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► High-tech in all areas: Audi expanding Vorsprung durch Technik  

Vorsprung durch Technik is the hallmark that defines Audi in all areas of 

automobile development and production. In Audi’s new  

Lighting Assistance Center in Ingolstadt, engineers are developing innovative 

lighting technologies, and in the Wind Tunnel they are working on the 

aerodynamic efficiency of Audi models. In production, Audi is paving the way for 

the “smart factory,” the intelligent, connected factory of the future.  

 

Audi offers superior solutions in the areas of lightweight construction, engines, 

drive technologies, chassis, control and infotainment systems, as well as 

connectivity and driver assistance systems with the first piloted driving functions. 

The company is consistently optimizing classic combustion engines and pursuing 

systematic electrification of powertrains. High-performance plug-in hybrids like the 

Audi A3 Sportback e-tron* and the Audi Q7 e-tron 3.0 TDI quattro* are two vehicles 

that prove this emerging technology has what it takes for everyday driving.  

 

Audi is a lighting technology leader. The new Lighting Assistance Center that Audi 

opened in February 2015 is specially equipped to develop solutions for laser high 

beams and camera-based lighting assistance systems. At 120 meters (393.7 ft) long, 

the light tunnel is the biggest automotive facility of its kind in Europe. Audi is taking 

the next development step with matrix-laser headlights. This technology is featured 

in the Audi prologue piloted driving show car, which stands for a new design era.  

 

Consistent transfer of technologies from motorsport to series production is an 

illustrious tradition at Audi – and a unique characteristic of the brand. Motorsport 

engineers worked very closely together with the developers of the Audi R8* series 

sports car to develop the Audi R8 LMS – the GT3 racing car for customer racing 

worldwide. About 50 percent of the two cars’ components are identical. The 

engineers thoroughly tested the Audi R8 LMS in the Wind Tunnel. They succeeded in 

optimizing the aerodynamics and reducing the drag coefficient by 20 percent.  
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In an intelligent production system, these technologies bring forth the most 

sought-after premium automobiles. The “smart factory” concept refers to an 

automobile factory that assists the employees in production and is self-steering to a 

large extent. 

 

The growing number of model versions and increasing complexity of automobiles is 

accelerating the transition to the smart factory. There are already more than 

1,000 versions of the Audi A3*, for example. In theory, multiplying this number by 

the many possible combinations of interior features and equipment would result in 

over 1.1 x 10
38

 different vehicles. In addition, production is integrating new model 

derivatives into the line, including the g-tron and e-tron models with gas hybrid 

drives and plug-in hybrid drives, for example.This explains why digitization and 

intelligent connectivity are playing an increasingly vital role in Audi production. IT 

systems and intelligent production facilities provide employees with precise 

information and components. Human-robot cooperation and projects like the 

“chairless chair” are pointing the way forward: Ergonomics in automobile production 

are becoming more important all the time, and Audi is addressing demographic 

change with creative solutions.   

 

In the future, production systems will control and monitor themselves, and 

production facilities and machines at Audi sites worldwide will be connected. These 

dynamically connected systems will make even more flexible production possible. 

And the intelligent tools at Audi Toolmaking are already self-regulating. They ensure 

that the precision of metal panels can be measured in the range of hundredths of 

millimeters, while also supporting sustainable production. Intelligent production 

technologies are enabling the company to make tools in new, efficient ways: 

Audi Toolmaking is testing a 3D printer that can produce metal components with 

complex geometries.  

 

And Audi is using digital technologies to shape the global growth of the company. A 

large share of factory planning is being done with virtual reality (VR) systems, which 

make time-saving, cost-efficient planning possible. VR and augmented reality (AR) 

applications are found in all areas of the company, from Development to the 

Pre-Series Center and Production, to Sales.  
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► Aesthetic technology: Audi lighting technologies  

Audi is the leading brand in automotive lighting technology: new solutions such 

as the laser spot for the high beam and Matrix laser headlights are driving 

progress. The lighting innovations enhance road safety while at the same time 

being an aesthetic expression of the brand’s values. Besides road lighting, the 

second major field of work for the lighting developers and designers is interior 

lighting. The interior lighting of the new Audi Q7 is particularly sophisticated and 

offers the driver numerous networked applications in the cabin.  

