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Welcome

Welcome to VoxelMatters’ Aerospace AM eBook, where we look at the latest
trends and innovations at the intersection of additive manufacturing and a ero-
space. Comprising civil aviation, space, and defense, the aerospace sector is one
of the most active in the adoption of additive technologies, whether its indu ~ s-
trial-grade polymer AM for aircraft cabin parts, or high-performanc e 3D printed
turbo engines used to power rockets.

In the following pages you will find stories from all corners of the aerospace
industry, starting with an analysis of how militaries around the globe are tur ning
to AM for drone manufacturing. Next we turn to the space sector, where Stoke
Space is leveraging Additive Industries’ MetalFab 420K 3D printer to deve lop
and produce its fully reusable Nova rocket. Metal AM innovations are also hap -
pening at Beehive Industries, which just committed $50 million for purchas ing
EOS M4 ONY X metal 3D printers to grow its engine production. In our interview
with COFO Darius Ehteshami, we discuss this growth and how integral AM is to
the defense company’s business. In our following feature we explore the imp act
that Prodways’ industrial ceramic AM technology and the digital foundry mo del
are having on jet engine turbines. In our mapping chapter we look at civil aviati on
with a comprehensive overview of the leading AM companies producing part s
for aircraft. And last, but certainly not least, is an interview with Materia lise’s
Aerospace Market Manager Eric De Zeeuw about how the company is currently
working with aviation suppliers to print over half a million flight-rea  dy parts.
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Analysis

From the front
line to the factory:
how 3D printing
took over drone
manufacturing

Military units in the US, UK, and Ukraine now print
their own drones in the field, while industrial
programs from Lockheed Martin to Beehive
Industries push additively manufactured

airframes and engines into serial production






Few application segments have adopted
additive manufacturing as quickly or as com -
pletely as drone production. In our market
research, we began covering the drone (UAV)
segment in 2018 and had already identified

it as a key opportunity for AM companies.
Our data have shown consistent growth

over the years, but few predicted the boom
this segment has experienced, driven by
rising global geopolitical tensions and rapidly
expanding commercial use. The combina-
tion of low part counts, lightweight polymer
and composite structures, constant design
iteration, and acceptable airframe lifespans
makes unmanned systems a natural match
for AM across prototyping, serial produc -
tion, and field repair. Over the past two years,
VoxelMatters’ coverage has seen drone 3D
printing move out of innovation labs and

into organic military production, wartime
mass manufacturing, and funded industrial
programs, while civil applications have devel -
oped in parallel.

Drone AM market taking off

According to VoxelMatters Research, total
drone-related AM revenue, covering hard-
ware, materials, services, and adopter
in-house production across the metal, poly -
mer, and ceramic segments, grew from
$495.5 million in 2024 to $642.5 million in
2025, arise of 29.7% and an absolute gain
of $147 million. Driven by significant gov -
ernment investments, military applications
outpaced civil applications, at 35.1% versus
23.7%, lifting the military share of the market
from 52.4% to 54.6%. Unfortunately, as is
often the case, recent defense needs have
driven much of this investment into military
technology, with commercial drone develop -
ment benefiting as a result.

Adopter in-house production grew fast -
est of any value chain stage, up 33.7% to
$353.2 million. Hardware (+22.7%) and
services (+25.9%) also saw solid growth.
AM services in particular have emerged

as a key asset for many drone companies
to expand their capabilities. While many
companies have brought some prototyping
and production in-house, especially for the
more sensitive defense applications, the
number of drone parts produced through
outsourcing has increased significantly.
The pattern reflects how this market now
operates: OEMs and prime contractors
increasingly print parts themselves but
also turn to AM services through very close
commercial relationships that often cover
the entire drone development-to-produc -
tion cycle.

