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Additive applications in the automotive industry are constantly evolving and it can be 

a challenge to keep up with the latest developments, achievements and trends. In this 

eBook, our focus is the intersection between automotive and additive, and our aim is to 

bring you up to speed on the current state of the segment. 

In this publication, we are excited to present an analysis of many of the largest AM users 

in the automotive industry, from BMW to Ford, diving into production scales, applica-

tions and more. We also feature several exclusive pieces, including a one-to-one with 

GM additive specialist Brennon White about the Cadillac CELESTIQ, which integrates 

over 100 3D printed components; an insightful interview with Dr. Erhard Brandl, Head of 

the Audi Additive Manufacturing Center; a visit to Magway, the electric, zero-emissions 

delivery system developer; an automotive case study from OECHSLER and TECHART; a 

deep dive into CRP Technology’s Windform applications for supercars; and much more. 

It’s an absolutely jam packed edition of our AM Focus eBook series and you don’t want 

to miss any of it!

Tess Boissonneault 

Editor in Chief, 3dpbm



Contents

The largest users of additive in the automotive industry

6ANALYSIS

A high-performance seating solution fit for the race track
16FEATURE

AM is (literally) driving the EV transition at Audi

36INTERVIEW

‘Tis the season of AM in Formula 1

44ZOOM

Magway pulls the future of transportation into the present

54FUTURE

GM takes 3D printing to new heights with Cadillac CELESTIQ
22INTERVIEW

Supercars and Windform RS: a match made in heaven

30FEATURE

Leading AM companies targeting automotive

60MAPPING



OCT 2022

Metal AM

In this eBook, we dive into the different corners of the 

metal AM segment, from metal binder jetting to large-

format AM, and beyond.

Metal AM
Insights

How the latest advancements are shaping the segment

October 2022

JUL 2022   

Sustainability
JUL 2022   

Software
SEP 2022   

AM Services

AM Sustainability
Insights

The time for a greener future is now

July 2022

AM Software
Insights

Putting the “digital” in additive mass production

August 2022

AM Service Bureaus
Insights

Pioneering digital AM mass production

September 2022

Recent Editions

https://www.3dprintingmedia.network/3dpbm-metal-am-focus-2022-ebook/
https://www.3dprintingmedia.network/3dpbm-am-services-focus-2022-ebook/
https://www.3dprintingmedia.network/3dpbm-am-software-focus-2022-ebook/
https://www.3dprintingmedia.network/3dpbm-am-sustainability-focus-2022-ebook/


Image: Stellantis



Taking a closer look at some of the biggest 
adoption cases around the auto industry, 

from prototypes to final parts

The largest users 

of additive in the 

automotive industry

ANALYSIS



In the Interview published in this issue, Dr. Brandl 

explains that the use of additive manufacturing in the 

automotive industry remains largely confined to pro-

totyping and tooling. Some small batch production 

does exist, especially in the luxury and motorsports 

segments, however this is limited to a few cases and 

a few hundred thousand parts at most, which, on a 

global level, represents but a miniscule fraction of 

automotive parts production. At the same time there 

are just as man y if not more prototype and tool-

ing (especially composite tooling) parts produced 

by additive manufacturing globally. These are high 

value parts, which already have enabled a revolu-

tion in terms of time to market, cost reduction and 

part optimization. 

After years of gradual adoption, this demand for 

additively manufactured prototypes and tools is now 

booming with most major OEMs, as well as some 

tier 1 and tier 2 suppliers, accessing AM technology 

both through service providers and internal additive 

manufacturing departments or center. This adop-

tion is driving sales of high-end systems and high 

value parts, thus generating important revenues for 

AM hardware and AM service providers catering to 

automotive industry needs. But the ultimate goal for 

automotive, and the only way to ensure exponen-

tial growth in AM adoption, remains the use of AM 

for mass production in digital and fully automated 

factories. With high-speed polymer technologies 

(both stereolithography and powder-bed) and new 

metal binder jetting technologies, this goal is a little 

bit closer today.

When it comes to understanding which automotive 

OEMs are already implementing additive and for 

which applications, we must reply primarily on pub-

licly disclosed information. Today BMW and VW are 

leading in terms of AM adoption and AM parts pro-

duced, with GM close behind and rapidly growing. 

Both German groups have presented case studies 

for batch production of several thousand part units 

as well as extensive and valuable applications of AM 

for prototyping and custom tooling, with the total 

number of parts produced to date estimated to be in 

the order of a few millions. GM has also presented a 

program for widespread AM adoption, reporting that 

as many as 30,000 prototypes are additvely manufac-

tured yearly at its main AM facility in Michigan. Other 

European and American automotive groups have also 

manifested their interest and use of AM while infor-

mation from large Asian automotive OEMs such as 

Toyota and Hyundai remains limited to a few, mainly 

exploratory AM applications and case studies.

BMW, Mini, Rolls Royce

AM parts: 2+ million to date

German company BMW, which owns the brands Mini 

and Rolls-Royce, has been a major adopter of AM 

since 2016 and is probably the largest adopter of 

AM technology for part production today. The com-

pany operates an Additive Manufacturing Campus in 

Oberschleissheim, just north of Munich, and also uses 

external suppliers for SLS and SLA parts. Partners 

include the Quickparts (formerly 3D Systems) on-de-

mand advanced AM center near Turin in Northern 

Italy. BMW has invested in several AM companies, 

including Carbon, Desktop Metal and on-demand 

manufacturing service Xometry. Other AM partners 

include HP, Carbon and EOS.

BMW was the first carmaker to 3D print a production 

run of several thousand metal parts: a 3D printed fix-

ture for the soft top of the BMW i8 Roadster, printed 

using aluminum PBF. In 2018, BMW announced it 

had printed over a million parts over the previous 10 

years. More than 200,000 of those were reported in 

2018, which was over 42% more than in 2017. In the 

past, BMW’s MINI brand tested the use of 3D print-

ing for mass customization, employing polymer PBF 



technology in the MINI Yours Customized program, 

which allowed customers to design certain auto-

mobile components themselves. The program was 

discontinued but the use of AM has continue to 

grow as luxury brand Rolls-Royce, has been using 3D 

printed parts on Phantom, Dawn and, most recently, 

vehicles. As of 2020, the Rolls Royce phantom inte-

grated more than 10,000 AM parts.

In 2022, IDAM (Industrialisation and Digitalisation of 

Additive Manufacturing for automotive series pro-

cesses), a 12-memeber project consortium funded 

by the German Federal Ministry of Education and 

Research (BMBF) and led by the BMW Group 

(launched in 2019) presented its successful implemen-

tation at the BMW Group Additive Manufacturing 

Campus in Oberschleißheim, where a digitally con-

nected, fully automated 3D printing production line 

has been set up and prepared for automotive stan-

dard production. An additional line is located at the 

firm GKN Powder Metallurgy in Bonn. Around 50,000 

components per year can be manufactured cost-ef-

fectively in common part production, as well as more 

than 10,000 individual and new parts, by means of 

3D printing using Laser Powder Bed Fusion (LPBF)

VW, Audi, Lamborghini, Porsche

AM parts: 1+ million to date

The Volkswagen Group, the German automotive 

company whose subsidiaries include Audi, Lam-

borghini, Porsche and several other recognizable 

brands, is one of the largest adopters of addi-

tive manufacturing for production. Volkswagen, 

the primary VW Group brand, is now looking at 

HP’s high-productivity binder jetting technology 

for its mass-produced vehicles. Most of Volkswa-

gen’s additive manufacturing activities happen 

at the automaker’s state-of-the-art 3D Printing 

Center in Wolfsburg.

Volkswagen has been using 3D printing for 25 years, 

starting in Technical Development with the goal 

of accelerating vehicle development and reducing 

“ The Volkswagen Group, the Ger-

man automotive company whose 

subsidiaries include Audi, Lam-

borghini, Porsche and several oth-

er recognizable brands, is one of 

the largest adopters of additive 

manufacturing for production.”
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costs and more than one million components have 

been produced as of 2021. Today, there are 13 

units at the Wolfsburg plant using various printing 

processes to manufacture both plastic and metal 

components. Typical examples are plastic compo-

nents for prototypes such as center consoles, door 

cladding, instrument panels, and bumpers. Printed 

metal components include intake manifolds, radi-

ators, brackets, and support elements. Over the 

past 25 years, more than one million components 

have been produced.

The group relies on this center to test and learn about 

AM technologies, while also conducting some tool-

ing and final part production. Production of larger 

batches is generally carried out through partnerships 

with external AM services. In late 2018, an Additive 

Industries MetalFab 1 system was installed at the site 

to 3D print advanced tooling and spare parts.

By 2025, the aim is to produce up to 100,000 

components by 3D printing in Wolfsburg each 

year. The first components made using the binder 

jetting process have gone to Osnabrück for certi-

fication: components for the A-pillar of the T-Roc 

convertible. These weigh almost 50 percent less than 

conventional components made from sheet steel. 

This reduction alone makes the process especially 

interesting for automotive production applications. 

Volkswagen has already successfully conducted 

crash tests on 3D-printed metallic vehicle compo-

nents. Until now, the production of larger volumes 

was not cost-effective enough. However, the new 

technology and the collaboration will now make pro-

duction-line use economically viable.

AM is regularly used by VW’s luxury brands. Audi 

is using SLM Solutions’ PBF technology to produce 

spare and serial parts, amongst other endeavors; 

Porsche — which in 2017 invested in Markforged 

— uses 3D printing to create replacement parts for 

BMW has been a major adopter of additive manufacturing since 2016, operating an 

AM Campus in Oberschleissheim and working with several external suppliers

Image: BMW Group



classic cars like the Porsche 959; and Bugatti has 

worked with SLM Solutions on serial production and 

with APWORKS on several parts for Bugatti hyper-

cars (Bugatti has since been acquired by Rimac)

Also owned by the Volkswagen Group, luxury Ital-

ian carmaker Lamborghini is a long-time user of 

Stratasys FDM and PolyJet technologies for proto-

typing and tooling. In 2019, Lamborghini partnered 

with Carbon to leverage Digital Light Synthesis 

(DLS) technology.

Carbon technology was used to produce end-use 

components, including a textured fuel cap and clip 

for an air duct, for Lamborghini’s Urus SUV and air 

vents on the Sián FKP37, a vehicle designed to offer 

a wide range of user customizations. With the Sián 

air vents, Lamborghini reduced its part lead time by 

12 weeks by moving swiftly from design to produc-

tion directly on the Carbon Platform.

The automotive company celebrated AM by lending 

a real Lamborghini Aventador to a father-and-son 

design duo who built a 3D printed replica of the styl-

ish sports car. Lamborghini covertly “swapped” the 

printed replica with the real deal as part of its Christ-

mas 2020 marketing campaign.

Buick, Cadillac, Chevrolet, GMC

AM parts: 1+ million to date

General Motors, the American corporation behind 

Buick, Cadillac, Chevrolet and GMC vehicles, con-

ducts AM activities in various locations around the 

world. GM was one of the very first adopters of 

stereolithography and for over a decade has been 

using industrial SLA and filament extrusion technol-

ogies for parts and tooling. Today, the core of GM’s 

AM research is the Warren Tech Center in Michigan, 

where over 30,000 prototypes are produced yearly. 

Production AM is also starting to scale through a 

collaboration with external 3D printing service pro-

viders such as GKN. In 2022, GM partnered with 

GKN Additive Forecast 3D to quickly print 60,000a 

flexible “spoiler closeout seal” for the 2022 Chevy 

Tahoe. The parts components were using a flexible 

material that met General Motors’ criteria – using HP 

Multi Jet Fusion 3D printers. GKN engineers then 

used a process called ‘vapor polishing’ to give the 

parts a perfect shine. GKN Additive Forecast 3D 

delivered the parts in just five weeks – less than half 

the time it would have taken to create the seals using 

injection molding.