 

Aesthetics, dynamics and interaction – these terms characterize all lighting 

technologies developed by Audi. The exterior lighting is an important element of the 

exterior design. It is a bold, unequivocal signature that lets an Audi be recognized 

even at a great distance. And then there are the dynamics: the light moves and gains 

new forms of expression and differentiation. The dynamic turn signals, for example, 

move in the direction the driver is turning. The Audi light of the future will interact 

with other road users and with the driver, thus becoming even more of an 

information medium. An innovative laser rear fog light, for example, could use a 

light signal to warn trailing drivers against getting too close. Interaction carries over 

into the cabin: light functions that send important signals to the driver could be 

integrated into decorative elements in the future. 

 

New test environment: the Lighting Assistance Center in Ingolstadt 

Audi is further extending its lead in automotive lighting technology with a new 

Lighting Assistance Center. Opened in February 2015, the facility is the longest 

drivable light tunnel in Europe, measuring 120 meters (393.7 ft). The 

Audi developers can work here on innovative solutions for the high beam and future 

camera-based lighting systems. By eliminating the need for numerous nighttime 

test drives, this will enable the latest technologies to hit the streets even faster.  

The new Lighting Assistance Center is linked technically and physically to the 

existing light tunnel at the Audi plant in Ingolstadt. It is located in the third 

basement of a newly constructed, eleven-storey building. The Lighting Assistance 

Center is 120 meters (393.7 ft) long, 12 meters (39.4 ft) wide and five meters 

(16.4 ft) tall. Over the last 25 meters (82.0 ft), these figures are 18 meters (59.1 ft) 
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wide and nine meters (29.5 ft) tall. It is equipped with a street-like floor surface, a 

turntable and a scale for the cars, a laser laboratory, a workshop, a media room and 

separate rooms for the development of interior lighting technologies. 

 

State of the art: Matrix LED headlights 

The Matrix LED headlights currently available in the Audi A6*, A7 Sportback*, A8* 

and TT* models illuminate the road extremely well in any situation without blinding 

other road users with glare. A row of compact light-emitting diodes – 25 LEDs per 

headlight in the A8 – produces the high beam. Working together with a camera, the 

control unit can turn off individual LEDs or dim them in 64 stages depending on the 

situation. Millions of different light patterns are possible. The high beam of the 

Matrix LED headlight can mask out individual oncoming or leading vehicles while 

continuing to fully illuminate the zones between and adjacent to them. Full 

illumination is restored once the oncoming traffic has passed.  

 

Enhanced visibility and safety: the laser spot for the high beam 

The laser spot for the high beam – the latest Audi technology in the lighting sector – 

made its debut in a production model in mid-2014. In each headlight, a laser 

module with four diodes generates a cone of light that extends several hundred 

meters. A phosphor converter converts the blue laser light into roadworthy white 

light. The laser spot offers the driver major advantages with respect to visibility and 

safety. Audi will offer the high-end technology as an option in the new R8 

high-performance sports car. 

 

The light of tomorrow: Matrix laser headlights 

Audi is taking the next developmental step with the Matrix laser headlights. Their 

central element is the digital micromirror device (DMD), a matrix of hundreds of 

thousands of micromirrors that catch the light from multiple laser diodes. Each of 

these micromirrors can be tilted up to 5,000 times per second. The light is broken 

down into tiny pixels and illuminates the road in high resolution and precise control. 

With DMD technology, Audi cars will be able to generate the ideal light for any 

driving situation. Targeted light shows the driver the way when turning or moving 

through intersections, even projecting arrows or similar graphics onto the road, if 
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desired. The high-resolution light can highlight traffic signs or very precisely avoid 

blinding other road users with glare. 

 

Light and networking: the interior of the new Audi Q7 

The new Audi Q7 features extremely sophisticated interior lighting. A lighting 

package with LEDs and light guides is standard; an optional extended package with 

additional light guides gives customers even more precise control over the 

distribution and color of the light.  

Another highlight in the new Q7 is the Audi virtual cockpit. The fully digital 

instrument cluster with its 12.3-inch TFT monitor presents all information as 

intricately rendered 3D graphics. The graphics quality, transparent images and 

animations together with the high-end resolution of 1,440 x 540 pixels create an 

all-new visual experience. The driver can choose between various view modes. 