By material, metal is both the largest seg -
ment and the fastest growing, reaching
$365.2 million in 2025 (+33% from 2024),
and it skews military: metal drone AM

was 64% military in 2025, consistent with
structural and propulsion parts on defense
platforms, and led by captive series pro -
duction ($244.7 million of segment revenue
came from adopter in-house production).
Polymer is the mirror image, $271 mil -
lion (+25.4% from 2024), 59% civil, and
spread more evenly across hardware, ser
vices, and in-house production, a profile
shaped by lighter commercial applica -
tions and prototyping. On the volume side,
drone-dedicated printer placements rose
14.1% to 28,142 units, with placements for
civil applications growing faster (+16.8%)
than for military (+9.8% from 2024): civil
leads on unit count while military leads

on value, meaning revenue per platform is
considerably higher on the defense side.



Armed forces are building the capability to
design, print, assemble, and repair drones
themselves, at the point of need, rather
than procuring finished platforms through
conventional contractor channels, exactly
the captive, in-house production that now
makes up more than half of the market’s
value.

Organic military production

The US Army’s 101st Airborne Division (Air
Assault) began 3D printing small unmanned
aircraft systems (SUAS) at the EagleWerx
Applied Tactical Innovation Center at Fort
Campbell, Kentucky, in preparation for the
division-level Operation Lethal Eagle exer-
cise. “This is bigger than simply printing
parts. We are reshaping the sUAS enter
prise at the tactical level,” said Col. Travis
Mclintosh, Deputy Commanding Officer

for Support of the 101st Airborne Division,
noting that the initiative affects everything
from airworthiness to parts ordering, field -
ing, and training. The program, developed
in collaboration with the 5th Special Forces
Group, produced drones at a fraction of the
cost of commercial SUAS.

The 4th Infantry Division followed a sim -
ilar path at Fort Carson, Colorado, where
the sUAS Innovation Platoon of the 4th
Combat Aviation Brigade, the “Dragonflies”,
combined drone operations with additive
manufacturing to produce replacement
parts for damaged aircraft, specialized
maintenance tooling, and custom payload
mounts directly in the field. The division
pairs this capability with STEM outreach
programs in the surrounding commu -
nity, building a pipeline of operators and
technicians.

Field exercises have pushed the concept
further. During Combined Resolve 26-1 in
Germany, soldiers from the 1st Battalion,
502nd Infantry Regiment of the 101st
Airborne tested the Widowmaker, a 3D
printed munition dropper mounted on a PDW
C100 drone. The system delivers M67 frag-
mentation grenades, M18 smoke grenades,
and training munitions, up to four grenades
per sortie, and was developed in-house using
standard-issue munitions, commercial 3D
printers, and CAD software. The design is
now being shared with the 101st’s innova -
tion lab at Fort Campbell and other units.

The US Marine Corps reached a regulatory
milestone in January 2026, when the 2nd
Marine Logistics Group developed HANX, the
force’s first National Defense Authorization
Act (NDAA)-compliant 3D printed drone.
Created by Sgt. Henry David Volpe, an aute
motive maintenance technician, on a 90-day
deadline at the Il MEF Innovation Campus at
Camp Lejeune, the first-person view (FPV)
platform contains no components from
adversary nations restricted under the NDAA
and received interim flight clearance from

the Naval Air Systems Command (NAVAIR).
HANX can be reconfigured for reconnais-
sance, logistics delivery, or one-way attack
missions, and arrives amid the Department
of Defense’s “Drone Dominance” initiative to
acquire 300,000 one-way attack drones by
2028.

Army research institutions are formalizing

the soldier-led approach. The DEVCOM Army
Research Laboratory developed SPARTA, an
experimental 3D printed drone co-designed
with soldiers, keeping total cost just above
$1,000 by concentrating crash damage in an
easily reprintable airframe while electronics



are reused. Soldiers from the 1st Infantry
Division tested SPARTA during the Danger
Gauntlet exercise at Fort Riley alongside
BISON, a mobile makerspace equipped with
3D printers, and ARL is now engaging with
industry to transition the platform to mass
production.

