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Since the early days of additive manufacturing, the aerospace industry has been an 

important adopter. Adopter might not even be the best term, because the aerospace 

and AM industries have intersected in so many ways and evolved simultaneously: with 

aerospace companies investing significantly into AM technologies and accelerating their 

advancement and AM unlocking new and exciting opportunities for aerospace.

In this AM Focus eBook, we look at several areas of aerospace AM, from commercial 

aviation’s use of the technology in aircraft development and maintenance, to the space 

industry’s innovative implementation of 3D printing for satellites, rockets and more. We 

are very excited to present so much original, exclusive content in this digital publication 

from some of the leading players on both the aerospace and AM sides. 

In the following pages you will find insights about aviation, including from Honeywell 

about the use and potential of AM for civil aviation, from Lufthansa Technik about its 

prolific AM Center in Hamburg and from Boom Supersonic about how AM has enabled 

the development of its supersonic aircraft. We then go beyond the stratosphere 

with original interviews with Launcher’s Tim Berry, Relativity Space’s Josh Brost and 

Velo3D’s Benny Buller. This eBook also features an excerpt from our recent podcast 

with Mike Curtis-Rouse from Catapult, an in-depth analysis chapter on how AM is vital 

to new space startups and a look back at some of the biggest AM stories in aerospace 

in recent years.

Tess Boissonneault 

Editor in Chief, 3dpbm
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Join over 12,000 professionals and get AM industry 
insights sent directly to your inbox every week.

Carefully curated by our editors, our weekly newsletter 
keeps executives, engineers and end-users updated on 
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We face many challenges when navigat-
ing space. AM is helping companies and 

startups around the world solve many of 
them and is turning it into a major business 

opportunity.

The out-of-this-

world opportunities 

for AM in space

ANALYSIS



AM is enabling humanity’s expansion into space in 

many more ways than one. Starting here on Earth, 

with the printing of antennas, whole rocket engines, 

satellites and more,  and ending (or not—depending 

on the technology) with the printing of limited and 

unlimited parts in-orbit.

Many of the most innovative commercial space start-

ups—from the company that started it all, SpaceX, to 

Relativity, Launcher, Orbex and Rocketlab—can exist 

and often thrive today because AM enabled them to 

completely and dramatically alter the space part man-

ufacturing value and supply chain.

With AM, almost any company can produce the 

extremely complex, unique components that make 

up (and continuously improve the performance and 

cost-ratio of) rocket engines, satellite components 

and everything else that goes into launch, pay-

load and logistics.

This business opportunity, which 3dpbm Research 

has quantified between $1.3 billion and $2.6 billion in 

2022, is looking at a total addressable market worth 

over $200 billion. And AM is going to play an increas-

ingly important part. Here is how.

3D printed satellites

According to space industry expert and investor Max 

Polyakov, the industry for the production, launch and 

operation of artificial satellites accounts for 75% of the 

entire New Space Economy market ($271 billion). 

Between 2010 and 2020, the number of satellites 

operating in Earth’s orbit increased by 252%, from 

958 to 3371. By all expectations, this is only the 

very beginning of a new satellite era. For the imple-

mentation of SpaceX’s global high-speed Internet 

Starlink project alone, 11,943 new satellites are set 

to be launched into low, medium and geostationary 

3dpbm Research estimates that the AM opportunity for space 

applications to be between $1.3 billion and $2.6 billion in 2022.
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Fleet Space’s Alpha fleet of satellites are expected 
to be the world’s first fully 3D printed satellites

Image: Fleet Space

near-Earth orbits. The Earth’s orbit is becoming 

increasingly crowded with constellations of com-

pact devices, which are responsible for ensuring our 

quality of life. Navigation, communication and even 

watching TV would all be impossible without the help 

of satellites. 

According to internal data, 3dpbm expects that AM 

parts could be already worth between 0.5% and 1% 

of the roughly $200 billion yearly satellite business, 

generating between $1 billion and $2 billion yearly, 

just in parts. This figure grows significantly if we factor 

in the revenues associated with the AM hardware, 

materials and outsourced manufacturing services 

used to produce these parts.

With regards to space, additive manufacturing is pri-

marily being used to create previously impossible 

satellite parts. AM has been rapidly adopted by satel-

lite manufacturers for its ability to create complicated 

designs that improve part performance, optimize 

weight and reduce time to market. 

A prime example of how AM is enabling satellite 

manufacturers to achieve near-full efficiency of part 

production is 3D Systems’ DMP Factory 500 Solu-

tion, which is employed for the serial production 

of antennae components. This past May, 3D Sys-

tems’ Application Innovation Group (AIG) presented 

an end-to-end AM solution comprising materials, 

3D printing technology, software and applications 

expertise—to produce the components required for 

antenna arrays on satellites. 3D Systems is enabling 

projects such as Airbus Defence and Space’s OneSat 

by producing critical components for the indus-

try-first satellite innovation.

Overall, the number of 3D printed parts present on 

any satellite has been increasing dramatically. Back 

in 2016, CATEC delivered six titanium 64 solar panel 

supports to Airbus for use on their EUTELSAT QUAN-

TUM satellite. At that time, this was one of the first 

examples manufactured by critical technology from 

a structural and functional point of view that was 

fully qualified for space. (The year before, in 2015, 

Thales Alenia Space had just 3D printed aluminum 

antenna brackets for the TürkmenÄlem/MonacoSAT 

satellite—a fairly primitive use of AM for space com-

pared to now.) Between then and 2022, Airbus has 

used its own internal AM capabilities (the company 

refers to AM as additive layer manufacturing or ALM) 

and has outsourced AM services from 3T Additive 

Manufacturing to create upwards of 250 radio fre-

quency components, per satellite, for their Eurostar 

Neo spacecraft. 

AM components are now standard for all satellites 

that Maxar builds, and the company is manufactur-

ing spacecraft that contain over 1,000 printed parts, 

which is roughly one-third of the number of compo-

nents found in an average spacecraft. Maxar is not 

the only company with upwards of 1,000 AM parts 

on a satellite. Boeing’s WGS-11+ satellite, which 

is scheduled to launch in 2024 and to be used by 

the US Space Force for military communications, is 

also being created with the help of over 1,000 3D 

printed parts. 
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Excluding part production, it is now also possible 

to 3D print entire satellites. This is demonstrated 

by Fleet Space’s Alpha fleet of satellites, which are 

expected to be the world’s first fully 3D printed sat-

ellites. These satellites are expected to be launched 

into low-Earth orbit by SpaceX in 2023 with the pur-

pose of providing high-speed, low-cost connectivity 

to remote areas around the world.

Titomic will play its part in contributing to Fleet 

Space’s Alpha satellites; the company will use its Tit-

omic Kinetic Fusion technology, a cold spray AM and 

coating process that allows deposition and fusion 

of dissimilar metals, to mitigate ionizing radiation, 

creating radiation shielding and prolonging the satel-

lites’ lifespan.

Another example of companies/organizations adopt-

ing AM into their suite of satellite manufacturing is 

Nanoracks Space Outpost Europe’s agreement with 

CFC 3D printing provider, Anisoprint. In March this 

year, Anisoprint was selected to participate in the 

Startup Support Program managed by European 

Space Resources Innovation Centre (in partnership 

with Technoport), the Luxembourg Space Agency, 

the Luxembourg Institute of Science and Technology 

and the European Space Agency, to adjust contin-

uous composite fiber 3D printing for close-to-zero 

gravity conditions. 

Anisoprint signed the MoU with Nanoracks Space 

Outpost Europe to secure demonstration and 

validation of the technology’s capacities in orbit. 

Anisoprint’s technology creates no waste and is fully 

automated, requiring no manual labor—perfectly 

suited to in-space manufacturing. 

Looking further into the future, Mitsubishi Electric is 

also very much involved in the space manufacturing 

revolution, through their recently-developed on-or-

bit AM technology that uses photosensitive resin 

and solar ultraviolet light for the freeform printing 

of satellite antennas in the vacuum of outer space. 

Resin-based on-orbit manufacturing is expected to 

enable spacecraft structures to be made thinner and 

lighter than conventional designs, which must survive 

the stresses of launch and orbital insertion, thereby 

reducing both total satellite weight and launch costs.

“ Many of the most innovative com-

mercial space startups can exist and 

often thrive today because AM ena-

bled them to completely and dra-

matically alter the space part manu-

facturing value and supply chain.”



SpaceX plans to launch Fleet Space’s Alpha fleet of 
satellites  into low-Earth orbit in 2023.

Image: SpaceX

Deployment is another area whre satellite manufac-

turers are making use of AM. In March, Alba Orbital 

deployed four PocketQube satellites from their Pock-

etQube deployer, which was 3D printed with CRP 

Technology, using Windform XT 2.0 printing material.

3D printed rocket engines

The global market size of rocket propulsion was 

valued at over $5 billion in 2020 and is poised to 

record a CAGR of more than 8% through 2027, driven 

by the higher investments in space launches and the 

rising number of rocket testing activities to launch 

satellites. Here, AM plays an even more important 

role, as almost every single new engine produced 

now integrates several AM parts. 3dpbm Research 

(conservatively) expects that the value of 3D printed 

rocket engine parts could amount to as much as $250 

million to $500 million yearly, with a penetration of 

up to 10%, which is unprecedented for any metal 

AM production segment (some segments such as a 

dental and hearing aids have had even higher pene-

tration but only with polymer technologies)

AM enables entire engines to be printed, in a single 

print session, without the need for welding or other 

post-print attaching. The mitigation of joining lines 

also minimizes points of weakness, resulting in an 

overall more resistant engine. The high level of 

customizability made possible through the technol-

ogy is a perfect fit for the aerospace industry, given 

the nature of aeronautical engineering. The abil-

ity to print highly intricate, strong parts results in an 

engine that is lighter, consumes less fuel and is overall 

more efficient compared to traditional manufac-

turing methods. 
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Companies such as Ursa Major and Launcher are 

among those already taking complete advantage 

of AM. In June this year, Ursa Major presented the 

project for its largely 3D printed, 200,000-pound 

thrust liquid oxygen and methane staged combus-

tion Arroway rocket engine. Not only did AM allow 

for the intricate printing of the rocket engine, but the 

3D printing approach also allowed for rapid iteration 

during the development process as well as efficient 

scaling of production to meet market demand.

In April, Launcher’s 3D printed E-2 engine achieved 

full-thrust in a test fire at NASA’s Stennis Space 

Center. The E-2 is a high-performance liquid rocket 

engine that is currently in development for the 

Launcher Light launch vehicle. The inaugural launch 

is scheduled for 2024, with a single E-2 engine 

expected to boost Launcher Light to low Earth orbit 

with 150kg of payload. 

The E-2’s chamber is uniquely liquid oxygen-cooled 

and 3D printed on an AMCM M4K 3D printer using 

copper alloy. It is also printed in a single piece. 