Working in the background is a high-performance graphics processor from Audi’s 

partner, NVIDIA. The MMI operating system in the new Audi Q7 follows an entirely 

new logic. It is oriented on the concept of modern smartphones. Flat hierarchies 

replace bifurcated menu trees, and a free text search function often provides the 

desired result after entering just a few characters. The touchpad (MMI touch) also 

supports multifinger gestures such as zoom and scroll, and provides haptic feedback 

after each input. Customers can also control the various functions with a natural 

voice control system that not only understands predefined commands, but also 

phrases from everyday speech. 
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► For the sake of efficiency: the Audi Wind Tunnels  

The easier it is for a car to glide through an airstream, the lower its 

consumption, and the higher its clearing speed. At the Wind Tunnel 

Center, experts from Audi are working on the best aerodynamics for 

production passenger cars and racing cars. 

 

Big benefits for the customer: the air flow 

Audi has far-reaching competence in aerodynamics development. Way 

back in 1982, the Audi 100 posted a sensational best drag coefficient of 

cD 0.30, and today’s A8 has a drag coefficient of cD 0.26. That’s good 

news for the customer: When driving at highway speeds, aerodynamic 

drag accounts for almost half of the fuel energy used. The effect of even 

the smallest factor is felt in aerodynamics – one hundredth of a drag 

coefficient value corresponds to about one gram of CO2 exhaust gas per 

kilometer. If the drag coefficient of the Audi A8 were only 0.020 higher, 

it could be driven 24 kilometers (14.9 mi) less far on a full tank of fuel. 

 

Numerous body details serve to reduce the drag coefficient of all Audi 

models – from the exterior mirror to the wheels to the small separation 

edges on the tail lights. The defined stall of the air flow at the rear end 

has a positive effect on a vehicle’s directional stability, particularly at 

higher speeds. The aerodynamic forces at work also include the air flow 

at the underfloor and the air flow through the engine compartment, 

which together can account for half of the aerodynamic drag. Each 

factor is exactly balanced with the other. 

 

Downforce: the Audi R8 LMS racing car 

The motorsport engineers work closely on aerodynamics together with 

the series production developers from the Wind Tunnel. The new  

Audi R8 LMS GT3 racing car was improved with tailor-made solutions in 

the Wind Tunnel: an entirely redesigned CFRP body engineered for 

motorsport, a new air flow concept for the cooling systems and 
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passenger compartment, a fully lined underfloor, an integrated rear 

diffuser and an optimized rear wing.  

 

The underfloor and diffuser create a lot of downforce – the force that 

helps the car to grip the road and thus makes high cornering speeds 

possible. The more efficiently this works, the less downforce the rear 

wing needs to produce. So the wing can be made smaller – which in turn 

reduces aerodynamic drag. Thanks to this high aerodynamic efficiency – 

the ratio of downforce to aerodynamic drag – the clearing speed 

increases. Overall, Audi has reduced the drag coefficient of the R8 LMS 

by 20 percent to cD 0.4 – the new racing car superbly combines high-

speed driving in curves and top speed. 

 

Conceived for Audi Sport customer racing worldwide, the R8 LMS is 

equipped with a freely aspirated 5.2-liter V10 engine that can deliver up 

to 430 kW (585 hp). In March 2015 the car will be in action for the first 

time. The new racing car is continuing an impressive legacy – beginning 

in 2009, its predecessor model took home 26 international overall titles 

and seven victories at 24-hour races. 

 

In many cases, the series developers have also benefited from the 

knowledge of their motorsport colleagues. The new Audi TT and the big 

RS models, for example, feature vertical dividing bars in the air inlets 

that serve as spoilers up front. They direct air so that it flows cleanly 

along the flanks. The production of series cars and racing cars is so 

closely interlinked that both vehicle types are produced together up to 

the point that a certain stage is reached in the process.  

 

Up to 300 km/h (186.4 mph): the Wind Tunnel Center at Audi 

Audi’s Wind Tunnel Center in Ingolstadt comprises three wind tunnels 

that cover over 10,000 m2 (107,639 sq ft), all under one roof. The 

tunnels’ control rooms, a separate climatic chamber, three smaller 

testing labs for vehicle components and a workshop area round out the 
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Wind Tunnel Center. Each of the three wind tunnels have been designed 

for different purposes, so they ideally complement one another. 