The capability also extends to the defen -
sive side of drone warfare. During Flytrap
5.0, a counter-UAS exercise held at Pabrad
Training Area in Lithuania in May 2026, the
2nd Cavalry Regiment’s dedicated addi-
tive manufacturing platoon fabricated the
mounts, brackets, and hardware needed to
integrate vendor counter-drone systems
onto Stryker combat vehicles, components
for which no off-the-shelf solution existed

in theater.

Allied forces are running parallel experi -
ments. The British Army manufactured and
deployed FPV attack drones in field condi-
tions during Exercise Bull Storm in Kenya, in
what officers described as a probable first
for the service. Soldiers from 3rd Battalion,
The Rifles produced five complete FPV
devices using portable 3D printers pow -
ered by field generators, assembling them
in a makeshift workshop built from a cam -
ouflage net attached to a Land Rover. Each
drone took about three and a half hours to
print and one more to assemble, at roughly
£400 ($550) per unit against approximately
£2,000 ($2,750) for comparable off-the-
shelf platforms, roughly a fifth of the cost
for a device built in the field in under five
hours. The manufactured drones flew at 190
mph (about 305 km/h) over ranges up to

15 miles (24 km), and FPV strikes replaced
much of what would traditionally have been
artillery and mortar fire during the exercise.
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Wartime scale

Ukraine remains the proving ground for
what high-volume drone AM looks like under
combat pressure. Reporters from United24
gained rare access to a secret Skyfall fac-
tory producing Vampire bomber drones and
Shrike FPV drones at industrial scale for
frontline units, including the Phoenix unit.
The Vampire, nicknamed “Baba Yaga” by
Russian forces, carries up to 15 kg of explo-
sive charge behind enemy lines, while the
Shrike has become one of the most widely
used FPV strike platforms in the Ukrainian
arsenal. Russian forces have responded in
kind, applying 3D printing extensively to their
own drone-on-drone warfare effort.

The technology developed under fire is now
moving to export markets. Skyfall has pre -
sented its systems internationally, including
the P1-Sun, a partially 3D printed modular
interceptor designed to counter Shahed-
type loitering munitions, drawing interest
from delegations across the US, Europe,
and the Gulf. The company is also deepen
ing localization of its platforms, replacing
Chinese components with domestically
produced ones, a supply chain concern that
mirrors, from the opposite direction, the
NDAA compliance requirements shaping U.S.
programs.

Industrial and serial defense programs

While soldiers print quadcopters in the
field, established defense manufacturers
are applying AM to compress development
timelines for more sophisticated unmanned
systems. Lockheed Martin’s Skunk Works
division and Divergent produced a nine-
foot (2.7-meter) wingspan UAS, known as



Replicator, from initial concept to first article
in less than 12 months, a timeline that would
typically extend across several years under
conventional manufacturing processes.

The effort drew on the Divergent Adaptive
Production System (DAPS), which integrates
design, analysis, manufacturing, and assem-
bly in a single digital environment, and grew
out of Lockheed Martin’s $25 million strategic
investment in Divergent in 2024.

Divergent’s defense footprint keeps wid -
ening beyond aerial systems. The company
worked with Raytheon, part of the RTX group,
to reengineer naval products using DAPS,
modernizing a decades-old design for scal -
able production in under five months despite
the absence of original tooling, and redesign -
ing a legacy effector with an 80% reduction in
airframe part count. The collaboration effec -
tively closes the land-air-sea triangle for the
DAPS production model, and the same logic,
digital design, additive production, no ded -
icated tooling, applies directly to the next
generation of unmanned platforms.

Anduril Industries has built AM into its pro -
duction model at the facility level. The
company’s Atlanta site, its base for air -

craft manufacturing, combines engineering
space with research and development labs,
a dedicated additive manufacturing lab, a
composites lab, a machine shop, and an
extensive production floor, a co-location

of the full design-to-production lifecycle
intended to accelerate iteration, with capac -
ity expected to reach hundreds of aircraft

per year. In 2025, Anduril and Rheinmetall
entered a strategic partnership to co-develop
software-defined autonomous air systems
for European defense, integrating a European
variant of the Barracuda, Anduril’s family

of cost-effective, mass-producible auton -
omous air vehicles, and the Group 5 Fury
into Rheinmetall’s Battlesuite digital sover -
eignty environment, while also exploring solid
rocket motor production for Europe based on
Anduril’s production processes.