Previously, GM’s most relevant production appli-

cation case was conducted in collaboration with 

Autodesk in 2018, when the two firms produced a 

generatively designed seat bracket. The steel 3D 

printed bracket was 40 percent lighter and 20 percent 

stronger than the standard part, and GM used the 

experiment to predict that up to 100 parts could be 

suitable for cost-effective AM production.

In 2022, Cadillac’s introduction of the new 2022 

CT4-V Blackwing and CT5-V Blackwing marked the 

revival of one of the most popular features for driv-

ing enthusiasts – the manual transmission. These 

manual transmissions were produced using new 

additive manufacturing applications that will bring 

3D printed parts into the upcoming ultra-high-per-

formance sedans.

The American car manufacturer is now fully embrac-

ing AM. So much so that its latest concept EV, the 

Cadillac CELESTIQ project, features 115 3D printed 

parts than any other GM vehicle. Additively manufac-

tured parts include the steering wheel center, which is 

the largest metal part GM has printed in production, 

combining the show surface and the structural B-side 

of the part. Another 3D printed part is the seat belt 
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adjustable guide loop, which is GM’s first safety-re-

lated 3D printed part.

Other 3D printed parts include: window switches, 

grab handles, console decor and structural pieces 

under the vehicle’s surface, which contribute to 

making this pioneering car one of the world’s first 

all-electric ultra-luxury sedans utilizing innovative 

technology in the service of personalized, handcrafted 

artistry. In particular, the steering wheel decor would 

be impossible to create with typical metal castings 

and CNC milling. GM continues to work with GKN on 

the industrialization of HP Metal Jet technology for 

part production, and is conducting extensive work on 

the industrialization of metal PBF processes, including 

separate collaborations with Italian service pro-

vider Beam-IT and GE Additive. In the past GM also 

implemented AM to create tools used during automo-

tive production, and to customize decorative elements 

for one-off buyers. Notably, the company has also 

worked with Michelin on Uptis, a concept for an air-

less, 3D printed, fully recyclable car tire.

Mercedes-Benz, Smart, AMG,  

Maybach, Daimler Buses

AM parts: 500,000+ to date

Daimler, the German automotive corporation that 

owns Mercedes-Benz, Smart and other brands, uses 

AM for many production parts. Since 2017, Daim-

ler has worked with EOS (and other partners) on the 

NextGenAM project, developing a workflow for 

The Mercedes-Benz Group, which comprises Mercedes-Benz, Smart, AMG, 

Maybach, and Daimler Buses has printed over half a million parts to date.

Image: Mercedes-Benz Group



the industrialization of metal PBF technology for 

large-scale serial automotive manufacturing. The 

NextGenAM platform is already being utilized for 

the production of truck parts, and its potential is 

being evaluated for the production of car and elec-

tric car parts. 

In its commercial vehicles segment, Daimler has fully 

integrated AM into development and series pro-

duction, and has developed 3D printing innovations 

for Daimler Trucks & Buses in an extremely short 

period of time by way of Group-wide research and an 

advanced development project. Other Daimler com-

panies are currently working on serial part production 

via AM, with a focus on spare parts and the digitiza-

tion of part inventory. Daimler Buses uses polymer 

SLS technology to produce spare parts. Additive 

Manufacturing Solutions, a consultancy and 3D print-

ing company within Daimles Buses, has identified 

over 7,000 spare parts that can benefit from AM and 

is currently evaluating over 300,000 more parts for 3D 

pritnign via its 3D Printing Center of Competence. 

Most recently, the Mercedes presented the VISION 

EQXX concept. The vehicle’s entire rear subframe, 

which the company refers to as BIONEQXX, is built 

by consolidating over 70 parts into a single, bionically 

engineered, optimized aluminum cast. To produce 

the BIONEQXX part, which is the largest aluminum 

cast ever made by Mercedes, the company used a 

giant 3D printed sand mold that was likely created 

using an internal voxeljet machine. Yet other parts, 

even smaller ones such as the suspension mount, 

were also cast from a 3D printed mold.

While that may be the most impressive, it is not the 

only part created with 3D printing. Other parts, such 

as a frame for the windscreen wiper motor were gen-

eratively weight-optimized and 3D printed directly 

in metal, getting the weight down from 2Kg to 200 

grams. This process, which the company refers 

to as BIONICAST, is a Mercedes-Benz registered 

trademark applied to structural castings engineered 

according to the principles of nature. The bracket car-

rying the windscreen wipers of the VISION EQXX is 

designed using principles of bionic engineering.

FCA, PSA, Ferrari, Alfa Romeo, Lancia, Iveco, Chrys-

ler, Dodge, Jeep, Peugeot, Citroen, DS Automobiles

AM parts: 500,000+ to date

The Stellantis group was formed in 2021 on the 

basis of a 50–50 cross-border merger between the 

Italian-American conglomerate Fiat Chrysler Auto-

mobiles and the French PSA Group. The FCA (Fiat 

Chrysler Automotive) Group was itself formed by 

the merger between the Italian Fiat Group, which 

includes the brands Ferrari, Alfa Romeo, Lancia 

and Iveco, and the American group Chrysler, which 

includes Dodge and Jeep. Fiat was Italy’s first adopter 

of 3D printing for prototyping, and FCA’s activities 

are mainly concentrated in the Fiat Design for Addi-

tive Program at the company’s factory in Turin.

PSA’s brands include Peugeot, Citroën, DS, Opel 

and Vauxhall and its additive activities have revolved 

around custom parts and accessories for the DS and 

Peugeot lines of products. PSA was also an early 

Many Stellantis companies, including Jeep and Fiat, have 

been ardent adopters of AM for automotive applications.

Image: Stellantis
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investor in Divergent, setting in place a collaboration 

with the 3D printed hypercar company to develop a 

new method for mass-producing more efficient cars 

using AM. Divergent has been using (and co-develop-

ing SLM Solutions’ largest format metal PBF systems 

(the NXG series).

Both Jeep and Fiat use HP Multi Jet Fusion tech-

nology for serial production. Jeep says it uses the 

technology for an average of four to five print jobs per 

week, while Fiat relies on external service providers, 

such as Quickparts, for short SLA and SLS produc-

tion runs. Ferrari and Alfa Romeo are generally quiet 

on their own use of AM, however the Ferrari F1 team 

recently revealed it had made massive use of AM for 

the 2022 racecar’s ICE power unit.

Just last month, the Stellantis group, via the PSA 

division, presented the new PEUGEOT INCEPTION 

CONCEPT, which is meant to embody the Brand’s 

vision for future electric vehicles. The vehicle fea-

tures dozens of innovative technologies, including a 

3D printed cockpit and revolutionary interior design 

featuring the use of innovative 3D printing on textile 

technology, and was a collaboration between Strata-

sys (3DFashion) and Peugeot.

Ford, Lincoln

AM parts: 500,000+ to date

  American carmaker Ford has, more than any other 

automotive company, conducted extensive practical 

research in AM industrialization, focusing primarily on 

polymers and composites. Most of its AM activities 

take place at its new Advanced Manufacturing Center 

in Redford, Detroit, where the company operates 

30 industrial-grade 3D printers from Stratasys, HP, 

Carbon, EOS, Desktop Metal and SLM Solutions.

The Redford facility is leveraging Carbon’s digital 

light synthesis technology to produce digitally manu-

factured, end-use parts, including heating, ventilation 

and cooling (HVAC) lever arm service parts for the 

Ford Focus; auxiliary plugs for the Ford F-150 Raptor; 

and electric parking brake brackets for the Ford Mus-

tang GT500. Elsewhere, Ford’s Michigan Assembly 

Plant utilizes five different 3D printed tools to build 

the Ranger pickup, helping to reduce time-to-market. 

In total, Ford operates almost 100 3D printers glob-

ally and has 3D printing capabilities in over 30 plants 

around the world.

After leading a $65 million investment round, Ford 

recently became one of the first adopters of Desktop 

Metal’s Studio System and Production System in its 

Research and Advanced Engineering Organization in 

Michigan. In 2020, Ford became one of the key initial 

customers for the P-1 Production System metal binder 

jetting 3D printer and is a long standing customer of 

ExOne’s sand binder jetting systems (ExOne and DM 

have now merged into a single entity). Another recent 

development saw Ford offer the possibility to down-

load and 3D print customization parts for its Ford 

Maverick pickup. ●

David Jacek, AM technician, 3D prints a part 

at Ford’s Advanced Manufacturing Center

Image: Ford
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OECHSLER and TECHART develop 

high-performance, customizable 3D print-
ed seating for Porsche race cars.

A high-performance 

seating solution fit 
for the race track

FEATURED

In partnership with

https://www.oechsler.com/en/


For over thirty years, German company TECHART 

Automobildesign GmbH has provided its services to 

Porsche customers, developing and implementing 

customized solutions and upgrades for the high-per-

formance vehicles. From personalized upholstered 

steering wheels, to aerodynamic spoilers, to custom 

wheels: the company has built a solid reputation by 

taking Porsche models to the next level in terms of 

both style and performance. 

In its ongoing exploration of automotive customi-

zation, TECHART recently teamed up with polymer 

manufacturing specialist OECHSLER to design and 

bring to life a new seating solution for the luxury 

vehicle brand. In the partners’ words: they wanted 

to come up with “the sports car seating experience 

of the future”. We’re here to tell you that they have 

succeeded in this mission. Using a combination of 

more traditional processes and AM, TECHART and 

OECHSLER have created a seating solution that offers 

lightweight properties, breathability, temperature 

control and optimized damping properties. To top it 

off, the 3D printed seat looks—in a word—awesome.

The ideal production partner 

Our readers are doubtlessly familiar with OECHSLER. 

The Germany-based turnkey production partner 

been around for over 150 years and has extensive 

experience in both the automotive and additive 

manufacturing worlds. While much of its production 

capability is focused on injection molding polymers, 

the company’s stake in AM has grown substantially 

over the years, and it has aligned itself with polymer 

3D printing companies excelling at series production, 

such as Carbon and HP. 

OECHSLER and TECHART’s seating solution integrates 3D 

printed lattices that reduce seat weight by 20%.

Image: OECHSLER & Techart



In recent years, we’ve seen the company work on 

some boundary pushing AM-enabled consumer 

designs, such as a one-of-a-kind 3D printed back-

pack, consolidated ski goggles, a high-performance 

bike saddle and more. OECHSLER also partnered 

with Carbon on what is one of the world’s largest 

polymer-based additive series production facilities. 

It is no surprise therefore that TECHART found in 

OECHSLER a production partner that was up to the 

task of reinventing the seat. The companies com-

bined their respective engineering teams to develop 

the cutting-edge 3D printed seating product, and did 

so at an impressive rate. It took only four months to 

bring the product from concept to reality.

Connection point

There is a lot to think about when designing a car 

seat. After all, the structure is the main physical inter-

face that connects the driver’s body to the vehicle. 

This is true for all types of drivers, but particularly for 

sports and race car drivers, who are intended to be 

“at one” with the vehicle. And a car seat has to be 

many things: comfortable, supportive and breathable 

for the driver, as well as lightweight for the sake of the 

vehicle’s performance. TECHART and OECHSLER 

were able to utilize 3D printing and a unique lattice 

structure to strike a balance between all of these 

properties, all the while maintaining key customiza-

tion capabilities. 

The main challenge that the partners faced was in 

developing a seat that met the performance require-

ments of the race track, particularly in terms of 

damping properties. As OECHSLER writes: “whether 

it’s sports cars, trucks, or passenger cars, differ-

ent areas within the seating solution require distinct 

damping properties, whereas racing cars demand 

tougher structures to counteract centrifugal forces.”

To achieve this, OECHSLER’s engineering team 

started by generating pressure maps based on body 

geometries. These pressure maps were then con-

verted into lattice structures and extensively tested 

using both digital simulation and functional testing. 

The printable lattice design is freely programmable, 

with adjustable geometry, thickness and cell size, 

and has been optimized to reduce pressure points 

at load peaks. 

