sorts of new things and
garner wide-ranging experience in
using new materials that
we’ve never worked with before.
However, I have absolutely no doubt that
our team is up to the job.

Front electric motor
Power electronics
Lithium-ion battery with 95 kWh capacity
Two rear electric motors
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Bertram Günter
Project Manager Production C-BEV

Coworker
4.0

S
1
“Ádám” and “Éva” –
Lightweight robots
measure the door gaps
on the vehicle assembly
line at the Győr plant.
Their seven axes
make them extremely
dexterouse.
Text
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Humans and Robots on the Assembly Line
More and more robots are now working directly with people on the Audi assembly
lines. They provide support and assistance and take on strenuous tasks.
Here are three examples of human-robot cooperations from the Győr plant in
Hungary – and a very special gastronomic one from Ingolstadt.

Successfully pouring a Bavarian weißbeer is no straightforward task. It takes a certain degree of manual dexter
ity – not to mention quite a bit of experience – to deliver
the entire contents of the bottle elegantly into the glass
and allow a perfect foaming head to form on top. Even
people from a Bavarian background occasionally fail.
But not so this particular bar professional,
whose lineage stems from the seven-axis lightweight
robot family. With absolute precision, half a liter of
weißbeer from the privately-owned Hofmühl brewery
in Eichstätt near Ingolstadt flows into the slender
glass, which is then promptly placed on the bar. Picking
up the next bottle, the robot pops off the lid, takes a
fresh glass and, once again, the golden hop juice flows.
The repetitive accuracy is greater than could be achieved
by any human being – but that’s what robots are famous
for, right?
However, KUKA the barman is not a permanent member of staff at the Audi Forum Ingolstadt. His
services are called upon only on special occasions – as a
small demonstration of the wide-ranging uses for these
dexterous and sensitive machines. And sensitivity is
particularly important when robots are working with
increasing frequency side-by-side with their human coworkers in automotive production. They provide support
and assistance and take on physically strenuous tasks.
People and robots do not compete, but complement
one another with their respective strengths. Here are
three examples from the Győr plant in Hungary.
Audi Hungaria Motor Kft. produces
more than two million engines per year for the entire
Volkswagen Group. The spectrum of the world’s largest
engine factory spans from I4 to V10. The four-cylinder
EA 888 gasoline engine alone – known as the Global
Engine – leaves the assembly line to the tune of 2,000
units in 70 variants every single day. The line comprises
50 automatic installations, 120 manual workplaces
and, currently, four MRK stations where people and
robots work together.

1
KUKA the barman –
KUKA seven-axis LWRs
have highly sensitive
sensors, enabling them
to pour a perfect glass
of weißbeer.

One of these stations handles the thirdgeneration EA 888. While one Audi worker fastens control valves to ancillary mounts at the front end of the
engine, his coworker – a compact, lightweight robot –
fixes ignition coils to the cylinder head cover with long
self-tapping screws. If a different engine variant comes
down the line, the robot automatically switches workplace and attaches the solenoid valve for adjusting the
camshaft. The working area is monitored during all
tasks by a camera mounted overhead. If there is a risk
of collision, the robot comes to an immediate halt.
A few meters further down the line, the job
is to check the fuel system for any potential leaks –
reaching an operating pressure of up to 250 bar. In the
past, this check was carried out manually by a line
worker – often in a non-ergonomic position. Now, however, the test is conducted by a lightweight robot.
Instead of holding a paper measuring strip in the critical area and watching to see if it darkens, the robot uses
a probe to take small air samples from the zones in
question, such as the pressure-relief nut on the highpressure line. The proportion of fuel in the air is then
analyzed. Like its counterpart from ignition-coil assembly, the robot works at the line without a guard fence.

2

2
Fuel seal checks –
On the engine assembly
line in Győr, a robot
takes air samples from
the engine and analyzes their fuel content.

The Gy R plant
in figures
Audi Hungaria Motor Kft. in Győr*

2,000,000
engines per year

9
base engines

200
engine variants

160,000
vehicles per year

11,400
employees
*Figures from 2015, approximate
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3
Close cooperation –
The person attaches
parts to the front end of
the engine, while the
robot works on the cylinder head cover – direct teamwork in Győr.