Loitering munitions illustrate where the
airframe side of the market is heading.
Cummings Aerospace’s Hellhound S3, a tur-
bojet-powered, 3D printed kamikaze drone
capable of flying faster than 375 mph (over
600 km/h), completed its first flight on a US
Army test range at the Army Expeditionary
Warrior Experiment (AEWE) 2025. The
man-portable system, under 25 pounds (11.3
kg) including drone, launch canister, and
ground control, combines 3D printing with
DOD-approved commercial components, and
validated Technology Readiness Level 7 in a
GPS-guided mission with an inert warhead.
Hellhound is designed to give Infantry Brigade
Combat Teams precision-strike reach previ -
ously reserved for armored formations.

Propulsion has become an AM segment in
its own right, and a major reason the metal
segment leans heavily military in our data.
Beehive Industries, the Denver-based man-
ufacturer of additively manufactured jet
engines for uncrewed defense systems,
received a $29.7 million US Air Force con-
tract to complete vehicle integration, flight
testing, and qualification of its 200 Ibf
Frenzy 8 engine, with additional funding

for the smaller 100 Ibf Frenzy 6. The con -
tract supports the Family of Affordable Mass
Munitions (FAMM) prototyping effort led by
the Air Force Life Cycle Management Center,
part of a Pentagon-wide shift away from
high-cost, low-quantity weapons.
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Beehive validated the Frenzy 8 through
ground and high-altitude testing over the
past year and ran a Pathfinder program con-
firming a path to mass engine production
beginning in 2026. In June 2026, just ahead
of this publication, the company announced
an order worth more than $50 million for 30
EOS M4 ONY X systems, which EOS called
its largest single publicly disclosed order to
date, roughly doubling Beehive’s metal AM
fleet to about 50 machines to meet demand
for the Frenzy 8 in swarm-class drones. Itis
also developing the larger Rampatrt turbo -
fan for platforms that need more than 1,000
Ibf of thrust. “By harnessing additive manu -
facturing to collapse complex supply chains
into scalable, 3D printed propulsion, we are
providing the ‘affordable mass’ essential to
modern deterrence,” said Gordie Follin, Chief
Product Officer at Beehive Industries.

Ursa Major applies the same production
logic to rocket propulsion. The Colorado-
based manufacturer introduced Lynx, a
design and production approach that uses
metal 3D printing to produce solid rocket
motor cases and components, consolidating
parts and allowing multiple motor types to
be manufactured on the same line without
retooling. The approach targets the depleted
US inventories of SRM-dependent muni-
tions, including one-way attack drones and
loitering systems, that conventional pro -
duction lines would take years to replenish.
The company raised $100 million in a Series
E round in late 2025, alongside $50 million
in debt funding, after reporting more than
$115 million in bookings through the first
three quarters of the year across contracts
with the US Department of Defense, the Air
Force Research Laboratory, Stratolaunch,
and BAE Systems, as it ramps up production
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of hypersonic systems, solid rocket motors,
and space mobility solutions.

The unmanned theme also extends to the
water. Red Cat Holdings (Nasdaq: RCAT)
equipped its maritime division, Blue Ops,
with large-scale robotic 3D printing through a
partnership with Haddy, building a microfac -
tory at the division’s Valdosta, Georgia facility
to produce 5-meter and 7-meter unmanned
surface vessels. The deployment is expected
to double Blue Ops’ manufacturing capacity,
with Haddy'’s distributed microfactory net -
work available for surge production.

On the supply side, Stratasys reported in its
Q4 2025 results that drones have become a
primary driver of its defense business. The
company sold systems to several major drone
manufacturers for parts production and wind
tunnel testing, its top three Stratasys Direct
service customers in 2025 were large military
drone suppliers, and multiple F3300 and F900
systems went to producers of flight-grade
parts ranging from startups to traditional
primes.