Size was also a key consideration. The interior of 

a race car or sports car is far more compact than 

your standard sedan, which means that the seat 

design must have a smaller footprint. By leverag-

ing advanced lattice structures and layering them in 

specific ways, the partners were essentially able to fit 

more into a smaller space, achieving a range of damp-

ing properties within a more compact seating pad. 

Moreover, thanks to the hollow nature of the lat-

tices, with empty spaces between the various cells 

and layers, OECHSLER and TECHART were able to 

reduce the weight of the seat substantially. In more 

specific terms, the 3D printed lattice seat weighs 20% 

less than a more traditional foam upholstered seat. 

OECHSLER’s signature air-permeable comfort layer 

also improved seat ventilation and breathability. Pas-

sive cooling tests performed at OECHSLER’s quality 

The seat was designed for comfort, breathability, 

and performance on the race track.

Image: Image: OECHSLER & Techart
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center demonstrated how the 3D printed lattice 

pad dissipates heat seven time more than automo-

tive foam, resulting in a temperature drop of 3 to 5 

°C. The result is a more comfortable driving experi-

ence, with less heat and humidity building up along 

the driver’s back.

Don’t forget the customization

Keeping in line with TECHART’s philosophy, the 

3D printed seat can be customized. As the part-

ners explain it, the seat consists of a shell and 

six 3D printed pads (including a headrest, thigh-

pads, and cushioning). These are mounted on a 

Recaro Podium base and then upholstered with 

high-performance perforated leather at TECHART’s 

saddlery in Germany. 

The customization comes in with the 3D printed pads, 

which can be easily removed and exchanged to meet 

different driver dimensions, preferences and more. 

The covers on the 3D printed pads also integrate win-

dows so that the lattice structure underneath can be 

seen. The lattice itself is visually very interesting, so 

having a glimpse of it adds something special to the 

seat. Customers can also choose from a selection of 

colors for the internal lattice for an added touch of 

aesthetic customization.

The 3D printed seat padding is itself made from a 

flexible material: BASF Forward AM Ultrasint TPU01. 

The powder material was engineered specifically 

for HP’s 5200 series Multi Jet Fusion 3D printers 

and offers excellent flexibility and shock absorp-

tion. These properties, combined with the material’s 

The lattice component is made using BASF Forward AM Ultrasint 

TPU01 and was 3D printed on HP’s 5200 series MJF system.

Image: Image: OECHSLER & Techart



durability and good surface quality, made it the ideal 

candidate for TECHART’s seat padding.

“Together with OECHSLER we are researching and 

developing new ways to enhance the sports car seat-

ing experience of the future,” says Tobias Beyer, CEO 

of TECHART Automobildesign GmbH. “3D printing 

technology in our sports car seats enabled maximum 

TECHART individuality and comfort encapsulated in 

a lightweight structure—a perfect match for perfor-

mance-oriented Porsche drivers.”

A superior seating solution

In the end, OECHSLER and TECHART succeeded 

in bringing a new seating concept to life, and in 

record time. It took only four months to go from 

the beginning of their partnership to the final prod-

uct. OECHSLER, as we’ve seen, prides itself on its 

hands-on approach as a production partner as well 

as on having local manufacturing capabilities, both 

of which contributed to an accelerated product 

development cycle. 

The lattice seat padding is manufactured at 

OECHSLER’s global AM hub in Germany using its 

fleet of HP Multi Jet Fusion machines. The center 

itself houses 150 3D printers which enable it to pro-

duce 1.3 million parts per year. The company is 

also reportedly preparing to launch an automated 

post-production workflow (including unpacking, 

powder removal, blasting and vapor smoothing) to 

further optimize its production. 

Max Lehnert, Program Manager at OECHSLER, com-

ments: “Additive manufacturing complements our 

conventional production technologies to enable 

product features in seating applications that have not 

been possible yet and sets new time to market stan-

dards throughout various supply chains.”

Going forward, TECHART and OECHSLER will main-

tain and even strengthen their partnership, continuing 

the production of the lightweight, high-performance 

seat and working to develop new customizable solu-

tions for high-performance vehicles. ●

“ Together with OECHSLER 

we are researching and de-

veloping new ways to en-

hance the sports car seating 

experience of the future. ”
TOBIAS BEYER, CEO OF TECHART AUTOMOBILDESIGN GMBH
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An exclusive interview with Brennon White, 
Technology Specialist, Additive Design 

and Manufacturing, General Motors

INTERVIEW

GM takes 3D printing 

to new heights with 

Cadillac CELESTIQ



General Motors has come a long way since its begin-

nings over a century ago but one thing has remained 

constant: its innovative and trailblazing spirit. Over 

the years, the company has demonstrated its commit-

ment to not only staying on top of automotive trends, 

but also pioneering them. In 1920, the company 

developed a game-changing lacquer paint system 

for cars, which successfully cut production times 

from weeks to less than a day. In 1963, the company 

invented the first emissions control device, which 

quickly became standard across the automotive 

industry. In the 1970s, GM became the first company 

to install life-saving airbags in its vehicles. The list 

goes on. And today, GM’s mission to push the auto-

motive industry ahead continues. Perhaps nowhere 

is this more evident than when we look at the compa-

ny’s innovative and boundary-pushing use of additive 

manufacturing, not only in product development and 

manufacturing, but also production. 

3D printing has been on General Motors’ radar since 

the late 1980s as a rapid prototyping solution, and in 

recent years, the company’s exploration and pro-

duction adoption of various additive manufacturing 

processes has really taken off. You only have to look 

at one of the company’s latest vehicles, the Cadillac 

CELESTIQ, to understand how far it’s come. The new 

car, reportedly “the most technologically advanced 

Cadillac ever”, is described as a “handcrafted, 

all-electric, ultra-luxury flagship” vehicle. Not only 

that, it includes over one hundred 3D printed produc-

tion components.

The Cadillac CELESTIQ integrates 115 metal and 

polymer 3D printed components, including a metal 

laser powder bed fusion (LPBF) steering wheel trim, 

3D printed window switches, grab handles, decora-

tive parts, and structural seatbelt D-rings, which holds 

the title of being GM’s first 3D printed safety-related 

The Cadillac CELESTIQ integrates 115 metal and 

polymer 3D printed components.
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part. It’s no surprise that the new low-volume vehicle 

represents the broadest integration of 3D printed pro-

duction parts for GM. And we wanted to understand 

how the company got there; how it has pursued AM so 

successfully and where it’s going with the technology.

Brennon White, Technology Specialist in Additive 

Design and Manufacturing at General Motors,  has 

generously filled us in on how additive manufactur-

ing fits into GM’s larger vision and how it is helping 

to shape the company’s vehicle development 

and production. 

A company-wide effort

Brennon White has over two decades of experience 

in the automotive industry. He spent years working at 

a Tier 1 supplier specializing in seat work, where he 

became interested in the potential of additive manu-

facturing. From there, he joined GM in 2015, where he 

carried along his strong interest and belief in the tech-

nology. “At GM, I started out in the seating group. 

While I was there, I started doing this kind of grass-

roots work to figure out what the structure for AM was 

at GM,” he explains. “And I started running into other 

people that were doing the same thing. Eventually 

leadership got wind of what we were doing and from 

there we put a group together.” 

That was five years ago. Today, this AM group has 

not only helped to spread awareness of the technol-

ogy across GM’s various divisions, it has made real 

breakthroughs with how the manufacturing process is 

used. “It started with us trying to change the way we 

were thinking about additive at GM and evolved into 

actually trying to change the way we were looking at it 

from a production standpoint,” Brennon adds. “From 

thinking about how to industrialize the technology to 

now starting to get our stride and push the AM indus-

try into doing things a little bit more aligned with what 

automotive needs are. That’s been our journey and I 

love it: it’s what I’m here to do, and we’re starting to 

do some really cool things.”

According to Brennon, GM on the whole has been 

incredibly receptive to additive manufacturing as a new 

production methodology, and the broad support his 

AM group has received has been vital to its success. 

“For a company to really make good headway with 

applying AM, it’s critical that all levels of the company 

can have ownership of it. We have great benefactors 

at the executive level, all the way up to President Mark 

Reuss. For example, when we launched the CELESTIQ 

recently, he spoke about AM and he was beaming from 

ear to ear. It’s a cool technology, and the company 

knows we can do more with it than what we’re doing 

today. So we have that support.

“It goes even deeper than that: you need leadership 

that will really absorb and understand additive in order 

to really challenge teams to think about it as a viable 

solution,” he continues. “Our chief engineer Tony Roma 

is awesome on this front. He always refers engineers to 

me and my team to see if additive could be a beneficial 

solution and the right way to go.” In other words, AM is 

kind of always on the table as a potential solution. GM’s 

additive group works closely with production and man-

ufacturing teams to identify where the technology can 

offer economic and performance benefits. 

The Additive Industrialization Center at General 

Motors Tech Center in Warren, Michigan.

Image: GM
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The economics of it all

The Cadillac CELESTIQ is a testament that this 

close-knit dynamic is working. By combining the 

efforts of various departments and leveraging 

the knowledge of the AM group, the automotive 

giant has come up with a very exciting new vehicle 

that is electric and, most importantly, low volume. 

This aspect of the vehicle is central to its suit-

ability for AM. 

“One of the biggest challenges with additive man-

ufacturing is finding a good economic alignment 

between the technology and its utilization,” Bren-

non explains. “There are so many things outside 

of the manufacturing itself that you have to think 

about, like overhead, program management costs, 

and more. When you’re producing at a high volume, 

those costs are amortized. But at low volumes, like 

what we’re doing on the CELESTIQ, those costs can 

become a very big piece of the pie.”

Additive provides an opportunity to achieve low 

volume while circumventing many of these costs. 

“At GM, we tend to look at the economics first and 

if they pass the sniff test, we can go fully into using 

additive,” he says. “On the CELESTIQ we have 115 

parts made using additive. We have metals (alumi-

num and stainless steel) and polymers (including 

two types of nylon and polypropylene). Those differ-

ent materials and the processes that we’re using to 

make them align with our economics.”

Of course, additive doesn’t only have economic 

advantages when we’re talking about low-volume 

production scales. In some cases, it’s the perfor-

mance benefits that tip the scales in AM’s favor. “We 

have found parts that can really only be made using 

additive, and we pay more money for those. The 

CELESTIQ steering wheel trim is an example of this. 

The parts aren’t cheap, but there’s no better way to 

make them. We looked at multiple different ways of 

manufacturing the solid metal steering wheel trim and 

at the end of the day, AM provided a solution that the 

others couldn’t.”

There are even parts that at first don’t seem to have 

economic advantages but then upon closer inspec-

tion start to make more sense from a cost perspective. 

“In the polymer space, we’ve found components that 

initially don’t make sense when we look at the eco-

nomics, but after discussing with the program team, 

we’ve come to a different conclusion,” he elaborates. 

“They’ve told us that they would be scrapping the 

tool because a particular part is expected to change, 

so we have to account for the cost of two tools. After 

that, the economics worked out for AM. So we’re 

taking a holistic look to make sure we’re making the 

decision based on multiple factors, not just the short-

term economics.” 

The AM technologies behind 

the new CELESTIQ

While GM uses a wide array of additive processes 

across its business, there are a few specific processes 

that have really excelled for the company’s production 

applications: metal binder jetting, metal LPBF, and 

HP’s Multi Jet Fusion.

“The decorative metal parts in the CELESTIQ are 

mostly made using binder jetting,” Brennon says. 

“That technology allows us to get a better cost 

dynamic. Here, post-processing has been really key 

because that part has to look great. We have also 

designed a D-ring for the safety belts of the front 

row drivers. When we first started looking at them 

we identified AM as the best way to make them, and 

throughout their development we have been able to 

open up many more opportunities thanks to additive. 