 

The biggest facility is the Aerodynamics and Aeroacoustics Wind Tunnel 

(AAWT). Almost half of a car’s aerodynamic drag is generated at the 

underfloor and wheels, and in the wheel arches, which is why the AAWT 

is equipped with a moving belt that simulates the road surface – and can 

move at speeds of up to 235 km/h (146.0 mph). Four small moving 

belts set the wheels in motion, and rods inserted into openings in the 

body sills secure the car in place. 

 

A rotor in the AAWT blows wind at the test vehicles – 1:1 scale cars as 

well as models in 1:4 or 1:2.5 scale – with tremendous force. The rotor 

measures 5.01 meters (16.4 ft) in diameter and is equipped with 

20 blades and 27 vanes. It is driven by a three-phase motor that 

generates up to 2,720 kW of power. That enables it to produce wind 

speeds as high as 300 km/h (186.4 mph) – enough to conduct tests of 

the Le Mans motorsport prototypes.  

 

Aeroacoustics are also a focus at the AAWT – a technical field in which 

Audi outperforms its competitors. The powerful facility is very quiet: At 

a wind speed of 100 km/h (62.1 mph), the sound pressure level is only 

50 db (A). The air is routed in a closed circuit, and large damping 

profiles are positioned in the elbows that direct air flow. A noise 

reduction system cancels out low-frequency pressure waves that would 

cause false measurement results. Resonators filled with a noise-

damping foam cover the walls of the measurement chamber. 

 

The Thermal Wind Tunnel (TWT) is the competence center for heat 

conditions. This is where Audi tests all systems for cooling engines, 

brakes and passenger compartments. A heat exchanger in the air circuit 

makes it possible to heat the space up to 55 degrees Celsius (131 

degrees Fahrenheit), and the heated floor simulates a road surface 
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warmed by the sun. The turbines in the TWT can blow air up to a 

maximum speed of 275 km/h (170.9 mph); the measuring distance is 

somewhat shorter than in the AAWT because as a rule only the front of 

the car and its underside need to be subjected to an air flow with high 

flow quality.  

 

The third facility is the Climatic Wind Tunnel (CWT), whose turbines can 

generate wind speeds as high as 300 km/h (186.4 mph). Three engines 

with a power output of over 3 MW produce cold, and steam produced by 

a heat exchanger serves to humidify the air. There are 40 burners to 

simulate sunlight, with beam power of up to 1.2 kW per m
2
. A water 

sprinkler system can dispense up to 2,500 liters (660.4 US gal) of water 

per hour, to realistically recreate heavy rainfall conditions.  

The Climatic Wind Tunnel can reproduce nearly all conditions – from 

Siberian permafrost to the tropics of southern China, and its 

temperature range is from -25 to 55 degrees Celsius (-13 to 131 

degrees Fahrenheit). The CWT eliminates the need for many test drives, 

thus also reducing CO2 emissions as part of the development process.  
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► High-tech on the assembly line: Audi production  

At Audi the focus is on people – the customer and the employee. Digitization and 

intelligent solutions in production are making it possible to continually increase 

the brand’s level of quality. They also are reducing complexity, making production 

work easier and ensuring better ergonomics. 

 

Hand-in-hand: humans and robots 

In the A4*/A5*/Q5* assembly facility at the Audi plant in Ingolstadt, the future has 

arrived: Since January 2015, a robot – known in the plant as “PART4you” – has been 

helping out on Section 3 of the assembly line. Its assignment: To use a camera and 

an integrated suction cup gripper to take coolant expansion tanks from a deep 

materials box. Then the robot passes them to the employee – without a safety 

barrier, at the correct time, and in an ergonomically optimal position. The employee 

on the line retains control of every situation, because the robot adapts to the 

working pace of the employee. Thanks to PART4you, the employees no longer have 

to bend and reach down into the box of expansion tanks, which helps prevent back 

strain. The steel body of the robot is protected from shocks and impacts by a 

covering made of foam. Sensors integrated in the foam covering react immediately 

if the employee moves close to the robot or touches it. If necessary, the sensors shut 

off PART4you’s electric drive. PART4you fufils the relevant safety requirements for 

cooperating robot systems, so he has been issued the required certificate from the 

employers’ liability insurance association.  

 

It is the first human-robot cooperation at the Volkswagen Group to be applied in 

final assembly. Since 2013, Audi employees in the A4 body shop in Ingolstadt have 

been working with the same type of robot, equipped with an adhesive nozzle instead 

of a suction cup – but with fixed timing and without the component-passing function. 