3

4
KUKA the barman –
The freshly poured
weißbeer is topped by a
perfect head of foam.
4

A
A pair of lightweight robots is also in action
in Győr’s vehicle assembly facility. The doors of the Audi
A3 and TT models go through a separate pre-assembly
process before being re-attached to the bodyshell. The
job of “Ádám” and “Éva” is to examine the fully assembled cars to check that this has been done accurately to the last tenth of a millimeter. The two LWRs
move in perfect time with the line, comparing the speed
of the conveyer technology with their own up to 100
times a second.
Their seven axes make them extremely agile;
the pivoting measuring heads carry optical and laser
cameras, which they use to examine the door gaps from
a number of different angles. The robots check twelve
measurement areas on the A3 Sedan and eight on the
two-door models. In one working day, this adds up to
more than 14,000 measurement values, which are sent
to Bodyshell Manufacturing for comparison. This crossprocess control loop adheres to the Big Data approach.
The robots work reliably and meticulously.
But above all, “Ádám” and “Éva” relieve their human
coworkers on the line of a strenuous job. Previously, the
workers had to crouch down or kneel to check the lower
zones of the door gap using a handheld device. They can
now concentrate their efforts on areas that are ergonomically unproblematic – the hood and the trunk lid.
In the event of contact with a human being, the robots’
torque sensors cause them to come to an immediate
halt and withdraw from the workspace.
The Győr plant is already playing a pioneering role in human-robot cooperations within the Audi
factory network. Audi Hungaria wants to expand the
number of MRK workstations and establish even stronger links between the individual strengths of man and
machine. And who knows – perhaps KUKA the robot
barman will even visit his colleagues in Hungary to
serve perfectly poured Bavarian weißbeer as a symbol
of the excellent cooperation between the two plants.
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5
“Ádám” and “Éva” –
Robots relieve workers
of non-ergonomic work
when checking door
gaps.

2
The fitter
The LWR can carry out a
variety of fastening
processes. A camera
keeps watch to guard
against contact.

5

3
The sniffer
The robot uses its
probe to check
the engine for leaks in
the fuel system.
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Image
Image
Matters
Matters
Text
Johannes Köbler

The brains behind the new technology –
(l. to r.) Mirko Endres, Manuel Neumeyer,
Erhard Brandl, Marco Karig,
Joachim Härtel and Dominik Schaffer.
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Individual images, graphics and writing on the
paintwork of your own car? With a very
special shimmer? Audi is making it happen and
the magic word is “partial matting”.
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W
What will it be? Your signature? A photo of your grandchild? Or the team crest of your favorite soccer club?
Individualization is a major trend and many customers
want to give their car its own very personal fingerprint.
Audi has developed a completely new technology to ad
dress this – partial matting.
Dr. Erhard Brandl is a paint expert from Tech
nology Development and one of the leading minds behind the project. “The basic idea is incredibly simple,”
he says. “We roughen the clear lacquer on the surface
with a powder-blasting process and, in so doing, create
an image. But it took two years to implement. And without the amazing interdepartmental cooperation, we
would never have managed it.”

3

Partial matting is still largely a manual process carried out in the Paint Shop belonging to Audi
Individual at the Ingolstadt plant. The process begins
in our example with a plastic film bearing the lettering
“R8”. The image is to be applied to the side blade of an
Audi R8. On the areas depicting the lettering, the film
is thin and milky. Using a special jig, it is carefully applied to the meticulously clean paint surface. Steam
ensures the film is firmly fixed and even.
The matting itself takes place in a vacuum.
Mounted on a skid, the masked side blade is run slowly
beneath a nozzle with four outlets, which fire a fine pow
der at the part. The thin parts of the film are destroyed
and the powder slightly roughens the layer of clear lacquer. It’s just 50 micrometers thick, roughly the same
as a human hair.
The abrasion is limited to just five to eight
micrometers. When the rest of the film is removed from
the side blade, the roughened surface is almost imperceptible to the touch. But it’s clearly visible. The letters
and the numbers shimmer far brighter than the surface
around them. “The human eye recognizes tiny deviations,” explains Brandl. “Which is why our four jets have
to achieve a homogenous spray pattern across the entire surface.”

Matting process –
The part is mounted
on a skid and moves
slowly through a
machine inside a vacuum, where four
nozzles blast it with
fine powder.