“For one, we found that the part it was replacing was 

actually part of an assembly consisting of a lot of dif-

ferent components. We were able to redesign the 



part and consolidate five pieces down to one. The steel 

material we were using was really strong and dense, 

so we were also able to integrate some hollow fea-

tures to keep the mass down. In short, Brennon and his 

team were finding ways to use AM that had not initially 

occurred to them to enhance the part’s performance 

and manufacturability. 

The CELESTIQ steering wheel trim, for its part, is made 

using metal laser powder bed fusion. GM opted to 

use this process due to its dimensional fidelity and size 

capacity. “The size of the part somewhat helps to dic-

tate that process we use,” comments Brennon. “Those 

steering wheel trim parts are so big that metal LPBF 

was really the only process that would work properly. 

Not to mention, it was suitable for achieving the fidel-

ity we needed for the components. The back of the 

steering wheel has features that go in all different 

directions, so making a die for it was impossible.”

If we turn to look at polymers, the CELESTIQ inte-

grates a variety of printed parts made using HP’s MJF 

platform. “The MJF process offers an important bal-

ance of mechanical functionality and economics for 

vehicle components,” he adds. 

That’s not to say there aren’t challenges with the 

technology. “One obstacle throughout the entire AM 

industry is a lack of automotive grade impact-capable 

materials. We had additional opportunities to use AM 

on the CELESTIQ, however, the material performance 

The metal seat belt D-ring on the Cadillac CELESTIQ is 

GM’s first safety-related 3D printed part.
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just wasn’t aligned with our quality standards. This 

desire for higher performance materials is shared with 

others in the auto industry, and captured in the United 

States Council for Automotive Research (USCAR) AM 

roadmap.” The other big challenge is size, particularly 

in the sphere of polymer AM. “If the print chamber 

is too small for a part, then we have to get into sec-

ondary processes, like assembly, which causes many 

different challenges from a dimensional standpoint 

and a joint performance standpoint, as well as from a 

visual quality perspective.” The need for secondary 

post-processing is also a challenge with metal AM.

Brennon elaborates: “We’re having to do a tremen-

dous amount of work on the post-processing side. 

There are standard solutions that are on the market 

today, but they add costs and lengthen the logistics 

chain, which starts to diminish the benefits of AM, so 

we’re always looking for better solutions.”

A multi-facility operation

You might be wondering how GM’s additive produc-

tion functions: where are parts developed, where are 

they made? As you’d expect, the company has various 

different facilities, each of which has its own specialty. 

“We have an R&D facility that does alloy development 

and a few other specialty things,” Brennon explains. 

“We’ve got a design fabrication operation that does 

rapid prototypes that help support the design organi-

zation. We’ve got a facility for teaching our thousands 

of engineers how to think about and use AM. And 

AM enables intricate designs on the CELESTIQ’s aluminum steering wheel trim. This is the largest 

metal part GM has printed in production, combining the show surface and the structural B side.
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then we’ve got our group facility, the Additive Indus-

trialization Center (AIC).” 

The AIC spans over 15,000 square feet and was first 

opened in 2020 with the goal of industrializing addi-

tive manufacturing in the automotive segment by 

“pushing the machines to the limit” and working 

with 3D printer OEMs to improve their systems for 

automotive needs. 

At the Global Technical Center in Warren, Mich., 

where the CELESTIQ is being made, additive manu-

facturing has also found an important role. Production 

3D printed parts are being shipped in for assembly 

and a variety of AM tools are utilized to assemble and 

produce this bespoke vehicle. 

At GM, the future of 

automotive is additive

With the Cadillac CELESTIQ expected to go into pro-

duction in December 2023, the future for additive 

within automotive production seems bright. Brennon 

agrees. “I see a lot of opportunities. At GM, we are 

trying to help the AM industry appreciate the things 

we’re going to need in the future, and I see growing 

adoption of the technology. I see more production 

utilization and I see AM aiding more in pre-produc-

tion operations. 

“In our journey so far, we’ve mostly been focused on 

finding applications and figuring out how to make 

them work. Now, we’re at a point where we’re start-

ing to standardize a lot of these learnings so that we 

can apply them to other applications and products. 

We have other vehicles and products—like low-vol-

ume variants and trim levels—where we can take what 

we learned from the CELESTIQ and translate and 

implement it in a much more efficient methodology.” 

Brennon also believes that additive will pave the way 

for more low-volume opportunities in the automotive 

industry. “I see us getting better at being able to do 

low volume and we are continually looking for more 

transformative applications. There is a lot of space 

for leveraging the power of AM, especially as we 

approach the broad use of technologies like batter-

ies and autonomous vehicles, which might require a 

higher performance part compared to what we used 

for combustion engines. Additive is going to help us 

a lot in this space and I am already seeing significant 

opportunities as we dig into that area.”

If we turn quickly to the topic of mass production, GM 

is also making good progress. “There is a place for 

AM in mass production, especially for smaller parts,” 

Brennon says. For example, GM recently printed 

60,000 units of a polymer seal for its SUV trucks. 

These parts functioned as a bridge solution and 

enabled the company to meet its production sched-

ule without delays. “We were able to hit 60,000 parts 

within a couple of weeks and we didn’t stall produc-

tion at all. Those bridge solutions are something we 

see as a viable solution going forward, especially if we 

can get the mechanical properties we’re looking for. 

It also makes us more agile and more adaptable as 

an organization.”

Ultimately, the CELESTIQ represents a culmination 

of hard work and a genuine curiosity about how to 

implement additive in beneficial ways. But the vehicle 

also represents a sort of beginning, showcasing that at 

GM, additive has undoubtedly arrived. 

“I’ve been very happy with the way that GM has let 

our group play,” Brennon concludes. “And I say play 

because we’re all enthusiasts: we’re learning from 

each other, we’re developing technologies at an 

incredible pace, and I feel like we are getting to a 

place where not only do we understand that we’re 

going in the right direction, but we’re honing in on 

making something that’s really going to change how 

we do business in the future.” ●
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Leading sports car brands are turning to 

CRP Technology’s Windform RS, a car-
bon-fiber-filled composite for high-perfor-
mance components

Supercars and 

Windform RS: a match 

made in heaven

FEATURED

In partnership with

https://www.crptechnology.com/


What do Ferrari, Lamborghini, Maserati, Dallara, 

Ducati and Pagani have in common? Yes, they are all 

Italian car brands. But more than that, they all come 

from the same part of the country, the Emilia-Ro-

magna Region, also fittingly known as Motor Valley. 

Since 1996, Motor Valley has also been home to 3D 

printing company CRP Technology, which has closely 

aligned itself and its unique range of high-perfor-

mance composite SLS materials with the local (and 

global) automotive industry, playing its part to shape 

the future of high-performance vehicles.

CRP Technology has carved out a specific niche 

in the additive manufacturing world, develop-

ing a range of high-performance composite SLS 

materials—marketed under the Windform brand—and 

providing professional 3D printing services to custom-

ers in the aerospace, medical, UAV, motorsport and 

automotive industries. Our focus in this article is, as you 

may have guessed, the latter. 

The company has deep ties to the automotive sector. 

Beyond being based in a world-famous automotive hub, 

CRP has provided 3D printing services to automotive 

clients from its facilities in Modena, Italy, Mooresville, 

North Carolina and Dubai. Understandably, CRP cannot 

disclose who its clients are, but it has provided insights 

into which of its materials automotive makers are using 

and the types of parts that can be integrated into the 

latest high-performance supercars. 

3D printed Windform components are today in use by a number of 

leading sports car brands for high-performance vehicles.
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Windform RS

High up on the list of CRP Technology materials for 

automotive applications is Windform RS, a polyam-

ide-based carbon-fiber-filled composite. Released in 

mid-2021 after substantial R&D, Windform RS is engi-

neered for the production of heavy duty components, 

counting shock, vibration, deformation, and tempera-

ture resistance among its top qualities. The material has 

a high tensile strength of 85.25 MPa and has been suc-

cessfully tested at a broad range of temperatures (down 

to -40°C). Windform RS is also water and oil resistant, 

and has been rated HB under UL 94 flammability tests.

This combination of properties, along with CRP’s SLS 

3D printing expertise, have made Windform RS the 

ideal material for automotive parts, particularly spe-

cial edition or custom components for supercars. As 

CRP explains, the SLS composite meets the require-

ments of supercar manufacturers on many fronts: it can 

produce custom parts with complex geometries, it is 

lightweight, it is durable and strong, it is resistant to 

various stresses and conditions, and it offers cost and 

time benefits compared to conventional manufactur-

ing techniques. 

Enabling automated controls

CRP Technology highlights a big opportunity for its 

Windform range of materials, created in-house specif-

ically for delivering on performance in sectors where 

lightweight and mass reduction are a must. Today’s 

cars are notable for their built-in connectivity and auto-

mated controls. These features necessitate advanced 

software, of course, but they also require certain hard-

ware components, including various electronics, fluids, 

and high-power energy cables. These parts must fit 

seamlessly and safely into vehicle structures. 3D printed 

Windform housings can help integrate these various 

pieces of hardware, enclosing them, harnessing them 

and fitting them into compact or narrow spaces while 

providing for inspection capability.

For instance, CRP Technology can produce custom-

ized retaining ducts and cable trays that protect and 

guide high-power electrical cables. Windform RS 

can withstand the high-temperatures of 800V power 

cables, and simultaneously protects the cables from 

liquids, like oil and water. Moreover, the custom com-

ponents can be optimized for easy access, simplifying 

inspection and maintenance. In the category of hous-

ing and retention systems, CRP has also 3D printed 

cooling ducts, wire harnesses and coaxial fans. 

Enhancing gearbox performance

Windform RS has also been validated under the con-

ditions typical of a supercar gearbox, successfully 

withstanding high stresses and extreme settings. 

Notably, CRP says an oil circuit supply and intake pipe 

system with 3D printed Windform RS hoses actually 

performed better than its aluminum counterpart. The 

3D printed hoses, designed for use in endurance races 

such as 24 Hours of Le Mans, underwent a series of 

fatigue tests, standing up to extreme temperatures 

(of up to 120° C), as well as exposure to fluids and 

Windform fluid retention components can operate 
submerged in oil and at high temperatures.
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vibrations. The 3D printed system also proved to be a 

success after months of continuous use in a gearbox 

at speeds reaching up to 340 km/hour. 

CRP also 3D printed an oil pan baffle, a component 

that helps keep motor oil from moving around while 

the car is in motion and ensures the engine always 

has access to oil. Made from Windform RS, this larger 

component was tested under the same conditions 

as the oil circuit supply and intake pipes system and 

demonstrated excellent durability and fatigue resis-

tance. Moreover, CRP says that thanks to the low 

density of Windform RS compared to aluminum and 

all-carbon materials, the oil pan baffle benefited from 

enhanced performance.

Improving aerodynamics

Windform RS is not only applicable for internal 

housing and gearbox components: CRP has also 

successfully used the SLS composite material for the 

production of aerodynamic automotive components. 

With excellent strength, stiffness and impact absorp-

tion, Windform RS stands up well to the mechanical 

stresses that external supercar features face. 

Aerodynamic features like winglets and louvres are 

common in supercars, and are similar to those used 

in F1 racing. These adjustable components help 

to contain and control drag, ultimately augment-

ing the vehicle’s speed and stability on the road or 

Windform components are equipped to withstand 

heavy air pressure at top speeds.
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track. CRP’s Windform RS material meets the needs 

of these applications, particularly when it comes to 

withstanding heavy air pressure and ensuring a high 

aerodynamic load while driving at top speeds. 

In addition to winglets and louvres, CRP Technol-

ogy says its solution is also suitable for front spoilers, 

splitters and vortex generators (which are placed on 

the surface of a car and create a swirl of air to increase 

downforce and improve air flow). Active aerody-

namic components, which can be activated by a 

button and are becoming more prevalent in the latest 

supercars, can also benefit from CRP’s fiber filled 

SLS 3D printing. 