AMCM’s M4K 3D printer is a modified version of the 

EOS M400 with a larger build volume; it is also used 

by companies such as Orbex to print full-scale mono-

body rocket engines and turbopumps in-house.

The E-2’s state of the art co-axial injector was 3D 

printed on a Velo3D Sapphire. Other notable players 

in the aerospace industry also employ Velo 3D Sap-

phire printers, such as SpaceX and Lockheed Martin.

AMCM and Velo3D are emerging as the leading pro-

viders of AM hardware for the space industry. The 

reasons being that Velo3D’s technology allows for 

the printing of parts with fewer or no supports, which 

in turn enables the printing of more complex, large 

parts. Whereas AMCM 3D’s technology allows for 

In June 2022, Ursa Major presented the project for its largely 3D printed liquid 
oxygen and methane staged combustion Arroway rocket engine.

Image: Ursa Major



the printing of very large parts (more than 1 meter 

in height), in a single print, without the need to weld 

different parts together. This month (June), Velo 3D 

launched its new Sapphire XC 1MZ metal 3D printer, 

with a build volume of 1,000mm x 600mm—nine 

times larger than the original Sapphire printer. 

Other notable players in this space include Rocket-

Lab and Relativity. RocketLab has already had many 

successful launches with their 3D printed engines. 

The company also produces three Photon spacecraft 

for companies such as Varda Space Industries, which 

integrate with Varda’s space factories, enabling high-

value products to be manufactured in zero-gravity 

and returned to Earth.

Relativity has developed the 3D printed Terran 1 

rocket, which is expected to launch this summer and 

is the largest 3D printed object to exist and attempt 

orbital flight. Relativity is the only company using AM 

technology to create both rockets and engines. 

Working towards its goal of being 95% 3D printed, 

Relativity’s first Terran 1 vehicle is 85% 3D printed by 

mass. Terran 1 has nine Aeon engines on its first stage 

and one Aeon Vac on its second stage. The Aeon 

engines can generate thrust (at sea level) of 100,000 

N / 23,000 lbf per engine and a thrust (in a vacuum) 

of 113,000 N / 25,400 lbf. Like the rocket’s structure, 

all Relativity engines are entirely 3D printed and use 

liquid oxygen (LOX) and liquid natural gas (LNG), 

which are not only the best for rocket propulsion, but 

also for reusability and the easiest to eventually transi-

tion to methane on Mars. As one of the few LOX/LNG 

fueled rockets in the industry, Terran 1 is racing to be 

the first LOX/LNG rocket to fly.

Relativity’s proprietary Factory of the Future centers 

on Stargate, the world’s largest metal 3D printer, that 

will create the Terran 1 and Terran R, the first fully 

reusable, entirely 3D printed rocket, from raw material 

to flight-ready in 60 days. 

3D printing in the space supply chain

The global space launch services market is estimated 

to generate $15 billion in 2022, doubling by 2027. The 

launch services market includes everything that has to 

do with building a space vehicle, preparing a vehicle 

for launch, setting up the launch and launching it.

The recent emergence of commercial and even con-

sumer targeted projects such as those led by SpaceX, 

Blue Origin, Virgin Galactic/Virgin Orbit and Space 

Perspectives has brought even more visibility to a 

thriving segment. All these companies have revealed 

that they make intensive use of AM for various types 

of parts for both vehicles and infrastructure. 3dpbm 

Research estimates that the use of AM in space indus-

try logistics in 2022 will generate between 0.5% and 

1% of the total business, resulting in between $75 mil-

lion and $150 million in yearly revenues.

We are already familiar with the solutions additive 

manufacturing brings to supply chain and inventory 

challenges when transporting items from country to 

country. The ability to have a digital inventory and 

to print the physical forms of this inventory on-de-

mand has revolutionized the way we understand 

the supply chain. 

Space company Launcher is taking 
advantage of AM for its E-2 engine.

Image: Launcher
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For example, traditionally, when a company working 

on the Alaskan North Slope needs an out-of-produc-

tion part replacement for a gas/oil pipeline, it can 

take up to 30 weeks for the part to arrive at the mine, 

after it has been manufactured and transported. Now, 

through the use of AM, these parts can be stored on 

a digital inventory (taking up no physical space and 

having no weight) and be printed on site within a 

period of two to three weeks. 

With this in mind, the need for AM in the supply chain 

between Earth and the International Space Station, for 

example, or Mars in the near future, is paramount. In 

fact, considering the weight restrictions, other ‘space 

constraints’ and just general practicality, AM seems to 

be the only solution to this challenge. 

Companies such as Redwire (previously known as 

“Made in Space” before being acquired by Redwire in 

2020) are such providers of these AM solutions. Made 

in Space was the first company to print in space, with 

a 3D printer stationed at the International Space Sta-

tion (ISS), trailblazing the in-space AM revolution, and 

enabling space companies to print parts on demand 

without the need to transport them from Earth. A few 

years ago, NASA and Redwire demonstrated the use 

of a 3D printer to make polymer tools aboard the ISS. 

The 3D printer (along with other printers) has been 

churning out replacement parts and tools since.

Another trailblazing company is ICON, the company 

chosen by NASA to deliver a 3D printed habitat. 

Known as Mars Dune Alpha, the habitat is a 1,700 

square-foot structure that will simulate a realistic 

Mars habitat to support long-duration, explora-

tion-class space missions. The habitat is intended to 

prepare humans for what life on Mars might look like: 

‘houses’ will more than likely be 3D printed, using 

locally sourced materials, eliminating the need to 

launch large quantities of building materials on mul-

tiple flights from Earth, and minimizing the need for 

astronaut construction labor (neither the easiest nor 

safest occupation). In addition to this, ICON has also 

received funding from NASA to begin research and 

development of a space-based construction system 

to build 3D printed moon habitats and support future 

exploration of the Moon.

Amongst all the manufacturing-based 3D print-

ing in space, 3D bioprinting also has carved out a 

place for itself. Way back in 2018, Russia’s Organ.Aut 

zero-gravity 3D bioprinter printed a mouse’s thyroid 

aboard the International Space Station, using technol-

ogy from 3D Bioprinting Solutions.

“ The need for AM in the supply chain be-

tween Earth and the International Space 

Station, for example, is paramount. 

Considering weight restrictions and oth-

er ‘space constraints’, AM seems to be 

the only solution to this challenge.”
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Lufthansa Technik’s Jan Nelle discusses 
the company’s AM Center in Hamburg, 
the production of cabin parts and the 
load-bearing A-Link component developed 

together with Premium AEROTEC.

5,500 3D printed 

flying parts 
and counting at 
Lufthansa Technik

FEATURE



Lufthansa Technik, a subsidiary of major European 

airline Lufthansa, has taken a keen interest in vari-

ous additive manufacturing technologies in recent 

years. In fact, the provider of maintenance, repair 

and overhaul services (MRO) for aircraft and engines 

started exploring the technology as early as 2006 

with its first additive manufacturing equipment 

for the laser metal deposition process. In subse-

quent years, interest grew until finally the company 

decided to really step up its AM efforts with the 

opening of a dedicated Additive Manufacturing 

Center in 2018.

Based in Hamburg, the AM Center has become a 

hub within the company for all things 3D printing. 

The center collaborates with various departments 

across the company to share AM knowledge and 

provide services. Strategically, Lufthansa Technik 

brought on people from many different areas to 

run the center, including tooling specialists, design-

ers and engineers. One of the AM engineers in 

Lufthansa Technik´s AM Center in Hamburg, Jan 

Nelle, led the recent A-Link project, the first struc-

tural metal 3D printed flying part produced by the 

center in cooperation with Premium AEROTEC. 

“We have a good team with many different back-

grounds,” Nelle tells us.

At the AM Center, the company has pursued various 

projects, including prototyping, tooling and aircraft 

parts. “Prototyping is something we use a lot in our 

company,” Nelle explains. “We get data or a request 

from our designers and we print their parts right 

away. We have an internal system where Lufthansa 

Technik designers can upload these files directly. 

Tooling is done in a similar way. The third area, which 

is actually the main part of our activities, consists of 

the qualification and production of flying parts.”

Several metal 3D printed parts in the powder bed at 
Lufthansa Technik’s AMC, after printing.
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Over 5,500 3D printed parts installed

At the facility, the Lufthansa Technik team uses a 

variety of 3D printing processes. “The AM Center 

runs numerous FDM (fused deposition model-

ing) systems from various manufacturers,” Nelle 

says. “Moreover, we have a metal laser powder 

bed fusion 3D printer—the EOS M290—which we 

mainly use for research projects, but also for tool-

ing and prototyping when needed.”

Jan Nelle emphasizes that the vast majority of the 

AM Center’s printing is done using the polymer 

3D printing processes. And most of the pro-

duction parts are destined to be used in aircraft 

cabins. “The qualification for polymer parts is 

much easier than for metal parts. For the cabin, the 

main requirement is that parts are flame resistant; 

with structural metal parts it becomes a lot more 

complicated.” Still, as we’ll see later on, that hasn’t 

stopped Lufthansa Technik from delving into metal 

part qualification.

“The cabin is where we’ve seen the most in terms of 

part numbers. To date, we’ve printed and installed 

some 5,500 components. For example, we have the 

VIP area where we use 3D printing to customize inte-

riors. In this case, we kind of function as an OEM: we 

can design and produce our own parts. This means 

we can really leverage the technology to its full 

potential.” If we zoom out and look at the numbers, 

Lufthansa Technik has reportedly 3D printed over 

140 different types of parts. These include 5,500 

cabin flying parts, 1,500 prototypes and 2,500 tools.

A selection of metal 3D printed prototypes and tools built using 
the EOS M290 system at Lufthansa Technik’s AMC facility.

Image: Lufthansa Technik
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A company-wide effort

While the majority of Lufthansa Technik’s 3D print-

ing capacity is concentrated at the Hamburg facility, 

Nelle points out that many other departments also 

have FDM systems, especially in areas where design 

is concerned. “Our external sites, like Malta, also 

have 3D printers running. We work with them to set 

the machines up,” he adds. Integrating 3D printers 

throughout the company in this way is helpful, espe-

cially in terms of getting people acquainted with the 

technology. “I think it’s really important that people 

think about AM as a way to maybe think differently 

and produce parts differently.”

The production of flying parts, however, is strictly 

limited to the AM Center and its manufacturing part-

ners. This is primarily because of the qualification 

process required for aircraft components as well as 

the volume of parts being made. In fact, Nelle says 

that for the time being, Lufthansa Technik has no 

plans to set up additional AM capacity. The idea is to 

use its in-house systems to develop and prototype 

parts and then work with an external manufacturing 

partner for production. 

“On the other hand, I’m an engineer, so I hope 

that we will also have a machine in our department 

where we can undertake flying part production,” 

he adds. “But money-wise, it doesn’t make much 

sense right now.”