Both robots are already fully integrated in the line operation, and there are many 

more ideas for expanding the cooperation between workers and machines. In pilot 

testing at Audi’s Neckarsulm site, for instance, a robot is currently being tested to 

see if it can also precisely position heavy components, like a luggage compartment 

lid. 
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Smart and safe: the electronic vehicle job card 

Paper job slips with detailed specifications for individual vehicles were the standard 

used in production for many years. At some point it became too bothersome to 

indicate on a piece of paper all the abbreviations and acronyms for countless models 

and equipment variants. This is why Audi gradually switched to a new technology in 

late 2011 – the electronic vehicle job card (called “eWBK” for short, from the 

German “elektronische Wagenbegleitkarte”), also known as electronic build 

document. Since then it is in use in nearly all assembly areas at Audi’s Ingolstadt 

plant. 

 

On monitors at the workstations, the eWBK shows exactly the component the 

employee needs for every car. Photos, highlighting in color, and illustrations provide 

fast, clear orientation. In many instances the employee is even shown from which 

container he has to take the components – indicated by a signal light. The eWBK also 

automatically reminds employees if something needs to be tested or inspected. 

The new technology makes the operational procedure easier and more reliable. So it 

is an important cornerstone for further improvement of processes and quality.  

 

A second pair of “legs” made of CFRP: the chairless chair 

Audi’s highest priority is the health of its employees. That’s why the company 

collaborated with a Swiss start-up enterprise to conceive a solution that greatly 

reduces bodily strain on the assembly line and boosts well-being in the workplace – 

the “chairless chair.” 

 

The chairless chair is an exoskeleton worn on the back of the legs. The high-tech 

construction of carbon thus enables production employees to sit – without a physical 

chair. The employee fastens the chairless chair to the body, using belts at the hips, 

knees and ankles. Two leather-covered surfaces support the buttocks and thighs, 

and two struts made of carbon-fiber reinforced plastic (CFRP) adapt to the contours 

of the legs. They are jointed at knee height and can be hydraulically adjusted to the 

wearer’s body size and the desired sitting position. Body weight is transferred to the 

floor through these adjustable elements. The chairless chair weighs just 2.4 

kilograms (5.3 lb). 
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The employee wears it during work like a second pair of legs that always support him 

when needed. The exoskeleton can thus improve posture during many activities and 

reduce strain on the legs. It also enables the employee to sit in an ergonomically 

sound position instead of standing. So chairs and stools, which are currently used at 

some assembly line sections as temporary aids, become unnecessary.  

 

The first prototypes of the chairless chair are already in use at the Neckarsulm site, 

to be followed by the Audi plant in Ingolstadt. 

 

The pilot project is being supported by an interdisciplinary team and is part of the 

field of activity under the heading of “workplace of the future,” in line with the 

company’s ergonomics strategy: With “We for us. Active into the future,” Audi is 

responding to current and future challenges resulting from the transformation of 

the working world. 
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► Innovative data worlds: virtual and augmented reality 

Beginning in 2016, the new plant in San José Chiapa, Mexico, will become the 

Audi Group’s fourteenth production site in the world. Many digital technologies 

are helping the company to shape its global growth. A large share of factory 

planning is being done with the help of virtual reality (VR) tools, for example. VR 

and augmented reality (AR) applications are found in all areas of the company 

today, making time-saving, cost-efficient planning possible. 

 

Gigantic data set: the digital factory 

At six meters (19.7 ft) wide and 2.4 meters (7.9 ft) high, the powerwall in the Audi 

plant planning facility is almost the size of a movie theater screen. The images it 

displays come from a digital projector and have a resolution of 6.7 million pixels. 

The computer cluster that generates the images consists of 11,520 processing cores. 

That’s equal to the computing power of 1,440 high-end laptops. 

This technology allows the plant planners to build a new factory with all work areas 

as a complete digital model – before the first excavator even rolls onto the 

construction site. As a result, the employees can make sure that every last detail will 

mesh together flawlessly later when the facility is in operation – from the basic 

plant layout and logistics to the interplay of the facilities and equipment to the 

details of the individual process steps. 