Time and cost benefits

We’ve seen the various performance benefits that 

CRP Technology’s Windform  range offers, but there 

are also a number of manufacturing advantages to 3D 

printing composite automotive features. On the one 

hand, additive manufacturing allows for the design of 

complex geometries and consolidated components. 

This has two big benefits: parts can be optimized 

for weight reduction and performance, while assem-

bly times can be dramatically reduced. Windform 

RS in particular is known for its smooth surface finish 

post-printing, which can reduce post-processing 

times and enhance aerodynamics. 

Perhaps most notably, CRP’s SLS 3D printing solution 

unlocks significant cost reductions for manufacturers, 

who can circumvent costly tooling and mold produc-

tion by printing parts directly in one piece without 

the need for assembly for additional assemblyThis 

is especially relevant for supercars and race cars, 

which are made in low volumes and often feature 

customized components. These high-performance 

vehicles can benefit hugely from the cost and time 

efficiency of 3D printing small- or mid-batch prod-

ucts. In terms of lead times, CRP has successfully 

brought special edition components from concept to 

reality in just three weeks (much faster than the esti-

mated 12-17 weeks it would take using conventional 

tooling processes).

As a service, CRP Technology is ISO-9001 certified 

(with 9100 on its way) and delivers parts that meet 

automotive customer standards, which involves 

high investments in staff training and the continu-

ous deployment of advanced testing equipment. All 

of these processes are aimed at maintaining oper-

ational excellence across the company’s in-house 

teams while ensuring rapid delivery with average lead 

time of two days. CRP also certifies the compliance of 

parts to the Material Data Sheet Specifications.

CRP Technology works with many leading high-per-

formance automakers— in fact, it produced over 

50,000 complex automotive parts last year for an 

array of high profile manufacturers. The company’s 

AM services comprise more than 3D printing, it also 

provides integrated engineering, manual post-pro-

cessing, inspection and testing services. Overall, 

every CRP part is produced to meet the highest stan-

dards and the company is constantly working to raise 

that bar. Windform RS is one of a dozen Windform 

SLS powders developed and validated by CRP Tech-

nology that is helping it to push these boundaries. 

You can find its full portfolio here.

Aerodynamic components for supercars, like DSR 

winglets, are 3D printed for enhanced airflow.
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Dr. Erhard Brandl, Head of the Audi Ad-

ditive Manufacturing Center explains why 
the revolution of AM is already happening 
in the development stage

AM is (literally) 

driving the EV 

transition at Audi

INTERVIEW



The best part of speaking with real end-users of 

additive manufacturing is that it helps us understand 

exactly what the opportunities and possibilities are 

for this revolutionary technology. The downside 

of that is that we don’t always hear what we’d like. 

That’s often the case in the automotive industry, 

where the use of AM is not just consolidated, it’s 

booming in terms of prototyping, tooling, motor-

sports and one-offs but it also remains very limited 

(or, rather, non-existent) in terms of direct digital 

mass production. “AM hardware manufacturers 

would like automotive companies to scale their use 

of AM into direct production, but the costs are still 

very far from competitive with traditional manufac-

turing,” Dr. Erhard Brandl, Head of the Audi AM 

Center, confirms. “That said, the possibilities that 

additive manufacturing is offering in terms of devel-

oping the new generation of cars, as we transition 

towards full electrification, is generating a huge 

demand of 3D printed parts at Audi.”

Dr. Brandl would know where AM can truly bring 

benefits. He’s been working with additive manufac-

turing since 2007 when he started as a Ph.D. student 

at Airbus in metallic additive manufacturing. In 2012 

he moved to Audi to work in Production until, in 

2019, he took over the role of Head of the Additive 

Manufacturing Center. “In my roles at Audi, I started 

looking at AM from the point of view of an end-user. 

So, it was no longer important to drive the technol-

ogy’s evolution as much as actually using it to make 

parts,” he explains.

Audi operates a dedicated AM Center at its 

headquarters in Ingolstadt, Germany
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The Audi AM Center, located at Audi’s Ingolstadt 

HQ, is where 3D printing of just about all parts – 

including all metallic parts – for all of Audi takes 

place. Dr. Brandl’s team caters to all additive man-

ufacturing requirements from the Development 

and Production departments, making sure they get 

their 3D printed parts in time. They also serve as an 

internal consultancy, keeping up with rapid additive 

manufacturing market developments in terms of 

new materials and applications.

How is Audi using 3D printing?

Audi has been using digital 3D printing in produc-

tion processes for more than 20 years. Originally, 

the process was mainly used to produce visual 

models. In recent years, the share of components 

created using the technology for the company’s 

own production tools and vehicle models has 

increased significantly. In the meantime, plastic 

and metal have become capable of producing 

larger and larger parts. “There’s some physical 

boundary with scaling up in additive manufactur-

ing because while you can build bigger parts in 

one run, it may not always be efficient to do so,” 

Dr. Brandl clarifies. “We do make very large parts, 

even bumpers, mostly by assembling together dif-

ferent components.

A number of different competencies and resources 

for Technical Development and Production are 

pooled at the Ingolstadt site, where the AM Center 

is located. This is where technology scouting and 

the development of new applications with various 

departments take place. There is a second center 

of excellence for 3D printing using mostly filament 

extrusion of plastics, which is located at the Neck-

arsulm site. In close collaboration with Production, 

3D printing specialists there design customized 

assembly aids that make work more ergonomic. 

If employees have optimization ideas, they can 

simply contact the in-house 3D printing center.

Together with a start-up from Berlin, Audi has devel-

oped software that reduces the time required to 

design preassembly devices by 80 percent. A sketch 

is usually all that is needed, and the desired part is 

available in just a few hours. 3D printing was first 

incorporated into the preparations for the high-vol-

ume production of the Audi e-tron GT1. More than 

160 different printed aids are now in use at the loca-

tion today. One of these, for example, is used in the 

preassembly of air-conditioning compressors as 

well as cooling lines. The assembly aid with a built-in 

clamp was designed in-house and holds all of the 

components in the exact position.

Developing the future of 

automotive today

Along with these tools, “the prototyping business 

represents by far the greatest demand,” Dr Brandl 

tells us. “It is a major focus area for us because we 

are undergoing the transition to electrification, 

digitalization and sustainability. These are major 

changes and mean that we must rapidly develop 

entire families of new cars.” Every part that gets 

manufactured goes through several iterations as it 

A 3D printing center at Audi’s Neckarsulm 

site specializes in assembly aids

Image: Audi
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must be optimized with multiple versions before it’s 

finalized. “Additive manufacturing is a toolbox to 

help us create new parts faster,” Dr. Brandl explains. 

“In the past, people didn’t really know additive 

manufacturing. Now they’re really hungry to use this 

technology because they really feel that it can solve 

the real challenges they face in their daily business.”

The metal 3D printing center in Ingolstadt special-

izes in producing complex steel and aluminum parts 

as well as inserts for forming tools weighing several 

tons, for example for pressing car body parts or for 

die casting. These are manufactured from metal 

powder using the laser melting process. This makes 

it easier to implement unusual designs because 3D 

printing supports greater geometric freedom than 

any other manufacturing process. This is a major 

advantage for parts such as tool inserts with cooling 

channels close to the edge.

“Additively manufactured tools, especially metal 

tools for hot forming of plastic parts, represent a 

real serious, Dr. Brandl confirms. “We started with 

steels and aluminum on several different metal PBF 

machines, including both EOS and SLM Solutions. 

We also developed our own parameters. This is 

a running business with proven business cases 

because in the end, it’s all about the business. If 

there is no added value, no cost reduction or other 

evident benefit in terms of time and quality gains, 

then, we won’t do it.”

Dr. Brandl believes the cost of polymer 

AM must decrease to aid adoption.

Image: Audi

“ The prototyping business represents by 

far the greatest demand. It is a major 

focus area for us because we are under-

going the transition to electrification, 
digitalization and sustainability. ”

DR. BRANDL



For example, something that Audi will not be using 

AM for in the foreseeable future is customer-driven 

customization. “We now know that the customers 

do not want 3D printed parts, they want solutions,” 

Dr. Brandl confirms. “3D printing is the ultimate cus-

tomization tools, but we know that, ultimately, the 

customer does not want to be a designer: he wants 

to configure different options which means person-

alizing but not at the structural level that AM can do. 

Even in terms of lightweighting, the benefits of AM 

are not sufficient to justify part costs.

Accelerating on production

So, direct additive production is not something 

that Audi will be targeting as part of its strategy in 

the near future, although Dr. Brandl confirms that 

having a large group such as VW working together 

on a platform strategy for AM enables the differ-

ent companies to learn from the progress made 

by other companies in the group. Altogether this 

results in a very large number of parts produced 

across several different AM technologies and while 

series production is still far away, AM is enabling the 

development of increasingly complex parts across 

the entire group.

Batches produced additively at Audi can be as large 

as 300 or 400 parts and they are used for special 

projects, from concept models to motorsports, with 

Audi recently announcing it would enter the increas-

ingly AM-intensive world of Formula 1. “Motorsports 

are heavy users, but AM remains far too expensive to 

be used in the broader automotive industry for final 

parts,” Dr. Brandl confirms. “The price per part must 

go down dramatically and in the metal area, it’s even 

Image: Audi

Direct AM is not on the agenda for Audi yet, but the company is keeping 

a close eye on the progress of other automotive brands in the VW group. 
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farther away because of additional complications 

due to the removal of support structures.”

While plastics may present more immediate oppor-

tunities Dr. Brandl believes that polymer AM also 

needs to drastically reduce costs to gain adoption. 

“If we compare it to injection molding, the price of 

AM parts needs to be reduced by a factor of 100 

to 200 times – he says. Some optimizations can be 

implemented through improved workflows and 

automation, but even so it remains very far from 

mass production levels.”

This is not something that Audi can do alone and it’s 

exactly why the company joined the AMTC confer-

ence as a partner and the Bavarian AM Cluster as a 

founding member. “We need to build strong part-

nerships and networking to address all these limits 

of AM,” Dr. Brandl says, adding that we need to 

build on Germany’s and Europe’s leadership in the 

AM industry as we transition into a new era for the 

automotive industry. ●

Audi participated in the AMTC conference as a partner 

and as the Bavarian AM Cluster founding member.

Image: Audi
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The 2022 season that just ended was made 

even more interesting by the number of 3D 
printing applications, from wind tunnel to 
pit-lane. Because every millisecond counts.

‘Tis the season of 

AM in Formula 1

ZOOM



The 2022 season of the Formula 1 World Champion-

ship saw many great duels, outside of the one for the 

World Drivers’ Champion title, which was quickly and 

deservedly assigned to Red Bull’s Max Verstappen. 

The races were often more intense and exciting than 

they have been in recent years thanks to the com-

pletely overhauled design of the cars, in a bid reduce 

the impact of dirty air when following closely, allowing 

for more overtaking action. As Formula 1 contin-

ues to evolve and grow, many teams are becoming 

more open about their use of AM, while more parts 

can be identified from an analysis of videos and 

images. That’s what we did with some expert help 

from Andrew Cunningham, an AM engineer at a large 

automotive OEM. As a motorsports additive manu-

facturing specialist, Cunningham has been tracking 

F1 applications of AM for the entire season.

Before we get into it, let’s start from the updated 

FIA regulations concerning the teams’ use of AM in 

the vehicle’s development. We all know about the 

newly introduced salary cap for the car’s develop-

ment and the controversies related to some teams’ 

violating said cap (including double World Champi-

ons Red Bull). Using AM to reduce costs can lead to 

increased adoption in F1 because, with clear advan-

tages in the production of single unit components 

and wind-tunnel prototypes.

That said, the FIA has been under heavy scrutiny this 

year for some questionable decisions that affected 

the outcome of certain GPs. The federation often 

appeared to be too slow and not sufficiently coher-

ent in its decision-making process. This slow pace is 

in contrast with the new F1’s rhythms on and off the 

Sauber is a major user of AM, with its own internal AM service. In 2020, the 

team reported that as many as 143 parts on the F1 car were 3D printed.