The A-Link 

While most of Lufthansa Technik’s additive manu-

facturing activities are centered on aircraft cabin 

interiors, the company has made an exciting 

breakthrough with a new type of component, the 

load-bearing A-Link. The A-Link is a metal compo-

nent for the IAE-V2500 engine’s anti-icing system. 

A 3D printed version of the part, developed by 

Lufthansa Technik’s AM Center, was approved for 

use by EASA in January 2022. Premium AEROTEC, 

a manufacturing partner of the MRO provider, is 

producing the part.

Premium AEROTEC was selected as a partner for 

the project because the company already has a 

qualified process and extensive knowledge of air-

craft AM—having worked substantially with Airbus. 

“The onboarding process was mainly a matter of IP, 

as their parts were previously done for Airbus, but 

they have a big database and a qualified process 

so that helped a lot,” Nelle adds. “For them, it was 

also the first time working with somebody outside 

of Airbus, and our requirements were a little bit dif-

ferent so both sides had to learn a lot. Now we have 

a good setup for working with external manufac-

turers. We know what it takes to qualify an AM part 

and what our specific needs are.”

“The A-Link is definitely a breakthrough for 

Lufthansa Technik,” Nelle tells us. “As I said, we had 

already qualified lots of aircraft parts, but all for 

in-cabin use. For these, the qualification was mainly 

focused on flammability. The A-Link represents the 

first part which will be used outside the cabin.”

The A-Link was approved for use 
by EASA in January 2022.
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The part itself is 3D printed from titanium using 

LPBF technology. Jan Nelle says it is considered a 

“low-critical part”, but it still had to undergo sig-

nificant qualification and testing. “We’re planning 

to install about 60 parts a year. This volume could 

almost be made in a single build. So far we have pro-

duced enough parts for the first three years and they 

are ready to install.” 

The first A-Links installed will be closely monitored 

to better understand their effects and performance. 

Nelle suspects that the quality of the 3D printed 

titanium will actually be superior to the original com-

ponent. “In normal cases, we are pretty sure that 

there will be no change,” he says. “The printed part 

should actually last longer than the original part, 

but to be sure of that we will check the first units we 

install every few years.”

Unsurprisingly, Nelle cites the stringent qualifica-

tion processes required by the aviation industry as 

a hurdle to AM’s viability for flight-ready parts. Or, 

more specifically, existing qualification processes. “A 

significant portion of the manufacturing cost is just 

from quality assurance,” he says. “I think if we can 

develop better systems to understand if everything 

in the manufacturing process went well or if there 

are any potential failures, it will help not only make 

AM more affordable, it will also make the technology 

more worthy for production.

“The industry needs a bit more time to build up the 

confidence. Project by project we get better and also 

the monitoring of the process improves.” This, as we 

are seeing in real time, is true. Last year, Lufthansa 

Technik had not qualified any metal external aircraft 

components. Today, it has.

Lufthansa Technik and Premium AEROTEC developed the 
A-Link, a metal component for the IAE-V2500 engine.

Image: Lufthansa Technik
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Honeywell Chief Engineer Brian Baughman 
provides an optimistic look at additive 

manufacturing and civil aviation.

Aviation and AM 

at Honeywell

AVIATION



Founded over a century ago, American multinational 

Honeywell International Inc. has grown to become 

a major player across many industries, including 

infrastructure, healthcare, defense, retail, materi-

als and, our focus in this article, aviation. One of the 

ways Honeywell has maintained its leading position 

is by following manufacturing trends in these various 

industries and taking advantage of the most prom-

ising advancements. It comes as no surprise then 

that additive manufacturing figures prominently into 

Honeywell’s development and manufacturing oper-

ations, especially in the realm of aerospace. 

In recent years, we’ve followed the company’s AM 

journey, from partnerships and investments to use 

cases and certifications, including the first FAA 

approval for a 3D printed flight-critical engine com-

ponent in 2020. Now, to better understand how 

Honeywell is using AM in aerospace—specifically 

civil aviation—and how it envisions the technol-

ogy in the future, we spoke to Chief Engineer 

Brian Baughman, who has been with the company 

for over 16 years and has been at the forefront of 

its AM adoption.

LPBF and so much more

“I’ve been very much involved in additive since I 

was hired at Honeywell,” Baughman explains. “And 

one of the key things to point out is that our use of 

AM is not just limited to laser powder bed fusion—

though it is a big part of what we do. We also use 

directed energy deposition (DED) pretty heavily for 

repair applications; we do ceramic 3D printing to 

make cast molds for metal turbine blades; and we’ve 

helped pioneer cold spray additive manufacturing. 

Image: Honeywell

Honeywell successfully 3D printed a bearing 
housing for the ATF3, an older turbofan engine.



So there are a lot of interesting angles that we have 

within Honeywell when it comes to additive.”

A significant amount of the company’s additive 

manufacturing activities are carried out at its facil-

ity in Phoenix, Arizona, which houses over 20 LPBF 

systems. “There, we work mostly with nickel and alu-

minum, and we’re adding more titanium. It’s where 

a lot of our development efforts are being done,” 

he explains. Honeywell also has satellite sites across 

the globe in Shanghai, China and Bangalore, India. 

Teams at these locations assist in prototyping and 

manufacturing projects in their respective regions, 

but as Baughman goes on, they also help Honeywell 

in its ongoing efforts to identify parts its in catalog 

that are well suited for AM. 

Honeywell’s Chief Engineer also points out that 

while metal AM is the process of choice for produc-

tion applications, polymer 3D printing technologies 

are still pretty widely used. “We don’t do a lot for 

production with polymer 3D printing, at least in 

civil aviation,” he says. “But we use polymers pretty 

heavily when it comes to tooling and design itera-

tion. In fact, I’m pretty sure that most sites within 

Honeywell have a 3D printer, ranging from small 

Makerbots to bigger Stratasys F450s. They are mas-

sive for us when it comes to non-production uses.”

How Honeywell is using AM

In the civil aviation space, Honeywell has found sev-

eral uses for metal additive manufacturing. The first 

category of use cases Baughman mentions is the 

production of replacement legacy parts. “For exam-

ple, a bearing housing part, which is a pretty critical 

part on our ATF3-6 turbofan engine, was a 1960s 

casting that had terrible yields using traditional pro-

cesses,” he tells us. 

“Every time we thought the casting was good, 

something would happen during machining that 

would expose a defect and we would have to toss 

it out. We were literally waiting for older engines in 

the field to be retired so we could scavenge from 

them. 3D printing this bearing housing has been a 

game changer. We were able to replace the part and 

ship the engine out. It’s now been flying for over a 

couple of years.” The part in question was approved 

by the FAA in 2020 and is in use aboard maritime 

patrol aircraft.

Another area where AM has proven valuable in 

civil aviation is part consolidation, which has a big 

impact on streamlining supply chains. “We have a 

number of examples where we’ve been able to do 

part consolidation on existing legacy parts. Where 

we previously had seven parts from different sup-

pliers being welded together” Baughman says, “it 

becomes a supply chain with multiple vendors. With 

additive, we’re able to print that part as one piece 

and we can alleviate that supply chain bottleneck 

and also deliver a cost saving.

“We also use directed energy deposition pro-

cesses for different applications,” he adds. For 

example, Honeywell uses laser powder blown pro-

cesses to repair parts, like turbine blade tips.  “The 

Honeywell uses LPBF as well as 
other processes like DED.

Image: Honeywell
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contours of titanium impellers come in all dinged 

up and we can use AM to build it up a lot faster 

than what we could achieve manually. We also use 

wire arc additive manufacturing (WAAM) for heat 

exchanger cores. The cold metal transfer process 

cuts the process down from three days to just three 

hours. It’s amazing.”

The path to more applications

While Honeywell cannot disclose many specific 

details about its aviation AM applications, there is 

still the sense that its usage of metal AM is still fairly 

limited. When we ask Baughman what it will take for 

more applications to be unlocked, he raises some 

important points.

Ultimately, it’s a lack of understanding of what 

exactly needs to be done to qualify this process for 

civil aviation. Usually, we will look at what we inter-

nally feel we need to do to qualify something and 

we go out and do it. And then when we try to get 

approval, we have to present what we’ve done to a 

regulatory team or the customer we’re working with 

to see if they feel the same. There’s no guideline 

out there that says ‘if you do X, Y, Z, you’re golden’. 

And we need to fix that. There’s a huge opportu-

nity there to really figure out how we qualify AM for 

more of these applications.”

In terms of establishing on-demand digital parts, 

Baughman says “I believe that there’s still a lot 

of work we have to do with getting the regula-

tory bodies and our customers comfortable with 

this technology The concepts are great and we’re 

continuing to push towards them. Ultimately, 

we want AM to be on par with castings in terms 

of economics and the ability to deliver parts at 

volume, at cost, etc.”

Another key area that needs further advancing in 

order for AM to be further adopted in civil avia-

tion is materials characterization. “We need a lot 

of statistical data about the metal we are print-

ing. It’s a lot of data and it’s very expensive. But 

the more materials we have, the less limited our 

designers are. Right now, we’ll say that we only have 

material properties for a few materials, and design-

ers are used to having so many more. It’s almost 

like a library: with traditional metal manufactur-

ing, you have a full library; with additive, it’s a very 

empty library.”

“ I believe that there’s still a lot of work 
we have to do with getting the regula-
tory bodies and our customers comfort-
able with this technology. Ultimately, 
we want AM to be on par with castings 
in terms of economics and the ability to 
deliver parts at volume and at cost.”



In terms of hardware developments, Baugh-

man suggests that while adding more lasers to 

LPBF systems could eventually become viable for 

greater scalability (when the cost per laser comes 

down), a more pressing issue is removing design 

constraints, like supports, low angles, etc. “Right 

now, we talk about design for additive, every-

body thinks you have no constraints. But that’s 

not true,” he explains. “And when we talk about 

taking advantage of what additive can give us in 

terms of internal passageways and complexity, 

those of us on the manufacturing side have to bal-

ance that with questions like ‘how do we remove 

the support? How do we control the distortion 

that’s happening?’.

“One of the things we do with our newer design-

ers is we have them come and work in our additive 

lab. I remember one great example: one of the best 

designers we had when we first started didn’t really 

understand the support concept until I told him 

that we’d print the part he’d designed—with exten-

sive supports—and he would have to remove them. 

I came back after three hours and he was shocked 

at how difficult they were to remove. He certainly 

got the message.”

The potential is palpable

As part of its strategy to stay at the cutting edge 

of AM, Honeywell has created a diverse network 

of partners and suppliers. As Baughman explains, 

the company aims to be as technology agnostic as 

possible so it can understand what processes are 

out there and where they fit into its manufacturing 

needs. “One of the ways we do that is by work-

ing with each of the different machines so that we 

can understand what they’re capable of. The more 

we can capture from all the different vendors, the 

more data we have in our database.”