1
* Audi R8 Coupé V10 plus:
		Combined fuel consumption in l/100 km: 12.3
		Combined CO₂ emissions in g/km: 287

2

Applying the film –
Once cut to size,
the film is applied to
the part. Steam
makes sure it is firmly
and evenly fixed.
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4

Cutting the film
to size –
The starting point
in the matting process
is a plastic film.
The areas that make up
the image are thin
and milky and will later
be shot through.

Cleaning the
finished part –
The amount of clear
lacquer removed by the
matting process is
no more than eight
micrometers. Nevertheless, the roughened
surface structure
makes the image stand
out clearly.
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In general, any painted surface on the inside
or outside of a car is suitable for partial matting. Dr.
Erhard Brandl: “We’re now at the stage with the R8 side
blades made from CFRP and plastic that we can offer
this individualization to the customer. We’re currently
working on other vehicle models and parts and on automation. The important factors are maximum precision
and absolute durability, even in snow and salt. Car
washes are absolutely no problem for the matted parts.”
The new technology is already proving itself on the road – in a small series of 24 cars. This is the
“selection 24h” special edition of the Audi R8 Coupé V10
plus* built in summer 2016 in homage to the motor
sport successes of the Audi R8 LMS race car. And last
season, players and trainers of FC Bayern Munich also
drove Audi models featuring matted club crests. “The
expertise we have developed here gives us a major lead
over our competitors,” says a clearly delighted Brandl.
Partial matting is now on its way into production – Technology Development has handed it over
to Production. One of the next steps will be to cut down
the process times for the spray-blasting so that it can
be applied across the entire model lineup. Meaning
every customer will have the chance – if so desired – to
own an even more individual Audi.

Text
Johannes Köbler

Photos
Ulrike Myrzik

Organic
Tooling

1

Forming to the principles of nature
The new generation of tools from Audi Toolmaking has
been systematically designed for loading.

The Audi Tool Shop is turning to a new generation
of press tools built to bionic principles. They are far lighter than
their predecessors, yet offer greater stiffness and precision.
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2

3

Lightweight design meets precision
Details of a cutting tool constructed from a
combination of different materials.

Sharp eye and sure hand
A member of the toolmaking team carrying out
some final adjustments.

Building S40, which is home to the Tool Shop, stands
right in the heart of the Ingolstadt plant. And, to a certain extent, it is also the heart of Audi itself because the
Tool Shop, together with the Press Shop, is responsible
for the uncompromising quality of the brand’s
bodyshells. The hall covers an area the size of five soccer fields. Inside, it has high ceilings and is flooded with
natural light. In the middle of it is a large area filled
with press tools currently being built or optimized prior
to delivery to the Press Shop.
It takes six such individual tools to make a
sidewall frame for the bodyshell. A classic press tool is
a two-part, cast-iron body, around five meters long,
2.5 meters wide and weighing up to a mighty 45 met
ric tons. Its supporting structure consists of massive
beams arranged horizontally and vertically, cutting each
other at right angles. Vertical ribs stiffen the tool where
it has to withstand the highest forces in the press. In
deep drawing, which is the first step in the forming process, this could be more than 2,000 metric tons.

NATURAL
ROLE MODEL
Designing for load –
The flowing cast ribs follow the line of the forces
acting inside the press.

But the era of conventionally designed press
tools is drawing to a close. “That’s the lower part of our
new tool,” says Ludwig Schaller, Head of Audi Tool
making, as we walk through the hall. And it’s nothing
like the old iron construction. Its design is dominated
by sweeping, organic looking beams, evocative of a leaf
or the bones of a skeleton. A few of them are arcs, while
others vary their profile several times along their
length. The entire construction adheres firmly to the
principle of “the right material in the right amount at
the right place”, as also applies in vehicle development.
This new beginning started five years ago.
“It took quite some guts,” says Schaller looking back.
“We had to overcome some psychological hurdles and
move away from the well-trodden path.” The first thing
the designers did was replace the right-angled beams
with rounded arcs, before then venturing into free,
bionic forms. To determine the loads exerted in the for
ming process, they used the latest technologies like
high-speed cameras and sensors from vehicle testing
to measure loads. And they also received support from
staff from Technical Development.
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4

Old versus new tool
The difference between the generations is immediately apparent from the load-bearing structure.
Inside the new tools, lightweight materials reduce weight.