Image: Sauber Motorsport AG 



track. FIA regulations don’t always seem to be able 

to keep up with the breakneck speed technological 

development: in the 180-page FIA 2022 technical 

regulations document, additive manufacturing is 

mentioned only 7 times and some of these pertain 

to the same paragraph. 

On the one hand there are only a few instances 

where AM is explicitly considered as an option. On 

the other, there are even fewer instances where 

the use of AM is explicitly banned or limited. This, 

Mr. Cunningham agrees, is an indication that “the 

regulations are favorable to the use of AM. The 

lack of exclusions is acknowledgment that teams 

have myriad uses for the technology and that it is 

cost competitive.”

One area where AM is considered is in reference 

to Metallic Materials Used for Additive Manufac-

ture. These are intended as “a group of materials in 

powder form used for manufacturing near-net shape 

components from a digital model processed in sep-

arate layers and joined by either selective melting, 

bonding, or sintering.”

Materials are also considered in terms of regulations, 

with a wider range of alloys now allowed. In the 2022 

F1 Season, “components produced by additive 

manufacturing can be made from materials in the 

following list: 

• Aluminium Alloys: AlSi10Mg, AlSi7MG, Al 

Cl-30AL, P339 AM, EOS Aluminium 2139 AM. 

Aluminium Alloys with particulate reinforcing, 

A20X, 2024-RAM2, 6061-RAM2. Alumini-

um-Magnesium Alloys; Scalmalloy

• Titanium Alloys: Grade 1, Grade 2, Ti6Al4V, 

Ti6AL4V ELI, Ti 5553, Ti 6242. Steel Alloys; 316, 

304, MS1, 15-5PH, 17-4PH, 300M, 4140. 

• Copper Alloys not containing Beryllium.

• Superalloys: Inconel 625, Inconel 718, 

Cobalt-Chrome. 

That’s significant range of materials, including some 

that are not often seen in AM and others that are 

very much AM-specific like EOS Aluminium 2139 AM, 

A20X or Scalmalloy. Furthermore, the FIA specifies 

that the finished mass of a component made by addi-

tive manufacture should be no less than 60% of the 

mass of the printed component, excluding support 

structures. Among the specific material prohibitions 

there is also a reference to AM and to additively man-

ufactured materials containing beryllium, which is a 

toxic (carcinogenic) material, challenging to use safely. 

The FIA banned beryllium since the 2001 season.

Another specific mention of additive manufacturing in 

the FIA F1 technical regulations concerns specific part 

and in particular the Primary heat exchanger specifi-

cation and technology. To reduce the cost of primary 

heat exchangers used on the car, a few restrictions 

apply and one of these is that the core must not be 

produced using additive manufacturing. This limita-

tion has been in place for several years already and 

the FIA seems set on keeping it. Cunningham argues 

that this rule seems to be in place for cost reasons; 

however, AM heat exchangers are now becoming 

more cost competitive, partly due to elimination of 

the labor required in manufacturing conventional HXs 

from many subcomponents. On the other hand, as 

we’ve increasingly seen in recent times, AM HXs can 

be printed as a single component or a core plus the 

end caps, significantly reducing costs.”

Just about everything else is a go. Let’s see how the 

teams interpreted the rules this year.

World champions in AM

Red Bull was not just the winning team of this year’s 

F1 World Championship: they had the best and the 

“baddest” driver, the best in-race decision-mak-

ing and many times they also showed that they were 

simply the coolest team. One way they did this was 

with an additively manufactured Red Bull Racing & 
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Red Bull Technology cooling duct with a custom cap 

featuring the dueling bulls logo. Since they were 3D 

printing it anyway, they figured they might as well use 

the design freedom and customization capabilities. 

As Cunningham explained, much of the Formula 1 pit 

equipment is 3D printed because volumes are low, 

the geometry can be complex, and the mounting 

interfaces on the car often change. 

Another set of parts that is often 3D printed is sensors 

and sensor mounts. Towards the end of the season, 

Max was spotted using additively manufactured Kiel 

probes that were likely mounted on his upper wing-

let to measure the effect of the 2023 side-rear view 

mirrors being trialed in Zandvoort. A Kiel probe 

is a device for measuring stagnation pressure or 

stagnation temperature in fluid dynamics. It is a varia-

tion of a Pitot probe where the inlet is protected by a 

“shroud” or “shield. In this case the probe’s size and 

thin walls indicate that it was additively manufactured.

Most improved thanks to AM

As an admittedly hardcore Ferrari supporter, the 

author of this article is not happy unless the Ferrari F1 

team takes home the World Drivers’ Champion title. 

However, after the most disastrous couple of seasons 

that most Scuderia Ferrari fans have had to witness 

in their lifetime, this year’s second place in both the 

Driver and Constructor World Championships should 

not to be taken lightly. The only thing that really upset 

fans was that we had a great driver, and, after the first 

A set of 3D printed metal clutch paddles were seen on Pierre Gasly’s 

Scuderia AlphaTauri F1 Team race car during the 2022 season.
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few races, we thought we had a great car but a series 

of errors in strategy and development brought us 

abruptly back to Earth. 

One of the reasons we thought things had taken a 

turn for the better was that in the beginning of the 

season, a scoop by Formula 1 magazine ChronoGP, 

revealed that that the use of SLM technology in the 

production of components for the endothermic part 

of the power unit, including the cylinder block and 

relative cooling channels, were behind the team’s 

excellent performance in the first GP of the season.

The first GP of the season in Bahrein showed an 

impressive performance of the Ferrari 066/7 power 

units, with five Ferrari-powered cars in the top 10 

placements (including the Alfa Romeo ORLEN 

team) a dramatic improvement over the previous 

two disastrous seasons. According to the video, the 

exceptional volatility of the synthetic fuels used in 

the Ferrari power unit can now be fully exploited by 

Ferrari and its partner Shell to capture the generated 

heat and transport it away, improving performance.

While this initial superiority was not fully exploited 

during the remainder of the season, Ferrari seems 

100% set on implementing AM as much as possi-

ble going forward (in fact some have argued that 

recent falling outs with other teams concerned the 

increasing use of of AM). Ferrari was also seen using 

3D printing for sensor mounts fitted on the Scuderia 

Ferrari F1-75 during the Formula 1 Australian Grand 

Prix practice session. The Scuderia tested a new front 

wing that likely wanted to measure inboard and out-

board front wing height under pitch, roll, and heave 

via laser ride height sensors. In this case AM was 

employed to match the complex front wing geome-

tries directly from digital surfaces (CAD), saving a lot 

of work and time by not having to manufacture these 

via composite layups or machining. These parts are 

likely unfilled or fiber-filled nylon printed with powder 

bed fusion technology (SLS or MJF). The material 

offers a good balance of strength, stiffness, impact 

resistance, and cost. “In fact – Cunningham adds – 

PBF printed composites show decent to very good 

isotropic mechanical properties and good surface 

finish, which make the designer’s job easier in that 

printer orientation is not a major factor in the design 

optimization/process.”

Long live the king of AM

After dominating the past decade of Formula 1, 

Mercedes AMG Petronas and its top driver Lewis 

Hamilton experienced a very difficult transition to 

the new 2022 vehicle standards. Perhaps the advan-

tage that the team was able to build up as a first and 

major adopter of AM was reduced as other teams also 

increasingly embraced this technology. 

One thing is for sure, Mercedes has always been very 

secretive with respect to its use of AM. Some of the 

AM parts spotted during the 2022 season include a 

tiny Kiel probe from the Monza GP, showing incred-

ibly fine details and a complex geometry made 

possible via metal PBF. Polymer 3D printed parts 

(likely made of Nylon CF via SLS) included compo-

nents of Lewis Hamilton’s steering wheel such as a 3D 

printed “Brake Magic” guard, the clutch paddle, and 

probably the paddle sensor housing. In these steer-

ing wheel applications, the visible as printed layer 

lines add grip, so no sanding is needed.

The most 3D printed

It may not be the winningest team in F1 but Sauber 

Alfa Romeo Team Orlen (soon to be Audi) is one 

of the most interesting, innovative and certainly 

one of the biggest users of AM. So much so that 

Sauber Engineering, the manufacturing technol-

ogy division the the Sauber Group, now leverages 

it expertise to offer advanced metal additive manu-

facturing services to across various segments, even 

beyond motorsports.
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The Sauber vehicles integrate dozens of 3D printed 

parts (143, to be exact, in the 2020 season, and even 

more in 2022). Since 2019 the company has formed key 

partnerships with AM companies including 3D Sys-

tems, Additive Industries and EOS. The latest deal with 

EOS, in 2022, saw the companies sign a three-year AM 

technology partnership at the F1 Grand Prix in Barce-

lona, Spain, which included installation of a new EOS 

P 500 for polymer parts production. The partnership 

focuses on constantly optimizing and manufactur-

ing aerodynamic spoiler designs, end-use parts for 

race cars, and production aids. Next year the Sauber 

Group will be partnering with Audi, which enters the 

F1 world and will bring its own extensive AM exper-

tise to the table.

Among the parts seen on the track this year, part 

number C4229-2026_900_00_A, seen during the 

Monza GP, is a pit-lane brake cooling duct is made 

via selective laser sintering (SLS), likely with Sauber 

Group’s internally-developed HiPAC material com-

posed of Nylon 12 and chopped carbon fiber. This 

material is strong and temperature resistant, making 

it well-suited for pit-lane brake cooling. The material’s 

properties vary in X, Y, and Z directions due to fiber 

orientation resulting from the powder spreading and 

fusing process. However, even the Z-direction proper-

ties are quite good, which is hard to achieve. Another 

interesting part, seen during the Canadian GP, was a 

beautiful metal 3D printed pit gun housing, featuring 

great ergonomics and integrated LED indicator light to 

confirm successful install.

Many years printing

McLaren is one of the most historic teams in F1 how-

ever in recent years the Woking, UK, team has seen 

a lot more downs than ups. Nevertheless, it never 

stopped investing in AM, through a long running part-

nership with Stratasys. This collaboration started in 

the 2017 season and led to the use of Polyjet and FDM 

for parts such as a Hydraulic Line Bracket, printed on 

a Fortus 450mc Production 3D Printer with carbon-fi-

ber reinforced nylon material (FDM Nylon 12CF), and 

a Flexible Radio Harness Location Boot, printed using 

flexible materials on a J750 Polyjet 3D printer. In this 

case three different designs were iterated, and 3D 

printed in one day and the final component was 3D 

printed in just two hours.

The number of 3D printed parts at McLaren racing 

has been growing exponentially, especially since the 

recent installation of five Neo800 SLA 3D printers. That 

brought the tally of 3D printed parts, just on the SLA 

platforms, to 9,000 units per year. These parts are used 

for wind tunnel scale models, the full-scale racecar, 

and composite molds. The racecar itself has as many 

as 60 3D printed air pressure housings. In addition, 

the Stratasys PerFORM Reflect material is an almost an 

exact match for McLaren’s papaya orange livery.

In with the new

If Stratasys is helping McLaren get back to its past 

glory, 3D Systems is helping BWT Alpine F1 emerge 

after entering the circuit in 2021 – taking over the 

Renault F1 heritage. The two team are focusing on 

parts and materials for wind tunnel testing, via Accura 

Composite PIV – a new material specifically designed 

to address PIV testing applications used primarily 

Sauber 3D printed this engine mount 

component for the F1 car.
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in motorsports wind tunnel testing. The Accura 

Composite can be used to produce rigid parts in a 

high-contrast color optimized for PIV testing, enabling 

the Alpine F1 Team to maximize its wind tunnel 

investment and improve its understanding of the air-

flow over the car.