Civil applications

Outside defense, the same cost and adapt-
ability advantages are driving adoption in
conservation, research, and logistics. While
the military side of drone AM is led by metal,
64% of the metal segment’s $365.2 million
in 2025, civil applications drive the polymer
segment, which was 59% civil last year and
accounted for the majority of printer place -
ments. Below, we present a few examples
from our previous coverage; however, AM

iIs now embedded in drone manufacturing
worldwide. Technologies such as HP’s MJF are
used for mass production of parts with lower



requirements, while EOS and Stratasys tech-
nologies are used for higher-end material
applications. In APAC, companies like Farsoon
and UnionTech lead the polymer segment

with thousands of machines in use at various
manufacturers.

Several recent cases show how each poly-
mer technology has carved out its role. In the
US, drone component manufacturer Unusual
Machines adopted HP’s MJF for production
of FPV drone parts, starting with Rotor Riot’s
SkyLite platform: after extensive testing
identified TPU as the optimal material for

the durability requirements of FPV flight, all
MJF parts were brought into domestic pro -
duction through Forecast3D, supporting the
company’s effort to manufacture compet -
itively in the US. Cargo drone OEM Blueflite
went further, producing 48 MJF components
per aircraft in PA12, including outer shells,
electronics mounting brackets, landing sup -
ports, and battery enclosures, after carbon
fiber proved too slow to iterate and FDM, SLA,
and SLS each fell short on finish, strength, or
weight; the switch cut fuselage mass by 25%.

Festo’s BionicBee, an ultra-compact autono -
mous swarm-flight demonstrator, used EOS
laser sintering with PA1101 to cut its frame
weight from 12 to 3 grams, a 75% reduction,
while maintaining structural integrity.

In China, UnionTech, whose installed base of
stereolithography systems passed 10,000
units globally, presented drones and robot -
ics as one of its core application segments

at TCT Asia 2025, with SLA used to produce
lightweight components and acceler -

ate design iteration where CNC machining
and mold-based production impose high
costs and long lead times. Farsoon’s

high-throughput Flight fiber-laser SLS plat -
forms, deployed in the hundreds across
Chinese manufacturers and service provid -
ers, serve series production of fine-featured
polymer parts that increasingly include UAV
components.

In South Africa, the nonprofit The Eye Above
deploys the BushRanger, a fixed-wing verti-
cal take-off and landing (VTOL) anti-poaching
drone developed with Telluraves Aerospace,
with an airframe more than 90% 3D printed
in PA12 nylon using HP’s Multi Jet Fusion
technology. The platform was purpose-built
to survive the wind, dust, and heat that
ground conventional drones in Southern
African terrain, while the project trains local
residents as pilots and technicians.

On the research side, Tongji University’s
School of Aeronautics, Astronautics and
Mechanics, working with COMAC’s Shanghai
Aircraft Design and Research Institute, flight-
tested Tongfei n°1, a drone manufactured
with continuous carbon fiber reinforced

resin matrix composite 3D printing. The
canard-configuration aircraft has a 2.1-meter
wingspan and a takeoff weight of just 1,400
grams, demonstrating the technology’s
potential for rapid prototyping of lightweight,
topologically complex airframes.

Energy systems represent a further fron -
tier. Blueflite, working with Charles Darwin
University and Australia’s Northern Territory
Government, developed lightweight,
high-pressure hydrogen storage vessels for
UAVs using automated fiber placement on an
industrial robot, the only system of its kind in
Australia. The company projects that hydro -
gen fuel cells can extend UAV range three

to five times compared with lithium-ion
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batteries, a potential differentiator for the
long-range segment that accounts for
nearly a quarter of the global drone market.

Across military, industrial, and civil seq -
ments, the through line is the same: drones
are short-lived, frequently redesigned, and
needed in volume, and additive manufactur -
ing matches all three conditions better than
any conventional production process. What
began as a prototyping convenience now
defines how unmanned systems are built,
from a trestle table under a camouflage net
in Kenya to a qualified jet engine production
line in Denver. The numbers say the same

thing the case studies do: a $642.5 million
market growing at nearly 30% a year, with
more than half its value generated by the
manufacturers and armed forces printing for
themselves.