PREVIOUSLY

TODAY

Inserts

Old generation –
A conventional tool maintains its basic structure
and stability through cross-ribbing made
from cast iron. The rib configuration is adapted to suit
the panel being produced.

New generation –
The new generation of tools is notable for structures based on the flow
of forces and on the principles of lightweight and mixed-material
engineering already used in automotive design. The new tools are up to eight
tons lighter and yet more robust than their predecessors.

New materials –
A wide range of materials is used in the new-generation tooling.
Alongside cast iron and aluminum, plastic also features
for the first time. And Audi continues to apply is proven principle of the
right material at the right place in the right amounts.

Low weight paired
with optimized stiffness
enables us to increase
the number of strokes per
minute in the press.
Ludwig Schaller
Head of Audi Toolmaking
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5

New parts from the metal printer
The tool insert is for producing the point of the fender on the Audi A3.
It was made in the 3D metal printer.

The first new tools entered operation in
2013, since when Audi Toolmaking has continued to
develop them step-by-step. Today, they are used in almost all Audi’s press shops – in Ingolstadt, Neckarsulm,
Győr, Bratislava and San José Chiapa.

New Inserts
Metal printing presents new opportunities –
The structurally optimized cutting
blades likewise come from the 3D printer.
They would have been virtually
impossible to produce by conventional means.

6

New design
Sweeping, arched structures – Audi’s tools designed in accordance with
loading look completely different from their predecessors.

The new-generation tools are superior to
their predecessors in many respects. On average, they
are 20 percent lighter, with some even 40 percent
lighter, while being around ten percent stiffer than conventional designs. The engineers have to configure their
topology to ensure that no stress spikes occur in operation. The particular challenge lies in optimizing the
setup of the entire tool, while taking into account the
differences in local loading. Differences in tool stiffness
could lead to the accuracy of a formed panel being a few
micrometers off in some areas – and that would be absolutely fatal in Audi’s strict quality thinking.
In the new-generation tools, many of the
sliders, levers and extensions that redirect the vertical
forces exerted by the press are no longer made from
steel, but aluminum or a hybrid construction. A slider
like this now weighs just 550 kilograms instead of the
previous 900. In the tools for door inner parts, lightweight polymer materials deliver weight savings of up
to 2.5 metric tons. This is hugely beneficial as these com
ponents are subjected to extremely high vertical acceleration forces. Parts made using 3D metal printing are
gradually being introduced into the tools. One example
is the structure-optimized cutters, which would have
been virtually impossible to make any other way.

The use of modern
material and production
technologies delivers
completely new applications
in press tool design.
Wilfried Vette
Head of Segment Tools for
Audi Toolmaking

The benefits of this geometric, material and
functional lightweight design exercised by Audi Tool
making are immense. Ludwig Schaller explains: “Low
weight paired with optimized stiffness enables us to
increase the number of strokes in the press. Previously,
depending on the press, this was between nine and 18
per minute. But now, we’re able to add two more. And
this has no negative impact on quality – quite the reverse in fact. Reducing the moving masses in the tools
significantly reduces the vibrations generated when
they strike the component blanks. The high accuracy
delivered by the increased stiffness makes running in
the tool prior to first use simpler and faster.”
Audi’s new generation of tools is also paying
off in economic and ecological terms. Conservative esti
mates indicate they save around ten percent on energy
overall compared with their predecessors. This benefit
results not only from the manufacture and operation of
the press, but also from the many transport routes involved in changing them over.
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SMART
NEWS

2017

Progress happens through new ideas and the courage to implement them.
Audi Production thinks beyond barriers – here are two examples.

SMART

HACK
At the Smart Factory Hackathon in October, Audi invited young datascience talent to Ingolstadt to work out software solutions for real applications.
The programming marathon ran for 24 hours.
1

Air transport – ↑
A hexacopter brings a steering
wheel to its assembly station
on the Audi A3/Q2 assembly line
in Ingolstadt.

1 New approaches sought –
“Data drives our production –
You innovate from our data” was
the motto for Audi’s Smart
Factory Hackathon at the Ingolstadt Forum.
2

3

SMART

2 Data is a valuable commodity –
72 young men and women
from IT, mathematics and engineering sciences took part in
the Hackathon.