But it does not end here. As Cunningham recently 

highlighted, the BWT Alpine F1 Team also used 3D 

Systems SLS technology to produce a pit gun shroud 

with new impact-resistant nylon-based material, Dura-

Form PAx Natural, to save costs, reduce lead times, 

and enable multiple iterations as pit gun technology 

advances. While the part shown has a “Natural” finish, 

most plastic AM parts used at races are black (either 

via printing or coating). This color provides a profes-

sional appearance, hides grime, and conceals technical 

details. More end-use parts include metallic bodywork 

supports, power unit plumbing, and the safety-criti-

cal roll hoop.  

Past and future champions

Just like Stratasys with McLaren and 3D Systems with 

Renault/Alpine, Nexa3D also established a collabo-

ration with a glorious F1 team that has been going 

through a bit of a rough patch for the past couple of 

decades (with the last World Championship title vic-

tory for Williams dating back 1997). But just being there 

to compete at the highest levels of Formula 1 is an 

incredible achievement for a relatively small team like 

Williams and 3D printing comes in handy. 

For Nexa3D, a newcomer among 3D printing com-

panies, this collaboration is a great opportunity to 

validate its own Nexa3D’s NXE400 ultrafast photoplas-

tic 3D printer by making it available to manufacture 

functional wind tunnel parts for aero testing. The com-

pany’s NexaX software enables high-performance 

additive manufacturing processes using modern com-

putation architecture to develop light-weight parts 

and to accelerate the file-to-part process. Speed of 

production lets Williams iterate and test parts faster, 

thus hopefully giving them an edge come racing time.

Everyone in F1 is 3D printing

Even beyond the biggest names and official partner-

ships with 3D printing companies, all F1 teams use AM 

at some level. With help from Andrew Cunningham, we 

spotted a few more examples of AM in the racetrack. 

Some examples concern the heavy use of 3D printing 

for the Haas steering wheel (supplied by Ferrari). These 

include a long (3D printed) clutch paddle and rotary 

sensor at its pivot, the gear shift paddles that oper-

ate simple buttons and coil springs for resistance, and 

additional buttons on the silicone hand grip.

Spotted by journalist Craig Scarborough, this Haas F1 

Team steering wheel has a 3D printed clutch paddle 

with an ergonomic finger pocket. Assuming this is a 

fiber-filled material, the fibers mostly go in the direc-

tion of loading , which would mean that this AM part 

functions as a true composite component.

The Aston Martin Aramco Cognizant F1 Team is an 

almost relative new entry in the modern F1 circuit (it is 

in fact an evolution of the Racing Point team). While it 

employs Mercedes power units, the Silverstone based 

McLaren racing recently installed five Neo800 SLA 
3D printers bringing the tally of 3D printed parts, 

just on the SLA platforms, to 9,000 units per year.

Image: Stratasys | McLaren Racing
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team has been experiencing some challenges on its 

way to becoming competitive for the top spots. The 

team has a large team of AM engineers and techni-

cians and is looking to AM to accelerate development. 

One evident application was additively manufactured 

(and fabricated) aero rakes that Aston Martin brought 

to the Zandvoort circuit to evaluate the performance 

of their 2023 mirror design. These units are much 

larger than the current mirrors being used in Formula 

1 and should improve rearward visibility. Several other 

teams used 3D printed aero rakes in the 2022 pre-sea-

son tests as well.

Haas and Sauber are Ferrari-powered cars, while 

Scuderia AlphaTauri is owned by Red Bull and is 

considered a sister team to Red Bull Racing. A set 

of 3D printed metal clutch paddles were seen on 

Pierre Gasly’s Scuderia AlphaTauri F1 Team race 

car. These are webbed for high stiffness and low 

weight. The visible rough surface finish promotes 

grip. Some layer lines can be seen on the paddles 

(orange arrow). These are likely made with alumi-

num for weight and cost (though metal is more 

expensive than reinforced polymers used by at 

least a few teams).

What we saw here are just a few visible examples 

of how most F1 teams use AM. Clear applications 

range from prototypes and wind-tunnel test models 

to accessories (pit guns, testing and sensor equip-

ment) all the way to critical vehicle parts, in both 

the body and the power unit. Most of these parts 

leverage AM for fast, tool-less manufacturing, cus-

tomization, and ergonomics. We have not yet seen 

clear examples of highly weight-optimized parts that 

leverage generative design and topology optimiza-

tion capabilities, but these may very well already be 

present and hidden from view. ●

Aston Martin brought additively manufactured (and fabricated) aero rakes to 

the Zandvoort circuit to evaluate the performance of their 2023 mirror design.

Image: Aston Martin Racing
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An interview with Matt Bacarese-Hamilton, 

Product Manager of the company that is 
changing the delivery of goods forever

Magway pulls the 

future of transportation 

into the present

FUTURE



We focus a lot on end-use cases for AM, because they 

are often among the most exciting applications of 

the technology’s fairly recent developments. How-

ever, the use of AM for one of its original applications 

- prototyping - is still very much alive and thriving, as 

we saw during our visit to the Magway development 

facility in London.

Magway is one of the most promising companies in 

the field of sustainable transportation, globally. The 

start-up’s technology is based on, as the name sug-

gests, magnets. Essentially, a cart is pulled along a 

track by linear motors, and the result is an energy effi-

cient, trackable transportation system that can ‘time 

deliveries down to the very second’.

The company was founded in 2017, by Rupert Cruise 

and Phill Davies. “Rupert is our magnetics savant. He 

comes from magnets - he lectured in it. He under-

stands what we’re doing in linear motors better than 

most people in any field of linear motors. Phill basically 

saw how this could be applied and worked with Rupert 

to create Magway - with the vision that we are all about 

decarbonizing logistics. But I think it’s an even bigger 

picture at the moment - decarbonizing transport.”

In 2020, the company raised over £1.5 M, from more 

than 2,200 investors in 66 countries - exceeding its 

original target of £750,000 - on Crowdcube. This was 

boosted by an additional grant from Innovate UK, the 

British government’s technology innovation agency.

Magway’s unique (and sustainable) transportation 

system is based on magnetism.

Image: Magway



“A lot of our design process is very fluid. We get 

changing requirements based on new customers 

all the time. And from a commercial standpoint, 

we’ll be going to different events where we want to 

demonstrate different things all the time,” Matt Baca-

rese-Hamilton, Product Manager at Magway explains, 

while elaborating on the importance of 3D printing 

within the company - which makes use of both an 

in-house printer (an Ultimaker 5S) as well as exter-

nal contractors, such as DAM, in London. “We’ve 

recently done some 3D printed chassis work with an 

external contractor so that we can test some material 

performances, look at how it’s going to fit together, 

and a number of other things. We use the technology 

mainly for iteration and demonstration purposes, and 

do as much as possible in-house, but obviously we 

have to accept the limitations to what we can do.”

More specifically, an example of how the Magway 

team uses 3D printing for prototyping is that of 

rapidly creating and iterating wheel designs with dif-

ferent radii. At a ‘very low level of testing’, to check 

basic dimensions, before Magway ordered the fab-

ricated wheels, “We did our initial test, we put the 

printed wheels on, and we put the magnet on the 

track, but because of the force between the magnet 

array and the motors - it just crushed the wheels. This 

was at 30% infill because it was quick. We knew it was 

probably going to take like a week, ten days, to get 

something external in, so we upped the infill to 80%. 

This worked - the wheels proved what we needed 

them to - and we were able to place an order with a 

much higher level of confidence,” said Matt.

“We celebrate our failures as much as our successes. 

So, we’ve got a framed bit of 3D printing spaghetti 

that is actually from the wheel project,” Matt says. 

“We left it to run over the weekend. This was before 

I’d set up our cloud camera stuff on the printer. So, we 

came back, it had gone ballistic, as you can see, and 

I thought, you know what, let’s learn from this. And 

then we set up the cameras, and we framed it.”

“In the past we had ordered some wheels that were 

the wrong size because we kind of did it in a rush. 

So this is where our iterative steps came from. We’re 

really just trying to refine and consolidate our design 

process at every opportunity.”

The same approach for developing the wheels 

applies to almost every aspect of Magway’s design 

- whether it be the magnet array or the chassis. The 

ability to have the physical prototype in the office, 

merely a few hours after designing it, is an incredi-

bly practical and an increasingly necessary tool for 

projects of this nature, especially when it comes to 

aspects such as - in Magway’s case - the mounting 

points for the magnet array. “All of this is insanely 

useful to have in-house,” Matt tells 3dpbm. “I’m the 

biggest fan of 3D printing exactly this kind of stuff. 

Not just because it’s aesthetic and it’s cool, all of that, 

but actually being able to get some function out of it 

is incredibly valuable.” 

Magway raised over £1.5M in 2020 from over 

2,200 investors across 66 countries.

Image: Ed Wakefield / 3dpbm
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For Magway, ‘the more commercially-driven side’ of 

3D printing is the ability to demonstrate what exactly 

Magway is, physically, considering that it is quite 

an abstract idea. “It’s difficult to tell people [what 

Magway does], but you can show them a pipe, for 

example, you can show them a carriage,” Matt says.

Another way in which 3D printing is enabling 

Magway to create the transport of the future is 

the ability to collaborate across geographies. For 

example, the team’s industrial designer is based in 

Manchester, but he can “just send the files over, and 

instead of him trying to abstractly explain to us how 

something works, we’ve got it in front of us now. And 

so the mechanical team can almost pull it apart and 

say, well, this isn’t going to work, and this is going to 

work,” Matt tells us.

How does Magway work?

In order to move the carriage along the pre-laid 

track, Magway uses a three-phase linear synchro-

nous motor, which induces a magnetic field, “more 

simply, when you pass a current through coil, you 

induce an electromagnetic field. We’ve got an elec-

tromagnet and then an electromagnet, and then an 

electromagnet. So we’ve got three electromagnets 

connected - and that’s our linear motor,” Matt says.

3D printing is enabling Magway to overcome 

geographical distances between team members.

Image: Ed Wakefield / 3dpbm



The motors are connected to power electronics, and 

act as controllers and turn the electromagnets on at 

the right time. To put it simply - the carriage is pulled 

along the unelectrified aluminum track, by individu-

ally controlled electromagnets.

Magway has also developed a vertical track, the 

drives for which are AKA ‘The Christmas Tree’, which 

is based on the same technology, except for the 

fact that the electromagnets are placed directly 

above one another to compensate for the additional 

factor - gravity. 

“There’s gravity with this one. If I shove it up, it’s 

going to come back rather quickly. So, we’ve essen-

tially limited the distance between motors to zero. 

We shove it up, and then shove it up, and then shove 

it up, and don’t stop shoving it up because gravity is 

strong. And so, we’ve tested this up to I think it was 

about 170kgs. This was purely a proof of concept.”

“When you develop a track like this, you really see 

how limitless the applications are. If I’ve got a verti-

cal section when I’m building a new building, or even 

upgrading an old building, I can now fit this thing to 

it. The possibilities are endless.” Currently, Magway is 

working on projects “tens of kilometers long, in some 

pretty unforgiving environments”. However, Magway 

does not install these tracks. “We’re the deep tech 

side of it. We’ve got a system that works. Our value 

add is in the software, the control, our understanding 

of the motors.”

‘The progression of Magway’s 

wheel development’

When put to the test, the printed nylon wheels were 

wearing down due to the friction between the wheels 

and the aluminum. So, the team decided to go with 

a better suited technique - steel coated with poly-

urethane. According to Matt, either the track or the 

wheels have got to wear-out and give-in eventually, 

and it made more sense for the decision to be for the 

wheels to be replaceable, instead of the track itself. 

Looking at Magway’s different use cases for their sys-

tems that have developed over the years, one really 

gets a feel for the potential applications as well as the 

progress the company has made. “We’ve got a dual 

tote, we’ve got bulk material, we’ve got an early ecom-

merce prototype. You can see all the proportions to 

rail and stuff like that.”