Audi has fully digitized its two main plants in Ingolstadt and Neckarsulm and the 

sites in Győr, Hungary; Brussels, Belgium; and San José Chiapa, Mexico. The exterior 

of the plant in Mexico, for example, which is to begin operations next year, can 

already be displayed down to the last detail on the powerwall – even the shadows 

cast on the walls by the fire escapes. The imagery of the interior deliberately shows 

just the technical features. It shows the installations – supporting structure, wiring 

harnesses and robots – in “substitute colors,” which make quick, accurate 

orientation possible for the experts. 

 

The plant planners can move around freely in these virtual spaces and, for example, 

check movement patterns of the robots in the body shop and operate welding guns. 

The virtual assembly planning enables them to closely inspect each workstation, 
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with an eye to process safety of the procedures and ergonomics. The digital factory 

is transparent in every detail, even of complex processes like those involved in 

welding and painting procedures. In cooperation with the experts, the planners 

examine specifics like temperature simulation and fluid dynamics. 

 

Exact match: augmented reality in the Pre-Series Center 

The term “augmented reality” (AR) refers to a system that superimposes virtual 

information from a computer onto camera images of the real world. In the  

Pre-Series Center at the Ingolstadt site, Audi has installed a high-precision AR 

application named “Window to the World.” Audi is the first company in the world to 

use such a system. Window to the World is based on virtual imagery of the various 

parts of an automobile, which a computer creates by means of the car’s construction 

data.  

 

The developers use the system to visualize different design variants of a prototype, 

for instance, and to compare them to one another. To do this they overlay 

photorealistic data on the camera image of the car, for example different bumper 

variants. That enables the company to dispense with the development of costly 

prototype components. “Window to the World” also makes it possible for the 

employees to examine a prototype or pre-series vehicle and determine with 

millimeter-exact precision if the components are properly installed. This makes it 

possible to fix possible errors while still in the development phase.  

 

For comparison with the real model, a tripod-mounted camera films the part in 

question, while it is on the car, for example in the engine compartment. An infrared 

tracking system simultaneously determines the exact position of the camera image. 

A computer merges this camera image with the virtual depiction of the engine 

compartment, which is assembled from construction data. 

 If the specialist now would like to analyze whether a specific cooling hose is in 

precisely the right location, he films it with a hand-held camera. The program 

superimposes the desired position, based on the construction data, onto the actual 

position. If the components exactly overlap, the component matches the 

construction specifications. Should the positions differ, the employee can easily 
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detect, analyze and correct this on the monitor in real time. With the “Window to 

the World” tool, the employees examine large parts of the car – from the chassis to 

the exterior and engine compartment, to the interior. The resulting variance analysis 

provides them with exact information – for the sake of uncompromising Audi quality. 

 

Virtual showroom: the Audi VR experience 

The Audi VR experience offers customers something unprecedented – the ability to 

use a virtual reality headset to configure their dream car. The customer can view the 

exterior from various perspectives, look into the luggage compartment, or sit in the 

driver’s seat. But there’s more: High-end headphones allow them to hear the full 

range of acoustic signals – from closing the doors to the quality of the sound system. 

The “immersion” experience – in the virtual world – is near perfect. 

The VR headset works together with a powerful computer. The computer provides 

highly detailed data sets of all current Audi models – including interior and 

customization options. A camera follows the head movements of the user and 

adapts the imagery accordingly in the VR headset. The new technology will be ready 

for use at the first dealerships before the end of this year – with a special focus on 

the emerging growth markets. Mobile use is a possibility for the future, for example 

in a customer’s home.  
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► Uncompromising precision: Audi Toolmaking 

Audi Toolmaking occupies a leading position among the international competition, 

an achievement confirmed not least by multiple overall victories in the renowned 

competition “Excellence in Production”. The department also has a key position 

within the company: It covers the entire process of sheet-metal production, 

making it an indispensable contributor to the precision of Audi car bodies. With 

realization of the “smart factory”, Audi Toolmaking is developing intelligent tools 

and currently testing a 3D printer for printing metal.  

 

Precision to within one hundredth of a millimeter: the intelligent tools 

Were it not for the uncompromising precision in toolmaking and in the press shop, it 

would be impossible to convey Audi’s striking design characteristics, with their crisp 

edges and tight radii. The aluminum engine compartment lids of the models in the 

Audi A3 and TT families, for example, have outer shells with two sharp contours. 

These “swoosh lines,” as they’re called by people at the company, are created by 

means of an innovative Audi Toolmaking technology: intelligent tools. These tools 

are further improving the contours’ precision, which is already in the hundredth of a 

millimeter range. 