DELIVERY

3 Winners –
The “Happy Unicorns”
team won the Hackathon with
new thinking on container
management. Also pictured
are Audi mentors Michael Breme
(5th from left) and Mattias
Ulbrich (right).
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Scheduled drone flights through the factory halls? Audi is seriously thinking about this
new form of parts transportation. Initial tests a few weeks ago were very
successful – with worker safety, of course, always being the number one priority.
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3D metal printing is a technology with a big future. Audi is working
hard to build on its expertise in this field – all the way to the Audi lunar
quattro, made largely from printed aluminum.

Text
Johannes Köbler
Photos
Stefan Warter

Printed Matter

1

Audi 3D printing takes a leap into space
For the Google Lunar XPRIZE, Audi is supporting Berlin engineering group
Part-Time Scientists with its project to send a research vehicle to the Moon. The
four wheels of the Audi lunar quattro are made from printed aluminum and
can rotate 360 degrees around their vertical axes. The wheels pictured are still
prototypes.

Expedition vehicle –
The Audi lunar quattro
moon rover
is made largely from
printed aluminum.
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Mission to the Moon

59

Encounter Smart Factory

2

Building around corners

Freeform design thanks to 3D printing
3D printing enables geometries that would otherwise be extremely difficult
or even impossible to produce. This part is the mounting bracket
for the electric air-conditioning compressor for a sports car prototype.
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3

Future technology

Complex, strong and lightweight
It may look like an animal skull, but is actually what’s known as a Z-brace for an
Audi Space Frame of the future. It’s an experimental component, but is
already displaying all the strengths of the technology – it is extremely complex,
very lightweight and exceptionally strong.
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The foyer of the Audi Tool Shop at the Ingolstadt plant is
home to three attractive exhibits – models of the Auto Union
Type C race car from 1936 in 1:2 scale. One of the small Silver
Arrows is particularly unusual as its metallic components
were made using 3D printing – the frame and outer skin from
aluminum and the dashboard from tool steel.
The race car model represents a new expertise
that Audi is working hard to grow and expand, with one recent
development being the addition to the Tool Shop facilities of
the 3D Metal Printing Center. Experts from the Tool Shop and
from the Casting Technology Center belonging to Production
Planning are working together here to maximize synergies.
In collaboration with Technical Development, they are producing steel and aluminum parts for testing in engines and
running gear.
3D metal printing, also known as selective laser
melting (SLM), is a truly fascinating technology. The three
machines in the competence center start the process using
metal powder with a grain size of 15 to 40 micrometers – less
than the thickness of a human hair. All weldable materials
are suitable – titanium, aluminum or tool steel. The printer
deposits the power in wafer-thin layers onto a base plate,
while a laser fed with CAD data melts each layer one-by-one
to create the contours of the end component.

1
Rover wheel
(prototype) –
Fit for the Moon;
robust and finely
controllable.
→ Page 58

“We can use 3D printing to make objects with freeform geometries that would be difficult or impossible to
make with other processes. We can drill around corners, if you
will,” says Matthias Herker from the Audi Tool Shop. “Typical
examples are steel parts with integrated cooling lines or cooling grids of the type used in casting tools.” His colleague Dr.
Ruben Heid from the Casting Technology Center explains:
“For us as aluminum specialists, 3D printing opens up whole
new opportunities. Analyses and tests show that printed aluminum parts have around twice the tensile strength of equivalent parts made from a structural casting. And with weight
savings of around 20 to 30 percent into the bargain.”

2
Compressor bracket –
Example of
freeform geometry
enabled by 3D printing.
→ Page 60

3D metal printing is still very much at the development stage at Audi – it is expensive, slow and limited in terms
of part size. The largest of the three machines in the printing
center is restricted to objects no more than 40 centimeters
long. “When we print a metal pipe weighing around one kilogram, the production alone takes around one day,” says Herker.
“Then there’s the time involved in programming, equipping
and prepping the printer, as well as the post-production work
on the finished item.” Dr. Ruben describes the outlook: “For
us to be able to use the process in production, manufacturers
will have to take a major leap forward – akin to that from tube
TVs to flat screens with LED technology. But as soon as we
reach that stage, Audi will be right out there in front.”

4

3D printing in steel

New parts for casting tools
The steel part is an insert for a hot-forming tool in the Press Shop. It has to
achieve a tremendous amount of cooling, which is why its water channels
(above left) are directly beneath the surface. The cutaway below right shows
printed bores that reduce weight.