Image: Honeywell

Honeywell has AM systems in-house, but it also works 
with a range of external partners and suppliers.
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The same dynamic is true of manufacturing service 

partners. Sintavia was one of the first AM suppli-

ers to partner with and be qualified by Honeywell. 

Today, the company is also broadening its network. 

“The key is understanding what some of these 

newer additive suppliers offer in terms of value 

that we can’t get from existing suppliers we have. 

Maybe they have more vertical integration capabil-

ities on the post-processing side; maybe they have 

machines that the other suppliers don’t. That’s the 

thing about AM: it changes so fast.”

While Baughman has laid out the areas where 

additive manufacturing could benefit from greater 

advancement, especially for civil aviation appli-

cations, he is consistently clear on the fact that 

Honeywell is committed to the continued use 

and adoption of additive technologies. “You’d be 

hard-pressed to find somebody in this company 

who doesn’t think that additive is going to be a 

game-changing technology for manufacturers,” 

he says. “We all see the potential, and there are 

so many things we haven’t yet uncovered with this 

technology. We’re just talking about printing parts, 

but the whole field of new materials is really super 

exciting. And I think we’re starting to finally peel 

back that onion to expose what can be done with 

new materials. If you’re a material scientist, the field 

of additive has got to be the most crazy, interesting, 

exciting area.”

Ultimately, Honeywell sees additive manufacturing 

as an integral part of its civil aviation business. We 

personally can’t wait to see what is in store in the 

years to come in terms of new materials, processes 

and applications.

Honeywell is committed to exploiting the benefits of AM and sees 
the technology as integral to its civil aviation business.
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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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Speed is one of the ultimate drivers for 
Boom Supersonic, implementing AM in de-

velopment, production tools and final parts 
of its supersonic airliner fleet.

Taking AM past the 
speed of sound

FUTURE



First it was a deal with Stratasys. This was followed 

by a seven-year partnership extension to produce 

hundreds of tools and prototypes on the Stratasys 

F900 AIS system. Then it was the over 21 titanium 

final parts on the XB-1 demonstrator aircraft, printed 

using Velo3D technology. Now, Boom Supersonic, 

the Colorado company founded by Blake Scholl in 

2014 that is racing to bring back commercial super-

sonic air travel, is ready to scale production with its 

first Supersonic Airliner Manufacturing Facility in 

North Carolina and the upcoming Overture super-

sonic airliner. The company has already received 

multiple orders and signed deals with United Airlines 

and the US Air Force. 

To some extent, Boom’s vision for sustainable—

environmentally and financially—commercial 

supersonic travel would not be possible without 

the benefits provided by AM, especially in terms of 

lightweight and optimized systems. The company 

is very open about it and has presented one of the 

most detailed and industry-defining cases for the 

use of AM in advanced aerospace manufacturing.

Speeding up

“3D printing is an important tool to help enable the 

return of supersonic travel,” a company spokes-

person told 3dpbm. “3D printing helped to save 

time and resources during the build of XB-1, the 

demonstrator aircraft, allowing for rapid iterations of 

designs and prototyping. 3D printing also reduced 

the weight of the aircraft—a game-changer for all 

aerospace engineers. 3D printed parts, depending 

on the choice of materials, are typically lighter than 

their traditional counterparts fabricated with steel 

Boom Supersonic was founded in 2014 and aims to bring supersonic 
air travel back to the commercial market.
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and aluminum. On XB-1, which has more than 340 

unique 3D printed parts, the combined reduced 

weight made a substantial difference.”

Over the development of the XB-1, the demon-

strator aircraft, Boom saved thousands of hours 

in work time as well as significant costs by work-

ing with Stratasys. The company’s FDM printers 

helped quickly iterate on designs, which is crucial 

for learning important lessons early and avoiding 

costly mistakes down the line. The latest partnership 

extension with Stratasys is designed to integrate 

FDM 3D printing into flight part production for XB-1. 

Providing a faster, more streamlined approach to 

qualify additively manufactured parts for aircraft 

installation, Stratasys AIS package is considered 

instrumental to the aircraft. 

“Currently, Boom has a variety of Stratasys printers 

for different uses, like the F900, 450mc and F370. As 

we found new uses for 3D printing throughout the 

construction of XB-1, Stratasys helped provide for 

our ever-changing needs,” the company’s spokes-

person revealed.

Boom also worked with Velo3D to 3D print titanium 

flight hardware for XB-1, the demonstrator aircraft. 

In this case, using traditional manufacturing meth-

ods would have been impractical for XB-1 and the 

team was able to achieve the desired part geometry 

using 3D printing.

The ULTEMate flying machine

Boom often prints on the Stratasys F900. The F900 

prints several materials, including ULTEM 9085 

and ULTEM 9085 CG. Both are flame-retardant, 

high-performance resin thermoplastics with high 

strength-to-weight ratios, excellent heat resistance 

and high impact strength. The team used ULTEM 

9085 to print drill blocks and 9085 CG for the hun-

dreds of parts that are already installed on XB-1. 

The 9085 CG is delivered with certificates of con-

formance, which has better traceability and process 

control than the standard material, making it ideal 

for aircraft parts manufacturing.

“During the course of XB-1’s build, the team 3D 

printed more than 550 drill blocks,” the compa-

ny’s spokesperson told us. “The blocks supported 

the careful assembly of the aircraft, which resulted 

in greater accuracy. And with greater accuracy, 

the team mitigated waste and potential damage 

to the aircraft.

“We expect that 3D printing will help avoid the inev-

itable waste and transportation costs compared to 

traditional manufacturing and designing of parts.”

In terms of flight hardware and tooling, the XB-1 

features more than 340 unique 3D printed parts, 

and the ability to print them in-house much more 

quickly made a substantial difference. “We believe 

3D printing will be a helpful tool in our toolbox and 

we are exploring the possibility of using 3D print-

ing for aircraft tooling in the build of Overture,” 

the company said.

Boom and Velo3D developed 21 3D 
printed metal parts for the XB-1.

Image: Boom Supersonic
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Pedal to the metal

The Boom Supersonic XB-1 demonstrator air-

craft includes 21 flight hardware components 

that were manufactured by Velo3D’s Sapphire 3D 

metal printer, marking, in the words of Velo3D 

Founder and CEO Benny Buller, “a highly significant 

advancement for the metal AM industry, and [XB-1 

supersonic aircraft is] a game-changer for the avi-

ation industry.”

Boom Supersonic and Velo3D first announced their 

partnership in 2019 to manufacture complex flight 

hardware to build XB-1 and ran a series of quali-

fication trials on Velo3D’s Sapphire system. The 

printed titanium parts are used for engine hardware, 

the environmental control system and struc-

tural components. 

Characteristics of the geometric designs include 

tall, thin walls with high aspect ratios, which are 

inherently difficult to manufacture with traditional 

processes, such as welding and casting, and even 

most existing 3D printing technologies. Velo3D’s 

unique SupportFree printing process enables 

unprecedented design freedom and quality control, 

eliminating manufacturing constraints to innovation 

in aircraft design.

Moving fast on the wings of dreams

Boom Supersonic Founder and CEO Blake Scholl 

founded the company in 2014 with the convic-

tion that the market and technology now exist for 

economically and environmentally sustainable 

supersonic aircraft. 

“We’ve seen a 7x growth in international passenger 

travel since 1970 and premium-cabin travel contin-

ues to grow rapidly,” the company’s spokesperson 

explained, adding that it comes down to a matter 

of extremely intense competition in the air travel 

market. “Airlines have never needed differentiation 

more than they do now. Today, they compete on 

incrementally better food, seats and loyalty pro-

grams. But no matter which airline you choose, it 

takes the same amount of time to get from A to B. 

Speed is the ultimate differentiator, and with Over-

ture airlines can become faster and more profitable.”

Today we have much of the technology we need 

to make supersonic work—for the most part, we’re 

solving an optimization problem. Boom is leveraging 

advancements in aerodynamics, materials and pro-

pulsion which were unavailable 60 years ago when 

the first supersonic aircraft were being developed.

“One of the big challenges of commercial super-

sonic airplanes,” the Boom team explained, 

“is designing something that’s efficient at high 

speeds—where you want small wings to minimize 

drag—while safe and maneuverable at low speeds 

near takeoff and landing—where you want large 

wings, ailerons, flaps, etc. We’ve spent the last two 

years optimizing Overture for these two missions.

“We’ve also developed proprietary technologies, 

like engine inlet designs that enable highly efficient 

supersonic flight. We’re deploying a synthetic vision 

system to enhance pilot visibility and safety vs. using 

a heavy mechanical nose like the Concorde droop 

snoot, which needed to be lowered on takeoff and 

landing for pilot visibility.”

High flying

Many of the drivers behind Boom’s goal of offer-

ing supersonic flight come down to the benefits of 

“speed”. Speed powers growth and transforma-

tion, and new opportunities opened up through 

sustainable supersonic flight, for both business 

and tourism, will include the ability to shrink three-

day business trips to a single day and making now 

rarely visited cities into major destinations. This 



can also lead to implications in quality of life and 

healthcare, such as improved long-distance rela-

tionships or even the ability to bring a donor heart 

in time to save a life, when a few hours can make a 

huge difference.

Global leaders will more easily be able to meet 

face-to-face to solve crises, while in-person experi-

ences will help to improve cultural understanding. 

As per the terms of the US Air Force contract men-

tioned at the start of this article, Boom has received 

two contracts to support Overture’s use within 

the US Air Force. The contracts explore uses that 

include executive transport, logistics and intelli-

gence platforms. 

However, Boom’s primary objective is commercial: 

Overture will be able to operate out of all major 

international airports without any modifications 

to terminal design or runway length. The super-

sonic airliner is intended as a competitive tool 

to attract the most valuable passengers, driving 

increased profits.

“Ultimately, we believe that every international air-

line will need supersonic to stay competitive,” the 

company concluded.

Image: Boom Supersonic

Boom has prioritized efficient design for high speeds 
and has optimized the Overture aircraft.
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Max Haot sold his streaming video busi-
ness to Logitech and started one of the 
most successful space startups, thanks to 
the company’s ability to implement AM on 

rocket engine design. Now Tim Berry joins 
Launcher bringing his AM experience from 
SpaceX. What’s next?

From virtual 

space to Launcher 

Space via AM

INTERVIEW



Launcher is one of the most successful space start-

ups ever, for, among other things, having achieved 

revenue generation five years ahead of schedule 

and selling multiple Orbiter missions. Max Haot 

founded the company after selling his previous 

company, Mevo, a specialist in software and hard-

ware for streaming videos in the virtual space, 

to Logitech. His digital know-how also led him 

to adopt AM early in the development of rocket 

engines and parts.