When asked about the future of AM at Magway, Matt 

has this to say: “The quicker that you can get some-

thing prototyped, in your hand, and on the track - the 

quicker you can make it better, you can improve it. And 

I would never want to see that stop, but I think beyond 

that, additive manufacturing is getting to a point 

where it’s unlocking new areas otherwise untapped 

by existing fabrication methods. You could manufac-

ture something on site, like a concrete building, or if 

you need to have some sort of complex bracket that 

holds your Magway pipe that couldn’t be made with 

traditional casting - you can do that on site. And it’s 

stuff like that that really excites me because we’re in 

a field that is so new, everything is open to us. We’re 

not engraved in existing manufacturing methods - 

like you are with traditional rail - because everything 

we’re doing is new… For example, when it comes to 

advising on the way a bracket needs to be installed, 

you would say, well, the pipes need to be within this 

tolerance, and you need to use this specific bracket to 

fit them together. That bracket could very well be 3D 

printed on site.”

“More and more sites, in London in particular, are 

not standardized - you’ve got old buildings, you’ve 

got new buildings. If I’m retrofitting something, it’s 

not going to be as easy as if I’m building something 

new. And I think 3D printing is how you bridge the 

gaps between both old and new at the same time,” 

Matt concludes, with reference to the potential 

of 3D printing.
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These are the companies across the AM 

industry that are paving the way for auto-

motive applications.

Leading AM 

companies targeting 

automotive

MAPPING



AIRTECH

Airtech is an established supplier to the Aerospace 

and Motorsport composite industry, where extremely 

complex parts and very rapid short run production 

demands high performance and reliable materials. 

The company’s Print-Tech tooling technology is a high 

accuracy, short lead time solution for the demand-

ing process requirements of composite molding, 

metal bonding, transparency forming, drill, trim and 

assembly processes. Processing temperatures, pres-

sures and resin systems are accommodated by the 

extensive range of Dahltram tooling resins. Among 

recent highlights, Airtech teamed up with BBi Auto-

sport to produce 3D printed molds and end-use parts 

for The Brumos Collection Racing Team’s GT2 RS 

Clubsport taking part in the Pikes Peak International 

Hill Climb. Using Dahltram printing resins and Print-

Tech in-house 3D printing service, Airtech produced 

sturdy, lightweight and aerodynamically optimized 

parts that helped shave precious seconds off lap times.

All Airtech additive resins and moulds/tools are 100% 

recyclable, making the AM process more sustain-

able and less environmentally impacting. Airtech has 

demonstrated the ability to reclaim printed scrap or 

retired printed moulds: an AM CFR composite mould 

tool produced with Dahltram I-350CF resin was recy-

cled after use into usable pellet feedstock and then 

re-manufactured into a new usable composite tool.

OECHSLER

Founded in 1864, OECHSLER has developed into a 

leading polymer technology company supplying cus-

tomers worldwide in key industrial segments, including 

automotive and other innovative technology sectors. 

Airtech leverages its Print-Tech tooling technology 

to supply parts to the motorsport sector.

Image: Airtech Advanced Materials Group



In recent years the company has invested significantly 

in production polymer AM technologies such as MJF 

and DLS (prducing up to 2 million part per year) and 

has been working closely with automotive companies 

to develop case studies for the implementation of AM 

technologies into lightweight seating components, 

for example on race cars and motorbikes.

CRP TECHNOLOGY

With over 50 years of expertise in the motorsport 

and automotive industries the CRP Technology has 

become a key partner to companies in the automo-

tive segment both by providing advanced polymer 

3D printing services and by supplying its unique 

range of Windform composite powders for SLS. The 

company has been evolving its additive manufactur-

ing production for decades, starting with Formula 

One all the way to hypercars, supercars and electri-

cal mobility. The company developed and produced 

vital e-motorbike components for Energica Motor 

company almost ten years ago, achieving a 50% cut 

in lead times and time to market. Additive manufac-

turing and tis Windform materials can be applied 

throughout the journey from prototype to develop-

ment and production on hypercars, supercars or even 

short series road cars, resulting in increased produc-

tivity, lower costs, and the ability to create extreme, 

efficient designs.

CARBON

Carbon’s high-throughput layerless photopolymer-

ization technology is able to use key automotive 

materials, such as EPOXY (Parking Brake Bracket, 

Connector, Gas Cap), RIGID POLYURETHANE 

(Air vent, Fastener, Exterior trim) and ELASTO-

MERIC POLYURETHANE (Car seats, Headrests, 

Finishing Texture)

The company has been working on production of final 

parts with both Ford (with several M2 and L1 systems 

now installed in its AM center) producing the first 

serial automotive part made out of Detroit, and Lam-

borghini, on serial and customization parts for several 

models including the top selling Urus SUV. Much 

like HP, the company’s high productivity technology 

requires improved and accelerated part handling to 

deliver on the promise of production at scale, while, 

at  the same time, it can be used to accelerate devel-

opment cycles. Carbon also recently collaborated 

with Lexus and Adidas to created printed headrests 

and other interior parts, using its DLS technology. 

3D SYSTEMS

3D Systems has had automotive companies as some 

of its primary customers since the very beginning, 

with Ford acquiring the third 3D printer ever made 

and automotive companies in both North America 

and Europe as some of its very first customers. 3D 

Systems’ stereolithography technology has been 

used—and continues to be used—for extensive pro-

totyping of small and even very large automotive 

parts. After seemingly moving away from the automo-

tive segment (after the sale of its 3D printing service 

Carbon teamed up with Lexus and adidas on 

a custom Black Panther inspired vehicle.

Image: Lexus
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arm), 3D Systems has now again embraced automo-

tive manufacturers by focusing on high-precision 

parts at scale and tough thermoplastics to replicate 

automotive-grade production plastic, prototyping 

and tooling technologies as well as by offering con-

sultancy services focused on meeting the challenges 

and leveraging the opportunities offered by new 

powertrain technologies.

HP

HP entered the market specifically to target larger 

batch production applications, first with its MJF poly-

mer PBF AM technology and then with its MetalJet 

metal binder jetting process. Today a large number of 

automotive companies have adopted HP’s systems, 

both for internal production and through exter-

nal AM service suppliers. HP has rapidly developed 

the global distribution market. Initially the biggest 

limit was the availability of one main material, nylon 

12, which, however, is fit for a large number of basic 

automotive applications. Now the company has 

introduced both PP (polypropylene) and TPU, fur-

ther extending the range of possible applications. In 

metal, HP has been working with GKN and the Volk-

swagen Group to industrialize its technology. Other 

known automotive partners of HP 3D Printing include 

FCA (Jeep), BMW and General Motors, primarily for 

MJF polymer technology.

OECHSLER works closely with automotive players 

to develop case studies for AM.

Image: OECHSLER



EOS

EOS’s industry leading SLS technology is used by 

automakers as well as AM services and automotive 

parts suppliers around the world to produce proto-

types and tools as well as final and replacement parts. 

EOS offers advanced consultancy through its Addi-

tive Minds service to help companies identify parts 

that would benefit from on-demand production via 

its AM technologies. The German company has been 

investing significantly to advance industrialization of 

its DMLS (laser metal powder bed fusion) technology 

for the automotive segment and specifically for key 

automotive materials such as aluminum. In many of 

these operations, EOS has found in the Daimler Benz 

Group a key and preferred partner. Other confirmed 

clients looking to implement EOS technologies for 

part production include GM and FCA.

GKN

GKN is a key supplier of automotive parts to many 

large automakers, including EV powertrain systems. 

The company is also a major adopter of AM for aero-

space and an early adopter of AM for the automotive 

segment, not to mention a key producer of metal 

AM powders. As early as 2016,  GKN Sinter Metals 

integrated Additive Industries’ MetalFab1 system 

to enable series production of precision parts for 

engines and transmissions and started production at 

its plant in Radevormwald, Germany. More recently, 

the company has become a key automotive partner of 

HP, providing automotive parts using HP’s new metal 

jet technology to automotive industry leaders such as 

VW. GKN also acquired AM service provider Forecast 

3D, which specializes in series production using HP’s 

MJF polymer AM technology. 

GKN is also one of 12 partners participating in the 

IDAM project, which seeks to address and overcome 

limitations of LPBF, which hinder its adoption for serial 

production in industries like automotive. The IDAM 

project is specifically building two pilot lines—one 

of which is at BMW’s Munich facility—for fully auto-

mated, industrial AM.

SLM SOLUTIONS

SLM Solutions has built up a leadership in the auto-

motive segment over the years. According to our 

research, SLM Solutions systems remain, today, the 

most widely used by large automakers. The high-pro-

file work done with the Divergent and PSA teams on 

3D printed automotive car frames remains one of the 

most advanced and relevant applications to date. 

Other high-profile examples consist of collaborations 

with Audi and Bugatti. Most recently, the compa-

ny’s 12-laser NXG XII 600 PBF system was used in a 

proof of concept with Porsche to print a complete 

E-drive housing.

STRATASYS

For current polymer additive manufacturing industry 

leader Stratasys, the automotive segment has always 

represented a primary field of application, mainly 

for advanced prototyping, using both its primary 

Porsche and SLM Solutions developed a E-Drive housing

using the latter’s 12-laser NXG XII 600 PBF system.

Image: SLM Solutions | Porsche AG
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technologies: FDM and PolyJet. For instance, Volk-

swagen recently purchased two J850 3D printers for 

producing ultra-realistic prototypes for new vehicle 

design.Stratasys has also begun looking more and 

more toward tooling and production. One key appli-

cation is the use of FDM technology for lay-up and 

sacrificial tooling. Another is the use of high tempera-

ture PolyJet materials to produce injection molds for 

small runs using end-use plastics. In terms of direct 

part production, Stratasys is working closely with Ford 

and Siemens on robotic composite CFR extrusion 

systems. Stratasys’ Fortus 380mc CFE is also targeted 

toward automotive applications for tools and final 

parts (NASCAR Team Penske was a first adopter). 

Stratasys also works closely with the McLaren team in 

Formula 1 racing - which prints 9,000 parts per year 

using the Stratasys Neo 800.

ADDUP

If SLM Solutions doesn’t retain its leadership in the 

automotive segment, one of the companies that 

could challenge it is AddUp. This relatively new 

entry in the AM industry is the result of a collabo-

ration between Michelin and Fives, a large French 

machine tool system OEM. One of the first results of 

this partnership is the development of a fully auto-

mated workflow using multiple AddUp FormUp 350 

SLM systems to produce custom aluminum molds 

for the mass production of Michelin tires. The com-

pany—which also offers DED 3D printing systems 

after acquiring French company BeAM—is poised 

to become a key player in the automotive industry, 

especially through the support of the Michelin group.

DESKTOP METAL

Desktop Metal is HP’s first competitor for the future of 

metal binder jetting in the automotive segment and 

its technology was developed specifically to address 

the requirements of high productivity industries such 

as automotive. The company also offers a technol-

ogy for bound metal deposition that is already widely 

available and is rapidly building a significant installa-

tion base. Automotive giant Ford has implemented 

Desktop Metal’s Studio System and, more recently, its 

P-1 Production System, based on metal binder jetting 

technology. Ford is using this technology to advance 

alloy implementation and to discover new automotive 

applications for metal binder jetting. Desktop Metal 

also has the BMW Group among its main funders. ● 

“ For current polymer AM industry lead-

er Stratasys, the automotive segment 

has always represented a primary field 
of application, mainly for advanced 

prototyping, using both its primary 

technologies: FDM and PolyJet.”



Market Studies

3dpbm Research market studies track AM industry developments 

and decipher key trends on the insights that matter.

Order

Composites AM
Analysis and forecast of key hardware, materials  
and applications opportunities  
 
2020–2030

Metal AM
A strategic analysis of the market and a 10-year forecast 
of key hardware, materials and service opportunities

2020–2030

Ceramic AM
An analysis of the market and a 10-year forecast of key 
hardware, materials and service opportunities 2020–2030

2020–2030

Polymer AM
A strategic analysis of the market and a 10-year forecast 
of key hardware, materials and service opportunities

2020–2030

https://bit.ly/3dpbmResearchReports
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