Large installation –
The latest 3D printer in the competence center
comes from manufacturer EOS, with which Audi has a
development partnership.

3
Z-brace –
Experimental part
for the Audi Space
Frame in a prototype
vehicle.
→ Page 62

The brand with the four rings has already mastered the fundamentals of 3D metal printing, helped by the
cooperation that Audi has with EOS, one of the leading manufacturers of 3D printers. The brand now even wants to use
the new technology on the Moon. Audi is supporting Berlin
engineering group Part-Time Scientists in the Google Lunar
XPRIZE, a competition based on private funding. The aim is
to send a research vehicle to the Moon on-board a rocket by
the end of 2017. The rover with which the Part-Time Scientists
have entered the race is called the Audi lunar quattro, and the
brand with the four rings has played a significant role in its
development. More than 85 percent is made from printed
aluminum and it weighs just 30 kilograms.

4
Tool insert –
Steel part with
near-surface cooling.
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On The
HOLODECK
Audi Production Lab
The visions of Star Trek are becoming reality. In the Smart Factory of tomorrow,
line workers, planners and engineers could be accurately assisted by
data glasses. The Audi Production Lab is testing eyeglass technology for virtual
reality, augmented reality and assisted reality.

HTC
Vive

In virtual space –
Dr. Henning Löser (right),
Head of the Audi Production Lab,
and data glasses specialist
Jens Angerer examine the cockpit of
an Audi Q2. Their tools are
VR glasses from HTC and the corresponding hand controllers.

VR glasses from the gaming world –
Vive by HTC are among the leading
VR glasses. They generate excellent immersion with a field of vision of more
than 110 degrees and extremely powerful
motion sensors.
Image source: ©2011 HTC Corporation

The trip into the future needs two pieces of technology
– a laptop that fits into a rucksack and a pair of virtualreality glasses. The commercial HTV Vive VR glasses
from the world of gaming fully immerse their wearer
into the scenery generated from the data delivered by
the laptop. Two laser trackers positioned high up in the
room monitor the sensors on the glasses and the hand
controllers carried by the user. This enables the system
to adapt the imagery virtually instantaneously to the
person’s movements.
“In a moment, we’ll beam ourselves into a
factory hall to look for a defect in an assembly process,”
says Jens Angerer. He is a technology development engineer in the Audi Production Lab, a think tank within
Audi Production Planning. Angerer handles an area in
which Audi is way out in front within the automotive
industry – data glasses for virtual, augmented and assisted reality. Each of these can provide the company’s
line workers, planners and engineers with targeted sup
port in their respective fields of operation.
One click and the HTC Vive’s two high-resolution displays show a large space. Floating in the middle of it is the full-size cockpit module of an Audi Q2.
A problem has occurred during installation of the main
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control unit for the MMI Navigation plus. “We are now
using the hand controllers to get to the bottom of it,”
says Angerer. A VR operator can do quite a lot with
them. He can use them to move objects, apply markings
or cut into the three-dimensional simulation. As soon as
he creates a cut in the front of the cockpit, for instance,
the main control unit appears. It turns out that a guide
pin is not fitting accurately into its receptor in the
mounting box. Problem identified.
The simulation in the Audi Production Lab
is impressively vibrant and, at the same time, pragmatically simple. The inner workings of the Q2 cockpit
– infotainment, air conditioning, airbag – appear in
technical colors, and all that can be seen of Jens Angerer
right now is his head and hands depicted as flat elements in red, green or blue. “Our priority here is to
facilitate collaboration between different plants,” explains the technology development engineer. Factory
planners from Germany and Mexico will be able to hold
virtual meetings in a factory that doesn’t even exist yet.
“However, there’s still quite some way to go before the
technology will be able to visualize faces and their expressions.”