 

Like any mechanical process, the forming of the sheet-metal blanks and aluminum 

blanks in the press can be influenced by certain variable factors. In some instances, 

the material composition of the blanks or their lubrication is not entirely uniform,for 

example. That effects how the sheet metal is drawn in on the flange (on the edge), 

which in turn is needed for the metal to be drawn over the form. If that happens too 

slowly compared to the specified sample, the tension is too high. In this case, slight 

cracks could form. But if, on the other hand, the sheet metal is drawn in too rapidly, 

the strength of the component could suffer. 

Intelligent tools are the answer to this challenge. Four lasers are installed in the 

tool for the engine compartment lids of the Audi A3 and Audi TT; they measure the 

drawing in of the flange and then send their data to a computer. In the event of 

deviations from the target value, the tool regulates the clamping forces of the four 

drawing aids that precisely clamp the sheet metal in the flange area, each with 

about 30 metric tons of force, by means of an electric actuator, a type of motor. 
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The intelligent tools are a development that sums up the Audi philosophy in a 

nutshell. They reduce the number of rejections, save on material and therefore 

support sustainable production. The tools also enable stable processes of reliable, 

consistently high quality and continue to raise the bar in terms of what is physically 

feasible. Aluminum, a relatively brittle material, is giving the brand an opportunity 

to really display the depth of its expertise – the new Audi TT is the aluminum car 

with the tightest radii in the world. 

 

Development in the field of intelligent tools got started six years ago, at the 

initiative of Prof. Dr.-Ing. Hubert Waltl, who today is Board Member for Production. 

Today, Audi is using a total of 12 such tools at the Ingolstadt, Neckarsulm, 

Bratislava and Győr sites. Looking to the future, the brand’s experts are already 

giving lots of thought to new solutions in the areas of sensor systems and actuator 

technology. In a further step, the tools could communicate with the presses, for 

example, to adjust the forces or their distribution as necessary.  

 

Small series as a goal: screws from the printer  

In many places 3D printers, which manufacture objects from plastic powder, have 

already been in use for several years. A new development, though, is the 3D printer 

that Audi installed at Toolmaking in October 2014. The printer uses a laser melting 

process to produce metal components whose complex geometries – as seen in 

cooling ducts, for example – make it hardly possible (if at all) to manufacture them 

with conventional processes. 

 

The material for the laser melting process is metal powder with a grain size ranging 

from 15 to 40 thousandths of a millimeter – about half the thickness of a human 

hair. All materials that can be welded are suitable – tool steel as well as metals like 

aluminum and titanium. The printer fills in the powder in layers, and a  

CAD-controlled laser then melts and fuses it to produce the shape of the desired 

component. Whether nozzles, hinges or metal panels – with edge lengths of up to 

240 millimeters (9.4 in) and a height of up to 200 millimeters (7.9 in), practically all 

forms and objects can be made. The printed components are as strong as 

conventionally manufactured components. 
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The large-scale 3D metal printer that Toolmaking is using at Audi’s Ingolstadt site is 

a pilot plant. The process – which encompasses programming, refitting and 

preparation of the printer – is still very time-consuming. Audi’s medium-term plan 

calls for reducing the time required, to make the printer a viable choice for 

production of small series components.  
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► The automobile of tomorrow: the Audi prologue piloted driving 

With the prologue piloted driving show car, Audi is showing the world what the 

future of mobility looks like: The 5.10-meter-long (16.7 ft) coupé represents the 

brand’s new design language and displays many innovations in the areas of 

connectivity, infotainment and user interface. What’s more, the concept car’s 

laser-matrix headlights and environment sensors show how the car of the future 

is increasingly becoming the passengers’ assistant. The show car is also the 

embodiment of the very latest technology in piloted driving.  

 

For years, the brand with the four rings has been synonymous with sportiness, 

lightweight construction and permanent quattro all-wheel drive.  