Launcher was the first engine manufacturer to 3D 

print a monolithic copper chamber (now other 

launch companies are following suit) for the compa-

ny’s “E-2” liquid rocket engine that will power the 

Launcher Light small launch vehicle. It also devel-

oped the highest performance kerolox chamber 

ever made in the US, second only to Russian-made 

RD-180 in the world. (This is a particularly heartfelt 

topic for Launcher, which was one of the first com-

panies to relocate its Ukranian-based developers 

and engineers to Bulgaria after the Russian inva-

sion.) In addition, Launcher designed and built a 

high-performance space tug/hosted payload plat-

form called “Orbiter”, from clean sheet to testing, 

in just one year. As Launcher prepares for the next 

phase of its race to space, Tim Berry, former Head 

of Additive at SpaceX, joined the company as Head 

of Manufacturing. We had the unique opportunity 

to ask him what comes next.

Founded by Max Haot, Launcher has already 
sold multiple Orbiter missions.
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3dpbm: Let’s take a couple of steps back. In your 

view, why and how is AM a key technology for 

manufacturing rocket engines?

Tim Berry: AM allows rapid iteration, versatility and 

a high density of complexity which are all incredi-

bly important when manufacturing rocket engine 

hardware. The ability to print multiple revisions of 

a part sequentially without having to reconfigure 

tooling as well as the potential to produce many dif-

ferent geometries using a single machine provides 

significant flexibility and a quick feedback loop for 

innovation. The intricate internal geometries of tur-

bopump and combustion chamber hardware can 

only be produced while simultaneously minimizing 

part count using AM vs traditional manufacturing 

methods (casting, forging, brazing, etc.).

3dpbm: Why and how would you say that the 

AMCM and Velo3D specifically as ideal systems 

for your needs?

Tim Berry: AMCM, EOS and Velo3D have all been 

amazing partners for Launcher as we have scaled up 

from a small design team to a world-class rocket and 

spacecraft company. Launcher is focused on ver-

tical integration and as a result we use OS options 

very sparingly, with the ultimate goal of making 

everything in-house.

For EOS/AMCM, Max provided feedback in the 

early days of our company that LPBF machine build 

volumes at the time were not sufficient to support 

consolidation of hardware or the manufactur-

ing of large monolithic rocket engine combustion 

chambers, and, as such, a larger option would be 

necessary. This is credited with being the inspiration 

for the M4K printer which represented an increase of 

build volume from 400 x 400mm (EOS M400) to 450 

x 1000 mm (AMCM M4K) and enabled our cham-

ber/sea level nozzle to be printed in a single piece. 

Beyond the AMCM M4K, Launcher also has an EOS 

M300-4 with multiple powder dispensers that make 

it extremely easy to switch between materials, which 

is another huge boon for innovation in the R&D 

phase and has allowed us to experiment until we find 

the best possible option to suit each application.

Velo3D has changed the game with their Sapphire 

manufacturing solution which allows so much more 

design freedom than previously possible in the LPBF 

space. DfAM, in my opinion, needs to become a 

thing of the past and designers should be free to 

create the most optimal hardware possible without 

compromising to enable printing. This is where Velo 

comes in: their Support Free technology and Flow 

pre-print software are amazing tools to produce 

highly complex rocket and spacecraft hardware. 

Flow makes it super easy for us to create build files 

and the same file can be loaded onto any Sapphire 

anywhere in the world while achieving uniform, qual-

ity results which has allowed us to leverage a CM 

network easily when extra capacity is needed. Now, 

with the release of their XC/XC1M platforms, they 

are bringing their cutting-edge technology to the 

large format market, and we’re excited to see all the 

great hardware that can be printed on these tools.

So, to sum it all up: both companies have strengths 

that complement our design, manufacturing and 

supply chain organizations and we very much enjoy 

our partnerships with them.

3dpbm: What specific challenges have these tech-

nologies helped you to solve?

Tim Berry: One of the primary challenges that LPBF 

has helped us solve is the production of heritage 

designs, which were originally made in multiple 

pieces and with expensive tooling that is not read-

ily available or cost effective. Launcher officially 

licensed a turbopump design that was originally 

used on the RD-8 engine of the Zenit rocket from 

Ukraine which was used for Sea Launch.
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In order to preserve the flight-proven design of the 

hardware, we did not make significant updates, 

which meant that we had to find the best method 

to produce the internal geometries. LPBF allowed 

us to utilize readily available US materials and rap-

idly manufacture pump components without having 

to invest in tooling for castings or forgings in addi-

tion to minimizing required labor to assemble them 

from many pieces.

 

3dpbm: Do you also run other metal PBF 

machines or other AM technologies? And if 

so, which ones?

Tim Berry: Currently no, but we are looking to 

expand our usage of LPBF with the addition of 

more machines as well as doing preliminary devel-

opment work with other AM methods (DED, 

Cold-Spray, EBM, etc.) for future applications on 

both Light and Orbiter.

3dpbm: Why did you specifically decide to get 

into the space industry?

Tim Berry: I have had a passion for space since 

I was young. Every science project I did was tied 

to the solar system and astronomy, and I watched 

every shuttle launch with my parents, enthralled 

by the magic of leaving the Earth’s atmosphere for 

the great unknown. Throughout high school, this 

passion for space continued and I immersed myself 

in the history and technology used in the aero-

space industry. 

When I started at SpaceX, it was a dream come 

true for me to be able to work on such amazing and 

game-changing hardware while helping humanity 

to become a spacefaring civilization, something that 

was near and dear to the hearts of all I worked with. 

My time there prepared me for my next adventure at 

Launcher and I couldn’t be more excited about our 

mission and the many milestones to come.

3dpbm: What’s in store for Launcher? Can you 

give us an idea of the next key milestones?

Tim Berry: Our primary focus currently is flying our 

first Orbiter mission later this year on the SpaceX 

Transporter-6 rideshare mission. I have been hon-

ored and humbled to see the team here grow and 

rise to the occasion of designing and building a 

badass, reliable spacecraft in a relatively short 

amount of time. Although most of our focus is on 

Orbiter, we are also continuing development of E-2 

and Light (inaugural launch in 2024) and have some 

key engine milestones later this year.

3dpbm: Five years from now, how many AM 

systems do you think a company like Launcher 

could have in-house?

Tim Berry: I would estimate 10-15 systems within 

five years. The demand for Orbiter has been incred-

ible and we expect it to grow substantially as we 

complete missions and build up heritage. In addi-

tion, the global launch market will continue to grow 

exponentially and consequently many launch ser-

vice providers will be needed to meet the demand. 

Given the projections for both of our products, 

we anticipate needing to scale up manufactur-

ing significantly which will entail increasing our AM 

capacity accordingly.

Upcoming 2022 Milestones

Orbiter SN1 - NET – October 1st

E2 Full Turbopump Test – August
E2 Integrated Test (Pump & Chamber) – Q4



3dpbm: Can you tell us what some of the most 

valuable lessons are in using AM that you learned 

during your time at SpaceX?

Tim Berry: There are two lessons that are very 

important for anyone doing high-volume AM. [One 

is that] there must be an immense sense of urgency 

with turnovers once you’re in serial production and a 

drive to achieve 85% + productive utilization on any 

print platform. A printer that has finished its build is 

like an aircraft on the ground, it isn’t making money 

or being effectively utilized and must get back into 

the air (or printing) as soon as safely possible. [The 

second one is that] you must be very discerning 

when selecting a method for producing hardware, 

and generally should not print anything where the 

density of complexity that AM adds is not needed.

3dpbm: How do you think AM technolo-

gies will evolve? 

Tim Berry: Bigger, higher quality, more produc-

tivity. I believe over time that LPBF machines will 

continue to increase in size and throughput with 

larger build volumes and more lasers which will 

continue to reduce the capital cost per kilogram 

of printed hardware. As the capital cost of the 

printers lowers, the onus will next be on the feed 

stock manufacturers to be competitive and trim 

away margin to reduce overall hardware cost, par-

ticularly with refractory materials. Additionally, 

there will be an expansion of the use of comple-

mentary additive manufacturing methods that 

leverage the strengths of each to create further 

optimized hardware.

Image: Launcher

According to Tim Berry, Launcher plans to have between 10-15 
AM systems operational within the next five years.
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3dpbm: Which evolutions would most help a com-

pany like Launcher?

 

Tim Berry: Lower costs are always the bedrock of a 

new space business. SpaceX has shown that access 

to space can be significantly increased if a company 

focuses on vertical integration and lowering costs, 

so this is a vital change that needs to happen in an 

industry that is plagued with high cost and long lead 

times. Additionally, higher productivity will also help 

to reduce the overall cost per kg of printed hardware 

and allow faster builds that shorten lead times.

“For material, better materials are needed at a lower 

price point to reduce the barrier to entry for new 

space startups. Buying C-103 or Rhenium for thou-

sands of dollars per kg is not sustainable and the 

supply is very limited. I believe there is a long way 

to go for refractory and nickel super-alloy pricing 

and that, with the wider selection of providers and 

access to base elements, the price will be brought 

down to a reasonable level.

3dpbm: What needs to happen for the commer-

cial space industry and for the AM industry to 

develop even faster? Or are they already going as 

fast as they can?

Tim Berry: First and foremost, the commercial space 

industry is growing exponentially, and it will continue 

for the foreseeable future, so the line that there’s 

too many providers and the industry is shrinking 

is inaccurate and counterproductive. Additionally, 

government assistance should be further expanded 

outside of the edifice of aerospace primes to new 

space startups to help drive down costs for the 

American taxpayer and ensure a level playing field 

where competition is encouraged.

As for the AM industry, early education is needed to 

sow the seeds of curiosity and ingenuity as well as 

let teens and young adults know there are amazing 

and fulfilling career opportunities available if they 

work hard. Spreading knowledge and ensuring the 

next generation of engineers are aware of and utilize 

the tools available to create the most optimal design 

using the most well-suited production method will 

be vital to adoption and growth of AM. As members 

of the international additive manufacturing commu-

nity, we should highlight the benefits of using these 

techniques over traditional production methods and 

where printing can add immense value so that it is 

always a part of the conversation. I am very much 

looking forward to seeing AM grow far beyond 

the space industry and help to improve manufac-

turing worldwide.

“ Spreading knowledge and ensuring the 

next generation of engineers are aware 

of and utilize the tools available to create 

the most optimal design using the most 

well-suited production method will be vi-

tal to adoption and growth of AM.”
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Relativity is ahead 
of (its) time

INTERVIEW

As Relativity Space prepares the first orbit-
al launch of its 3D printed Terran-1 rocket, 
Josh Brost, VP of Business Development, 
took the time to answer our questions on 

the company’s unique use of AM.