The
virtual
cockpit
Simulation –
The cockpit of the Audi Q2 appears in full
size. It includes all components and
subassemblies, like the airbags, air conditioning and MMI control unit.
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The VR technology opens up completely
new perspectives for functions like production assurance, factory and process planning, and employee
training. 3D simulation makes complex interactions
easy to comprehend, which enables certainty in decision-making. Audi is now embarking on initial pilot
programs, meaning the first inter-plant VR meetings
will soon be taking place.
The second data-glasses project in the Audi
Production Lab runs under the label of Augmented
Reality (AR). This is where the physical environment
fuses with computer data. The set of glasses being used
is the new HoloLens from Microsoft – which merges virtual representations, such as a welding robot from bo
dyshell manufacturing, with the real surroundings. The
glasses have the computing power of a tablet, complete with battery; speakers above the ears provide
sound effects. The wearer controls the glasses using
voice commands and gestures. The special displays in
the visor show the hologram for each eye with a slight
offset, which generates a three-dimensional effect.
The HoloLens is equipped with several 3D
cameras and sensors to continuously measure the space
in which the wearer is moving. It uses the data to cal
culate a map of the area, and positions the holographic robot in the spot identified by the user. And there it
remains, regardless of where the wearer then moves. If
the glasses are fed with the corresponding 3D models,
they can be used for planning an entire bodyshell production facility. Users can add in as many robots as they
want and position them so that the arcs and sweeps of
their movements and gripping actions don’t interfere
with one another.
And it’s not necessary for the participants
in this kind of planning meeting actually to be in the
same room – in similar fashion to the fully immersive
VR glasses, the HoloLens facilitates communication
across and between plants. This means they are also
suitable for remote maintenance or training purposes.
Jens Angerer expects the new technology to be ready
for its first pilot project in 2017.
The third data glasses technology from the
Audi Production Lab is called Assisted Reality. It is aimed
at supporting workers during the assembly process – a
big help in view of ever-increasing process complexity.
“The Győr factory in Hungary has what is known as As
sembly Original Parts, where trained fitters build engines by hand,” explains Angerer. “This takes several
hours and some shelves have up to 200 cubbies for
small parts.” This is where information provided via the
glasses could prove extremely useful.

Since 2015, Audi has been testing several
data glasses that can be worn all day – known as “wearables”. One of them is the Google Glass unit, which is
robust and manageable in terms of technical complexity. Just like a smartphone, it incorporates a memory,
processor, microphone, camera, speaker, battery and
transmission/receiver module within a small frame.
And it weighs no more than a pair of sunglasses, meaning that workers can wear it for eight hours a day.
Google Glass downloads build data from
the server prior to assembly and shows the respective
process steps in a prism on the upper edge of the right
lens. The user can go through the assembly steps using
voice control or the glasses’ touch-sensitive frames. If
he is standing in front of the shelf, the glasses will also
show him how many parts of what serial number he has
to pick from which shelf. To avoid the glasses distracting wearers from the task in hand, the fitter only sees
the information if he looks up – otherwise, his field of
vision remains clear.
Be it virtual, augmented or assisted – people
at Audi are wearing glasses for a clearer view of the
future.

As light as a pair of sunglasses –
Dr. Henning Löser with Google Glass,
as worn by the specialist engine fitters at
the Győr plant in Hungary.

GOOGLE
GLASS

ASSISTED
REALITY

Assisted reality for assembly –
Google Glass shows the worker
helpful information and is light enough
to be worn all day long.

In assisted reality, the user continues to move
within the real world. The data glasses assist only with
tips and instructions.

Image source: Tim.Reckmann, CC BY-SA 3.0

AUGMENTED
REALITY
Augmented reality means the computer-aided
augmentation of human perception.
Data models like holograms are incorporated into the
user’s real surroundings.

VIRTUAL
REALITY
MICROSOFT
HOLOLENS

Virtual reality applications shut the viewer off
from his real surroundings and replace
it with a visual and acoustic simulation. VR technology
comes from the gaming world.

Augmented reality world –
The HoloLens wearer sees his real world
augmented by virtual imagery.
The glasses are equipped with sophisticated
sensors and a high-speed computer,
which makes them comparatively bulky.
Image source: Microsoft Sweden, CC BY 2.0
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SUViva MÉXICO
Audi México
The most modern plant in the entire Audi production network was planned
entirely in the virtual world. Using the very latest technologies
the factory in San José Chiapa, Mexico is now producing an annual volume of
up to 150,000 of the brand’s new premium SUV, the Audi Q5.

Easily accessible –
The various processes in Bodyshell Manufacturing
are ergonomically designed.