The Audi prologue piloted driving is now offering these progressive elements in a 

new form. Its balanced proportions put equal emphasis on both the front and rear 

wheels – a strong reference to the quattro DNA of Audi. The headlights with 

high-resolution matrix laser technology open up unprecedented design freedom 

while delivering entirely new lighting functions. 

mailto:elise.pham@audi.de
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The interior: architecture and operation are unified 

The architecture in the luxurious interior is perfectly unified with the new display 

and control concept, which completely does without switches, something entirely 

new. The digital instrument panel – the Audi virtual cockpit of the future – is 

equipped with high-resolution displays and three mirrors that convey information on 

a virtual stage with three levels. The front of the instrument panel encompasses 

three touch displays. On the console of the center tunnel, there is a fourth flexible 

touch display for climate control, handwriting input and other settings. This display 

consists of an extremely thin, bendable OLED film (OLED: organic light emitting 

diodes) and displays very sharp images that are rich in contrast. The front passenger 

faces his own widescreen display, integrated into the full surface of the instrument 

panel; it is used to operate the entertainment features with utmost convenience. 

And it also enables digital interaction with the driver. With a smartwatch app, the 

driver of the prologue can configure, open and start the car – and even maneuver 

when parking.  

 

State of the art: technologies for piloted driving 

The Audi prologue show car also embodies the very latest technology in piloted 

driving. A laser scanner, several video cameras, and ultrasound sensors and radar 

sensors mounted front and rear all interact for data capture. Based on the signals 

provided by the scanners, camera and sensors, the central control unit known as 

zFAS (zentrales Fahrerassistenzsteuergerät, central driver assistance control unit) 

calculates a comprehensive impression of the car’s perimeter and makes it available 

to all participating systems. Audi will launch its new piloted driving technologies on 

the market before the end of this decade. They can take control of the vehicle in 

certain situations if the driver desires. 

 

The drive train: power and efficiency 

The hybrid drive of the technical study impresses with its power and efficiency. The 

4.0 TFSI, a biturbo V8, works together with an e-motor whose energy comes from a 

compact lithium-ion battery. With a combined power output of 505 kW (687 hp) 

and 950 Nm of torque (700.7 ft), the two-door coupé sprints from 0 to 100 km/h 

(62.1 mph) in 3.5 seconds. Fuel consumption as measured under the New European 
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Driving Cycle is just 7.9 l/100 km (29.8 US mpg) on average. This is equivalent to 

CO2 emissions of 186 grams per kilometer (299.3 g/mi).  

 

Power is transferred to the quattro permanent all-wheel drive system by the eight-

speed e-tiptronic gearbox. The chassis is equipped with adaptive air suspension and 

dynamic all-wheel steering, combining high levels of comfort, dynamic performance 

and stability. 
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► Fuel consumption of the models named above  

Fuel consumption of the Audi A3:  
Fuel consumption combined in l/100 km: 8.30-1.5;  
CO2 emissions combined in g/km: 194-35  

Fuel consumption of the Audi A3 Sportback e-tron:  
Fuel consumption combined in l/100 km: 1.5;  
CO2 emissions combined in in g/km: 35 

Fuel consumption of the Audi A4:  
Fuel consumption combined in l/100 km: 10.7-4.0;  
CO2 emissions combined in g/km: 249-104  

Fuel consumption of the Audi A5:  
Fuel consumption combined in l/100 km: 10.7-4.2;  
CO2 emissions combined in g/km: 249-109  

Fuel consumption of the Audi A6:  
Fuel consumption combined in l/100 km: 9.6-4.2;  
CO2 emissions combined in g/km: 224-109  

Fuel consumption of the Audi A7 Sportback:  
Fuel consumption combined in l/100 km: 9.8-5.1;  
CO2 emissions combined in g/km: 229-135  

Fuel consumption of the Audi A8:  
Fuel consumption combined in l/100 km: 11.3-5.9;  
CO2 emissions combined in g/km: 264-144  

Fuel consumption of the Audi Q5:  
Fuel consumption combined in l/100 km: 8.5-4.9;  
CO2 emissions combined in g/km: 199-129 

Fuel consumption of the Audi Q7:  
Fuel consumption combined in l/100 km: 8.3-5.7;  
CO2 emissions combined in g/km: 193-149  

Fuel consumption of the Audi Q7 e-tron quattro:  
Fuel consumption combined in l/100 km: 1.7;  
CO2 emissions combined in g/km: 49 

Fuel consumption of the Audi TT:  
Fuel consumption combined in l/100 km: 7.5-4.2;  
CO2 emissions combined in g/km: 174-110  

Fuel consumption of the Audi R8:  
Fuel consumption combined in l/100 km: 14.9-12.4;  
CO2 emissions combined in g/km: 349-289  