Moving along at rocket speed, Relativity Space 

is currently through all the production mile-

stones for first launch of Terran 1 this year and is 

already underway printing another Terran 1 for 

the upcoming NASA VCLS mission. It’s important 

to acknowledge that the minute that Terran 1 lifts 

off, space will be forever changed—Terran 1 is the 

largest metal 3D printed object to exist, much less 

attempt orbital flight. Another major next step for 

Relativity will be the launch of Terran R—its fully 

reusable, entirely 3D printed rocket—from Cape 

Canaveral in 2024. How has Relativity come this far 

and how much does AM factor into the picture? 

A lot more than anyone imagined. We discussed 

these incredible achievements with Josh Brost, VP 

of Business Development.

3dpbm: Relativity is leading the next genera-

tion of space startups relying on AM to lower the 

costs of orbital launches. Do you think AM is help-

ing the space industry grow or the space industry 

is helping AM to evolve? Are the two inextricably 

connected? If so, why have some companies not 

yet fully embraced these technologies?

Josh Brost: The space industry and additive man-

ufacturing are inextricably linked: we’re expanding 

what’s possible in 3D printing while also benefit-

ing from the commercial innovations in AM. We 

view additive manufacturing as an automation 

technology—and the future of aerospace manufac-

turing—because it empowers designers, engineers 

and builders to iterate and improve product design 

Relativity Space developed the Terran 1, the largest 

metal 3D printed object in the world.

Image: Relativity Space



and production at a much faster rate than traditional 

manufacturing methods. It’s also the only way that 

the industry will be able to successfully manufacture 

the necessary technology and infrastructure needed 

to support our existence on another planet.

3dpbm: How, when and why did the idea of using 

AM for both the stage and engines first emerge?

Josh Brost: First and foremost, we really see 3D 

printing as the technology that’s going to help us 

get to the future—faster—for a variety of reasons. 

But the initial idea to tap into the potential of 3D 

printing came from our co-founders, Tim Ellis and 

Jordan Noone, following respective stints at Blue 

Origin and SpaceX. The industry was using 3D 

printing, but not in a way that truly leveraged its full 

potential. It was an approach that made 3D print-

ing complimentary to the existing manufacturing 

process, rather than as the central technology driv-

ing future development. No one was really focused 

on the bigger picture and long-term potential, so 

Relativity was founded on the idea that AM—at the 

right scope and scale—will successfully build the 

multi-planetary future we’re envisioning.

 

3dpbm: Can you describe what are some of the 

biggest challenges you overcame in moving from 

the initial idea into actual additive production?

Josh Brost: From the start, our goal has been to 

launch the first 3D printed rocket from Mars. To 

achieve that goal, we had to set out to launch the 

first 3D printed rocket from Earth, and in order to 

do that we had to create the world’s largest metal 

3D printer, which we call Stargate. And that was a 

big challenge. We worked a lot on the material sci-

ence—the actual physics of how the 3D printing 

process works—to make sure the quality was good 

enough to print a rocket. We had to come up with a 

way to simulate the printing process, develop all the 

control algorithms using computer vision and collect 

that data then correlate it with the material science 

element of inspecting the material quality and build-

ing this correlation and learning matrix over time. 

That’s what we had to develop to be able to print full 

scale rockets, stage structures. It was a long process, 

but one that ultimately paid off.

 

3dpbm: What are the challenges in creating parts 

as large as the ones in the Terran 1 stage 1? How 

did you overcome them?

Josh Brost: Relativity had to invent the ability to 

print large-scale parts with the Stargate platform, 

such as the Terran 1 first stage, prior to designing 

or manufacturing our first flight vehicle. The devel-

opment of Stargate required that Relativity solve 

complex problems and invent new capabilities in 

robotics, analyses and inspection techniques, while 

developing bespoke alloys.

 

As you might expect, having the physical space to 

build something as large as Terran 1 and Terran 

R—and at the scale for the business—was some-

thing that had to be taken into consideration from 

the start. In 2021, we expanded our manufacturing 

footprint with the addition of a 1MM+ square-foot 

factory HQ in Long Beach. This, coupled with the 

deployment of our Stargate 4th generation print-

ers, allows us to take production to new heights, 

scale and quality.

 

3dpbm: Can you give us an idea of how many 

and which parts are printed (including both body 

and engine parts)?

Josh Brost: While some companies in the indus-

try have adopted 3D printing for select pieces, we 

can print 95% of our rockets using proprietary 3D 

printing technology, metallurgy, aviation and man-

ufacturing techniques. The entire primary structure 

(airframe) of Relativity rockets and the core compo-

nents of our engines are entirely 3D printed.
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3dpbm: Can you explain what the main 

advantages of using 3D printing are in your pro-

duction workflow? Including both Stargate and 

DMLS technologies.

Josh Brost: In a nutshell, 3D printing allows for a 

more efficient rocket building process, including 

fewer steps, fewer pieces and fewer raw materi-

als. What used to take years to develop and build 

now only takes months thanks to a highly adapt-

able, scalable and automated process. Long term, 

a major benefit of 3D printing rockets is the abil-

ity to more rapidly democratize space due to the 

incredible cost effectiveness, radical flexibility 

and customization.

 

3dpbm: Do you also use 3D printing for pro-

duction of parts in other materials (polymers, 

composites or ceramics)? If not, do you intend to 

in future versions of the rocket?

Josh Brost: Relativity has in-house capabilities to 

print a variety of metallic alloys using a number of 

different additive manufacturing platforms and tech-

nologies. At this time, Relativity only prints metallic 

flight hardware. 

3dpbm: How were you able—more so than many 

other companies using AM—to convince inves-

tors to believe in your vision early on?

Josh Brost: As mentioned earlier, no one in our 

industry was looking at or taking full advantage of 

AM’s potential for aerospace manufacturing, so for 

our initial investors—like Mark Cuban—Relativi-

ty’s vision was really attractive. Currently, we’re the 

second most valuable private space company after 

SpaceX, with a valuation of $4.2 billion.

 

Relativity is unique in its decision to develop a rev-

olutionary additive manufacturing platform and to 

simultaneously develop a revolutionary product that 

is enabled by the platform. This symbiotic relation-

ship has allowed Relativity space to rapidly build its 

commercial backlog faster than any other launch 

services company in history.

“ 3D printing allows for a more ef-

ficient rocket building process, 
including fewer steps, fewer piec-

es and fewer raw materials. What 

used to take years to develop and 

build now only takes months.”



 3dpbm: In your vision, how many 3D printers will 

be installed and operational in the Relativity Fac-

tory of the Future and when it will be completed?

Josh Brost: Relativity’s Factory of the Future already 

has printers installed and is actively manufactur-

ing hardware. While the facility will be completed in 

several phases, we expect to continue to expand its 

capabilities for years to come.

 

3dpbm: Can you give us an idea of the time-

line for the next production milestones 

after this launch?

Josh Brost: We’re currently through all the produc-

tion milestones for first launch of Terran 1 this year 

and are already underway printing another Terran 1 

for our upcoming NASA VCLS mission. It’s import-

ant to acknowledge that the minute that Terran 1 

lifts off, space is forever changed—Terran 1 is the 

largest metal 3D printed object to exist, much less 

attempt orbital flight. Another major next step for 

Relativity will be the launch of Terran R, our fully 

reusable, entirely 3D printed rocket, from Cape 

Canaveral in 2024.

Relativity Space plans to launch the Terran 

R from Cape Canaveral in 2024.

Image: Relativity Space
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Velo3D machines helped SpaceX open-up 
commercial space. Now the Silicon Valley 

company wants to do the same for the  
European aerospace and energy industries.

At the heart of 

Europe’s metal PBF

INSIGHTS



No AM hardware company has been able to 

gain rapid adoption in the aerospace segment 

like Velo3D has. Started just a few years ago, the 

company has already grown into a publicly listed 

company on track to achieve $90 million in yearly 

revenues. Its machines are used to produce many 

of the most high-profile engines and engine parts. 

They are used by innovative startups like Launcher, 

space pioneers like SpaceX and aerospace giants 

like Honeywell, just to name a few. Now Velo3D 

wants to keep growing and bring its success sto-

ries to new places, expanding into new application 

areas such as the energy industry and new inter-

national markets such as Europe. To do so, Velo3D 

opened its European Technical Center in Augsburg, 

Germany. 3dpbm was present at the ceremony and 

had the opportunity to sit down with CEO Benny 

Buller and Dirk Rathsack, Managing Director Sales & 

Technical Sales EMEA to learn more about the com-

pany’s technology and strategy.

Part of something bigger

“This headquarters in Augsburg is part of a bigger 

context, which is that, until now, around 90% of our 

business has been based in the United States, where 

we have become a well-known entity,” begins Bulller. 

“We have a very good momentum, particularly with 

industrial customers, industrial applications, manu-

facturing applications, and we want to build on it.”

Velo3D recently opened a new European 
Technical Center in Ausburg, Germany
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Buller attributes Velo3D’s ability to grow into an 

already crowded US metal PBF market to the unique 

value proposition that sees Velo3D focusing only on 

offering its customers the ability to solve manufac-

turing problems that they cannot solve with other 

AM solutions. “When we work with the customer 

and we don’t see a way for us to help them in a 

unique way, we simply suggest that they continue 

using their current technologies.”

Now Velo3D is looking to export this success-

ful business model to Europe. Starting not from 

just anywhere in Europe but from the very heart 

of the German metal PBF community. Augsburg, 

Munich, and by extension the entire Bavaria region, 

is where all the leading metal PBF companies have 

originated and where many first adopters of the 

technology are based.

“Many companies in this area have in-depth knowl-

edge about using AM and we expect that, like in 

the US, they will use us to solve manufacturing 

problems and that they’re going to use our capabili-

ties routinely in manufacturing. Not as a prototyping 

solution, but a full-scale production solution.”

Germany represents the beginning and the heart of 

Velo3D’s European campaign, but it’s not the only 

key market. Dirk Rathsack, Managing Director Sales 

& Technical Sales EMEA, has the task to coordinate 

Velo3D’s efforts across four key EMEA markets: Ger-

many, Italy, the UK and France.

He wasn’t selected casually: he spent six years as 

the VP of Sales Europe at Proto Labs, another inno-

vative AM company (albeit an AM service provider 

and manufacturing outsourcing) originating from 

the US. He joined after the Proto Labs acquisition 

of Alpha Form in 2015 and has led the company’s 

growth in Europe for six years, all the way to Proto 

Labs’ inauguration of a new European HQ—also in 

the Munich area. Now he is tasked with a new and 

fascinating challenge, as he brings a new metal PBF 

solution to the region. And it’s starting with the 

opening of the new HQ.

“I joined Velo3D two months ago with the aim of 

accelerating the ramping up of our business in 

Europe. We want to replicate the success we have 

been seeing in the US and our growth has been 

extremely rapid, as we went from just one-person 

last year to 14 people today,” Rathsack tells 3dpbm. 