Bodyshell
Manufacturing
As if by magic
670 robots build the Audi Q5
bodyshell – equating to
an automation level of 80 percent.
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Paint Shop
Green line
The Paint Shop at Audi México is one of the
most environmentally compatible
in the world. Thanks to new technologies,
it produces almost no effluent.
Final check –
Workers examine the bodyshell surface finish
after each painting process.
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Assembly
Magic moment
A very special event in assembly is the marriage
that connects the drivetrain
with the chassis and the bodyshell.
On the production line –
Assembly workers build up to 150,000 of the new premium SUV
each year on an area of 120 hectares.
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A fine touch –
Workers on the Finish Line use a special light to ensure the surface finish
meets the highest quality standards.

Inspection
Close contact
At the end of the assembly line, every
completed Q5 undergoes meticulous inspection –
Audi quality without compromise.
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I
It’s eight o’clock Monday morning. The Audi team from Ingolstadt
has just landed and is on its way to a meeting on the second floor
of the central admin building at Audi México. Climbing the stairs
raises their breathing rate far faster than at home. And no wonder
– the brand new Audi plant in the state of Puebla stands at an altitude of 2,400 meters, making it the highest Audi plant in the world.
It takes a while to acclimatize.
Once there, however, the effort involved is quickly forgotten. The most modern plant in the entire Audi production network is amazing to behold. Particularly so when you know that it
was fully planned and commissioned in the virtual world using
computer simulation even before the foundation stone was laid.
This approach enabled planners from various different plants to
work simultaneously on the factory structure. The actual car fac-

Innovative –
The Press Shop in San José Chiapa with its servo XL press line
is one of the most modern in America.

“MADE BY AUDI”
The same quality worldwide
Outstanding employee training and the
quality lab maintain the quality
standards applied by Audi around the globe.

tory was then built on 400 hectares in a record time of just threeand-a-half years – complete with Press Shop, Bodyshell Manu
facturing, Paint Shop and Assembly. State-of-the-art production
equipment and highly efficient logistics assure an annual production volume of 150,000 Audi Q5s.
The innovations that make the plant in San José Chiapa
unique, even within the Audi world, include the central production
control station (P-Control Station). While the five control stations
that otherwise exist at Audi plants elsewhere are often located in
different places, the entire production process is monitored here
from a single, central location. Thanks to the consolidation of individual interfaces, the various different control centers can communicate effectively and directly with one another.
Audi México is also employing smart logistics. The plant
has been equipped with RFID technology (Radio Frequency Identi
fication), which enables flexible coordination of production and
supply chains. Audi México is the first plant in the entire Volkswagen
Group to make use of this technology for all of its material and
container flows.
A supplier park has been built right next door to the
plant, on a first phase covering 60 hectares. In what is known as
the JIS park (just in sequence), Audi México is working with seven
partners – including five suppliers and two logistics providers.
This direct proximity means that parts can be delivered to the plant
in exactly the right sequence, which reduces cost and protects
the environment.
The highest standards of environmental protection
formed the basis for all aspects of planning the factory. Thanks to
a variety of different water treatment systems and the application
of new technologies in the Paint Shop, the plant produces no effluent. Audi México also recycles 94 percent of its waste. More
than 100,000 trees planted on an area of 100 hectares in the
neighboring community of San José Ozumba absorb and capture
CO₂. And the damp air that gathers around the trunks seeps into
the ground. This fills groundwater levels to the tune of 375,000
cubic meters every year.
The new plant in San José Chiapa was unveiled to the
general public on September 30, 2016 – thanks to virtual planning,
30 percent sooner than normal. Around 500 guests, including journalists, politicians and employees gathered in the Press Shop to
share in the celebrations of this flagship example of the Audi Smart
Factory. Breathtaking – at any altitude …

Top qualification –
More than 5,400 training sessions were held in the
Training Center in 2015. On average,
1,800 employees took part in language courses.
Mark of quality –
A worker in San José Chiapa attaches
the four rings to the Audi Q5.

Detail perfection –
A worker checks the center console of the Audi Q5.
Harmonious –
In the Quality Assurance light lab, employees use
color matching to check that the
individual components harmonize with one another.

* Audi Q5:
		Combined fuel consumption in l/100 km: 7.1 – 4.9		
		Combined CO₂ emissions in g/km: 162 – 129
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Always on –
105 employees monitor the production process
in real time on three shifts
from this 350 square-meter facility.

Central
Control Station
Mastermind
In the central control station, employees oversee
the manufacturing process and
take action in the event of complications.
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