This very fast US-like growth is driven by different 

factors including the fact that customers in Europe, 

especially in industries such as aerospace and oil & 

gas, are very much ready to adopt Velo3D’s solu-

tions. “We believe that the markets will see the 

strength of our proposition,” he adds, “because 

we are able to offer an added value for custom-

ers in markets such as France, Germany and Italy 

that already have a broad installed base of metal 

PBF capabilities for aerospace and energy, includ-

ing oil and gas.”

Ausburg and the broader Bavaria region 
are the home of metal PBF.

Image: 3dpbm
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Getting to the heart of Velo3D

But what is it exactly that Velo3D does so differ-

ently from other metal PBF companies? The easiest 

answer has always been that they are able to print 

complex parts, with low angles and long curved 

overhangs—often without supports. This addresses 

a critical but often overlooked limitation of metal 

PBF: the technology should be used for very com-

plex parts but these parts either require extensive 

and costly post processing to remove supports via 

CNC or extensive (and also costly) design adjust-

ments to make it so that the part requires fewer 

supports. But how exactly does Velo3D’s solution 

enable support-free metal PBF and how reliable 

is the process? 

“First, we need to clarify what supports are for. 

Contrary to what many people think who are not 

directly involved with metal PBF part engineering, 

the supports are not supporting anything. There is 

a powder bed for that. Instead, supports are used 

as “anchors” to keep the metal parts from warping,” 

Buller explains. “So we worked to solve this issue 

and the way we did it is first of all by using advanced 

software to take into account the part geometry and 

mitigate the accumulation of stress and warpage. 

But some warping is unavoidable, so we designed 

a very advanced, adaptable, non-contact recoater 

that can avoid the lifted parts and apply new powder 

only where it is needed.”

Velo3D wants to exploit this ability to print parts 

with few or no supports and very low angle over-

hangs, offering its European customers the ability to 

print their design without any modification. “Today 

AM users need to optimize their design to make it 

printable,” adds Rathsack, “but that optimization for 

additive manufacturing is moving them away from 

an optimal product from a performance perspective. 

With our technology they can achieve thin walls and 

low-angle geometries, which are some of the big-

gest challenges when building complex parts such 

as heat exchangers and manifolds.”

Another way that Velo3D intends to stand out is 

by offering the ability to make very large parts, 

quickly. That’s why the Sapphire 1MZ and the even 

“ Today AM users need to optimize 

their design to make it printable. 

But that optimization for addi-

tive manufacturing is moving them 

away from an optimal product from 

a performance perspective.”



larger 8-laser Sapphire XC 1MZ were developed. 

“These machines were developed and launched 

because customers were asking us for them,” Rath-

sack explains. “We knew it was a major challenge 

and now the machines are here giving custom-

ers the unique ability to print complex, large parts 

in one run with all the benefits that come from no 

further assembly.”

A metal PBF alliance

At the center in Augsburg, Velo3D clients will be 

able to see a standard Sapphire system at work but 

that is not a limiting factor as the technology works 

in much the same way across all of Velo3D’s solu-

tions. The center will serve to manage the company’s 

operations in Europe, host customers for training 

and conduct meetings with customers and partners. 

Velo3D’s European customer success, sales and 

support teams will reside in the technology center, 

which will act as the hub for the company’s efforts 

in the region and showcase an end-to-end additive 

manufacturing solution from the company.

“Our team in Europe today is composed of sales 

and business development figures, technical sales 

engineers, application engineers and field service 

engineers. It’s a very technical team that is focused 

Aerospace companies are among those who had 

leverages Velo3D’s Sapphire metal AM systems.

Image: 3dpbm
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on serving customers in the four key countries,” 

Buller says. “We need French speaking people sup-

porting French customers, Italian speaking people 

supporting Italian customers and so on. What you’ll 

find here in Augsburg is a machine and a technical 

team to operate this machine and train custom-

ers. But the rest of the team is scattered around 

all of Europe.”

In the US, Velo3D has been very active in segments 

such as space and aviation, including commercial 

business, civil aviation and defense. More activity has 

come from energy, so mainly oil and gas upstream 

and downstream as well as power generation, mostly 

gas turbines. Newer application segments include 

the semiconductor industry and automotive tooling. 

“Here in Europe, we expect to find the same markets, 

but with some differences for each market,” Rathsack 

concludes. “For example, the United Kingdom is 

going to be mostly aerospace and some oil and gas 

activity. In France we’ll find a lot of energy as well as 

aerospace. In Italy, there are many oil and gas suppli-

ers and power generation activities. In Germany, we 

expect to see a lot of automotive tooling activity, so 

every country is going to be a little different.”

Another key industry will of course be the defense 

segment and, as an American company, Velo3D 3D 

will only do business with American allies. From that 

point of view, the connection between the four key 

European markets and the US could not be any stron-

ger than it is today.

Velo3D expects the UK and French markets will primarily be 
interested in its technology for aerospace applications.
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An excerpt of our exclusive podcast 
interview with Mike Curtis-Rouse, Head 
of Access for Space at Satellite Applica-

tions Catapult.

Catapulting AM 
into space

PODCAST



Space is the “initial” frontier for AM. One of the 

industrial segments where AM production made the 

most sense from the very start and where AM has 

helped enable the development and growth of a 

new, vibrant commercial space industry.

Exploiting the innovation potential in the UK indus-

trial and academic communities, Space Applications 

Catapult is a focal point where small and medium 

enterprises, large industries and end-users can work 

together with researchers to challenge barriers, 

explore and develop new ideas and bring them to 

commercial reality.

As Head of Access for Space for the Satellite 

Applications Catapult, Mike Curtis-Rouse leads a 

multi-disciplinary team of engineers, technologists 

and analysts with mission heritage in spacecraft, 

launch and operations combined with expertise 

from the automotive, manufacturing and maritime 

sectors. The ambition is to ensure that the UK sits 

in the vanguard of this new era, being competitive 

in technologies including propulsion development 

and testing, In-Orbit Servicing and Manufacturing 

(IOSM), devolved operation centers, space situa-

tional awareness and solar energy from space.

Mike works with many launch vehicle compa-

nies across the world and is heavily involved in the 

UK’s launch and spaceport program. Prior to Cat-

apult, Mike worked for Reaction Engines Ltd, the 

European Space Agency, Rutherford Appleton Lab-

oratory and CERN.

“First I’d like to clarify that Satellite Application Cata-

pult does not actually involve catapulting spacecraft 

into space,” Mike told 3dpbm. “We certainly like 

to catapult innovation. We’re a  research technol-

ogy organization and the easiest way to describe 

it is to think of Fraunhofer, the German research 

The SAC invested in a MetalFAB1 system from Additive 
industries, a highly scalable metal AM solution.
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organization. We’re modeled on a very similar con-

struct. We’re an organization funded in part by 

the UK government and in part by the commercial 

research and consultancy we conduct as well as the 

grants that we secure for ourselves. We’re about 200 

people over several sites in the UK and we focus on 

getting innovation from low technology readiness to 

high technology readiness levels.” 

Looking at space technology, this means that SAC 

is not just about satellites and their applications. It’s 

also about spacecraft and launch services. It’s about 

space-based nuclear and solar power generation, 

in-orbit services and manufacturing and a whole 

variety of other areas.

“Additive is really a great match for the space indus-

try because space companies have to make parts 

that do not yet exist in very small volumes and even 

one-offs,” Mike explained. “AM allows us to effi-

ciently deliver bespoke components that are almost 

unique, with unprecented design flexibility. They 

can use AM to go directly to part production, start-

ing with low volumes and with the ability to scale at 

a later date.” 

For this focus on space production applications, 

SAC invested in a MetalFAB1 system from Additive 

Industries, a machine developed specifically with 

automated parts production in mind. “It’s a fabu-

lous machine,” Mike continued. “I’ve known Additive 

Industries since they got off the ground and what 

I really like about the MetalFab1 system is that it’s 

made for scaling production. One of the issues that 

we have with many metal additive, laser powdered 

systems is that they are still to an extent designed 

for research and development. They’re still designed 

for early stage validation and manufacturing. The 

MetalFab1 turns the system basically on its head. 

It says outright we’re going to build stuff now. In 

order to do this you can install multiple machines 

but every machine will give slightly different results. 

The MetalFab1 system allows you to get into higher 

throughput production using a single machine, 

taking away all variants in terms of optics, power 

handling and processes.”

Full interview

You can listen to our full exclusive interview 

with Space Applications Catapult’s Mike 

Curtis-Rouse on the 3dpbm Pulse Podcast.

Listen now

“  Additive is really a great match for the space 

industry because space companies have to 

make parts that do not yet exist in very small 

volumes and even one-offs. AM allows us to 

efficiently deliver bespoke components with 
unprecedented design flexibility.”
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A lot more than you may think (spoiler: 

probably between 200,000 and 500,000) 

but a lot less than could be.

How many 3D 
printed parts are 

actually flying?

MAPPING



We’ve been talking about how AM can help address 

many production challenges in the aerospace indus-

try for well over a decade now. How many of those 

value-added application cases have turned into real-

ity? With some help from our coverage on 3D Printing 

Media Network, let’s take a look at some of the big-

gest news and announcements that emerged over 

the past five years.

2017

Stratasys Direct Manufacturing and 

Airbus print thousands of cabin parts

Back in 2017, Stratasys Direct Manufacturing began 

working with Airbus to produce 3D printed poly-

mer parts for use on A350 XWB aircraft. As a result, 

the company is printing non-structural parts such as 

brackets and other parts used for system installation 

on Stratasys FDM production 3D printers using 

ULTEM 9085 material. The project has helped Airbus 

achieve greater supply chain flexibility and improve 

cost competitiveness while leveraging on reduced 

material consumption and waste.

Stratasys and Airbus share a history of collaboration, 

having worked together since 2013 on the imple-

mentation of FDM technology for Airbus tools and 

flying parts applications. This collaboration led to the 

qualification in 2014 of ULTEM 9085 material for the 

production of flying parts on Airbus aircraft. Since 

2015, Airbus has installed thousands of FDM flying 

parts on aircraft, now extending to the A350 XWB.

Premium AEROTEC 3D prints 10 flight 
critical metal parts for Airbus A350

Premium AEROTEC, a subsidiary of Airbus and a 

manufacturer of aero structures in its own right, has 

3D printed bracket installed in an 
A350 pylon for Airbus.
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been a key adopter of additive manufacturing tech-

nologies in the aerospace sector. Notably, in 2015 

Premium AEROTEC opened a manufacturing facility 

dedicated entirely to AM. And in 2016, the com-

pany got approval from German certification board 

EASA to additively manufacture titanium parts for 

serial production of its A400M military aircraft. In 

2017, the company worked on the final qualifica-

tion for a set of 10 “bionically inspired” parts for the 

Airbus A350 program.

Etihad becomes first airline to 
design, certify and fly 3D printed 
parts under European agency

Etihad Airways Engineering received approval from 

the European Aviation Safety Agency (EASA) to 

design and certify 3D printed parts for aircraft inte-

riors, becoming the first airline MRO (Maintenance, 

Repair and Overhaul) under EASA to hold certifica-

tion approvals for 3D printed parts flying on Etihad 

Airways aircraft. With this approval, Etihad Airways 

Engineering joined the world’s leading aircraft OEMs 

in designing and certifying 3D printed parts. It is 

also the first Middle Eastern MRO to be granted an 

extended Part 21J Design Organisation Approval 

(DOA) by EASA to undertake major cabin design 

and modification.

Boeing orders FAA-approved, 3D 

printed structural titanium parts

Norsk Titanium, a global supplier of 3D printed 

structural titanium components, received a produc-

tion purchase order for the first 3D printed structural 

titanium components from aviation aerospace giant 

Boeing. The parts are produced using Norsk’s propri-

etary Rapid Plasma Deposition (RPD), a process that 

uses dual plasma torches to fuse titanium wire.

Boeing designed the components and collabo-

rated closely with Norsk Titanium throughout the 

development process. To certify these initial struc-

tural components on the Dreamliner, Boeing and 

Norsk Titanium undertook a rigorous testing pro-

gram with FAA certification deliverables completed in 

February 2017. Norsk Titanium is the first supplier for 

Boeing’s high deposition rate material specification.

2018

Oerlikon and Boeing standardize 

processes for 3D printed structural 

titanium aerospace parts

Boeing and Oerlikon signed a five-year collabora-

tion agreement to develop standard materials and 

processes for metal additive manufacturing. The 

agreement supports creation of standard titanium 

additive manufacturing processes. As of today, 

Boeing has 50,000+ 3D printed parts flying on com-

mercial, space and defense aircraft.

Boeing and Oerlikon use the data from this col-

laboration to support the qualification of additive 

manufacturing suppliers to produce metallic com-

ponents using a variety of machines and materials. 

The research initially focused on industrializing tita-

nium powder bed fusion additive manufacturing and 

ensuring parts made with this process met the flight 

requirements of the Federal Aviation Administration 

and Department of Defence.

GE Aviation3D printed 30,000 fuel 

nozzles for its LEAP engine

In 2018, GE Aviation reported that 30,000 fuel nozzles 

had already been 3D printed for its LEAP engines. 

The 30,000th printed fuel nozzle tip was made at GE 

Aviation’s plant in Auburn, Ala., where the jet engine 

maker opened the industry’s first site for mass pro-

duction using the additive manufacturing process. 

GE Aviation in Auburn began producing the nozzle 
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tip in 2015. More 3D printers have been added since 

the facility started additive production, and now 

more than 40 printers are making parts from tita-

nium metal powder.

2019

SAE International publishes first 
Additive Manufacturing Polymer 

Specifications for aerospace 
industry: AMS7100 and AMS 7101

SAE International released the first Additive Manu-

facturing Polymer specifications for the aerospace 

industry. AMS7100: Fuse Filament Fabrication Pro-

cess and AMS7101: Material for Fused Filament 

Fabrication represent the first specifications released 

under the AMS-AM Additive Manufacturing Non-Me-

tallic (AMS-AM-P) committee. These standards were 

created following a request from airlines through the 

International Air Transport Association (IATA)’s EMG 

to be able to 3D print plastic cabin parts.

The AMS7100 specification establishes the criti-

cal controls and requirements to produce reliable, 

repeatable, reproducible aerospace parts by FDM 

or other material extrusion production. This proce-

dure creates guidelines that FDM system users can 

follow to approve new machines, processes and 

materials. Specifically, this specification covers the 

configuration of the machine, operating software, 

machine calibration, machine and build parameters 

and testing methodology required to create certified 

aerospace parts.

Etihad Engineering opens facility 

for printing EOS polymer parts

Etihad Engineering, the Maintenance, Repair and 

Overhaul (MRO) division of the Etihad Aviation Group 

opened a new additive manufacturing facility in Abu 

Dhabi to make 3D printed aircraft parts leveraging 

technology from EOS. 

Installed at the Etihad Engineering facility near Abu 

Dhabi International Airport, the new 3D printing lab 

is equipped with an EOS P 396 powder bed printer, 

which is used to create 3D printed aircraft cabin parts. 

The printer is capable of producing serial parts from 

polymers such as PA 2241 FR, and has a total build 

volume of 340 x 340 x 600 mm. 

The modular system will allow the MRO to produce 

serial components, spare parts, functional prototypes 

and models directly from CAD data, and Etihad Engi-

neering says the 3D printing of cabin parts has the 

dual benefit of faster production cycles and reduced 

weight of parts.

Carpenter Technology and IAI partner to 

produce commercial aircraft AM parts

Carpenter Technology Corporation and Israel Aero-

space Industries (IAI) signed a collaboration to 

produce AM components for a serial production 

commercial aircraft.

Etihad airways opened a facility for 3D 
printing cabin parts in 2019.

Image: Ethiad Aviation Group



GE Aviation consolidated a new tip as a single piece using AM. It weighs 
25% less than the original part and is five times more durable.

Image: GE Additive

This partnership will result in IAI’s first metallic printed 

parts, which are expected to provide significant 

manufacturing benefits and lay the groundwork for 

future design improvements and enhancements. IAI 

is working closely with Israel’s Civil Aviation Authority 

for approval of the parts, which when accomplished 

will represent the first time this technology has been 

approved for commercial use in Israel.

2020

Boeing 777X makes maiden flight 
with GE9X engines—each engine 

has about 300 3D printed parts

Additive manufacturing history was made with the 

first flight of the Boeing 777X aircraft. That’s because 

each of the two GE9X engines powering the aircraft is 

built using over 300 3D printed parts (of which about 

80% are the titanium alumide engine blades). These 

parts were produced by GE teams at Avio Aero in 

Cameri, Italy and GE’s Additive Technology Center 

(ATC) in West Chester, Ohio.

Each of the GE9X integrates numerous AM parts, 

including the fuel nozzle tip that precisely sprays a 

mixture of fuel and air into the combustion chamber, 

low-pressure turbine blades and heat exchanger. 

Another, the inducer, helps pull out dust, sand and 

other debris the engine has ingested and extends 

its life. This type of component was so difficult to 

manufacture that it has never been used inside a com-

mercial GE jet engine before. “The inducer cannot be 

manufactured any other way, except by 3D printing,” 

said Zach Studt, Senior Manufacturing Engineer at GE 

Aviation. “Going forward, most engines will probably 

come with some version of that inducer.”
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Honeywell receives FAA certification for 
first 3D printed flight-critical engine part

Multinational conglomerate Honeywell obtained 

the first FAA certification for a flight-critical aircraft 

engine component made using 3D printing. The 

part in question, #4/5 bearing housing, is a major 

structural component in the ATF3-6 turbofan engine 

aboard the Dassault Falcon 20G maritime patrol 

aircraft. The 3D printed component is already in pro-

duction and has reportedly already been installed in 

an in-service aircraft.

The certification for the 3D printed component 

marked a milestone for the production of rare or 

obsolete aircraft parts for maintenance operations. 

The ATF3-6 engine was first designed in the 1960s 

and today there are only about a dozen operational 

engines remaining. Using AM Honeywell 3D printed 

the part in the low volumes required without incurring 

high costs or lead times.

Satair provides metal 3D printed flying 
spare part for A320ceo wingtip

Satair, an Airbus services company, provided one of 

its airline customers in the US with what is believed to 

be the first certified metal printed flying spare part. 

This A320ceo wingtip specific part was no longer pro-

curable from the original supplier, which led Satair to 

find an alternate solution. 

The A320ceo wingtip fences are installed in four dif-

ferent versions: starboard, port, upper and lower. 

These parts are A320ceo specific and no longer in 

production. The spare parts supplier had difficulties 

providing the cast part. This led to a regular loss of 

the molds, resulting in a potentially high investment 

cost for Satair to replace the molds for individual 

orders. Satair also studied other conventional options 

such as re-designing the part for machining technol-

ogy, but the resulting cost and lead-time implications 

were not competitive.

“ In 2020 Honeywell obtained the first 
FAA certification for a flight-critical 
aircraft engine component made using 

3D printing. The certification for the 3D 
printed part marked a milestone for the 

production of rare or obsolete aircraft 

parts for maintenance operations.”



2021

57,000 aerospace-certified 
components 3D printed in ULTEM

FDM Digital Solutions manufactutred over 57,000 

aerospace-certified components using ULTEM 9085 

materials on Stratasys extrusion 3D printers. Based in 

Burnley, UK, and formed in 2012, FDM Digital Solu-

tions has been at the forefront of 3D printing and 

has grown to be one the largest Additive Manufac-

turers in the UK.

With the largest commercially available FDM build 

envelopes and capacity in the UK—also provid-

ing Roboze technology and now also HP Multi Jet 

Fusion (MJF) technology—FDM Digital Solutions 

offers a wide range of engineering solutions in 

various sectors.

FIT AG to produce DfAM parts 

for Turkish Aerospace

Turkish Aerospace is an experienced specialist in 

aerospace manufacturing, while FIT AG’s subsidiary 

FIT Production is ISO-9100 certified for aerospace. 

Together, the partners are undertaking joint stud-

ies to optimize design and manufacturing processes 

to create innovative structural parts for aircraft, 

drones and satellites that cannot be produced 

conventionally. 

FIT and Turkish Aerospace will actively cooperate in 

both Lupburg and Ankara on topics of certification, 

manufacturing and development of new additive 

manufacturing technologies. Research priorities 

include technology development, evaluation of 

additive manufacturing processes, engineering pro-

ficiency, and qualification of materials. As a result, 

the availability of innovative components and spare 

parts can be increased, while realizing cost and 

quality effects.

Senior Aerospace BWT further 

enhances AM production capacity

UK-based Senior Aerospace BWT has enhanced 

its capability in additive manufacturing by install-

ing Stratasys 3D printers to spearhead the design, 

production and deployment of 3D printed interior air-

craft parts for its customers.

Senior Aerospace BWT first began investigating the 

commercial viability of Stratasys FDM 3D printing 

for interior aircraft parts over four years earlier via a 

technical partnership with a service bureau. Through 

the collaboration, Senior Aerospace BWT delivered 

its first duct incorporating a 3D printed part for flight 

use on regional passenger jets in 2018. Since then, 

the company has supplied its customers with hun-

dreds of lightweight, flight-ready interior aircraft parts 

using FDM. The company’s success with FDM laid 

the foundation for the investment in its own in-house 

capability via Stratasys’ local partner, Tri-Tech 3D.

The GE9X engine consolidated more than 300 
engine parts into seven 3D printed components

Image: GE Additive
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