The market for Drone (UAV)
Additive Manufacturing

Drone-related AM reached $642.5 million

in 2025, up +29.7% from $495.5 million in
2024. Two patterns run through every break -
down of the data, namely that the market is
defense-led, and it is led by in-house pro-
duction. It's worth noting that the figures

Drone AM market revenues (USD M) 2024 vs 2025 by value chain stage

Hardware Materials
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Drone AM market revenues (USD M) 2024 vs 2025 by application

Military

combine transacted sales of hardware, mate -
rials, and parts produced by service bureaus
with the estimated value of in-house produc -
tion, where a company prints a part and uses

it internally, as tooling or in its own product,
rather than selling it. That in-house value is
both the largest component of the market
and the fastest growing, so a meaningful
share of the headline number is captured
value rather than money changing hands.

Where the year’s growth came from

As mentioned, most of the year’s expansion
traces to companies printing for themselves.
In-house production added $89 million of
the $147 million gain, close to three-fifths of
it, and reached $353.2 million, or 55% of the

Civil

market. The single largest position in the data

is metal printed in-house for military drone
programs, at $146.6 million. That single line
Is nearly a quarter of the entire market, and
it alone contributed $42 million of the year’s
growth. And at more than +40%, it is also
among the fastest-growing positions. Both
hardware (+22.7%) and services (+25.9%)
grew a little more slowly, while materials
(+29.5%) came closest to in-house output
(+33.7%), as feedstock use tracks part pro-
duction rather than new machine sales.

Military and civil
Defense-related drone demand reached

$350.8 million in 2025, up +35.1%, against
$291.7 million on the civil side, up +23.7%,
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Drone AM market revenues (USD M) 2025 by material and application

Metal

lifting the military share from 52.4% to
54.6%. Civil demand is healthy on its own
terms; the widening gap reflects how
quickly defense is compounding rather
than any weakness on the commercial
side.

That tilt is not uniform across materi -

als, and the cleanest structural fact in the
data is that the two largest segments sit

on opposite sides of the line. Metal skews
defense, 64% military in 2025, used for
structural and propulsion work, as in the
Beehive and Ursa Major case studies.
Polymer skews civil, 59%, weighted toward
tooling and prototyping. Ceramic leans mil -
itary but is negligible in absolute terms.
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Polymer

Ceramic

The value chain, and how
the two sides use it

In metal, in-house value is 67% of the seg-
ment’s total, the mark of a verticalized
supply chain in which primes print struc -
tural parts themselves. In polymer it is
about 40%, with the balance spread across
hardware and services, and with service
bureaus playing a far larger role here than
in metal. Ceramic is the least captive, at
roughly a quarter.

Defense and civil draw on the chain dif -
ferently. What separates them is services,
the most defense-weighted stage at 62%
military, where the qualification, testing,
and contract production tied to defense



programs concentrate. Civil leans a little
more on hardware, though hardware itself
splits almost evenly. In-house production

is the largest stage on both sides, so it is
common ground rather than the dividing line.
Across every stage, defense still grew faster
than civil, so its lead is broad-based rather
than the product of any one category.

By material segment

Drone AM is effectively a two-material

market with metal accounting for 57% of
2025 revenue and polymer for 42%, leaving
ceramic at about 1%. Metal does the struc -
tural and propulsion work, engines, airframes,
and rocket motor cases, where load and heat
rule out most polymers, and two-thirds of

its revenue is captive in-house production

at primes printing their own parts. Polymer
carries the lighter commercial work, hous -
ings, fixtures, and prototyping, and its value
spreads more evenly across hardware, mate-
rials, and services.

Metal was the largest segment and the
fastest growing, at $365.2 million (+33%),
and contributed roughly 60% of the year’s
gain on the strength of its military weight -
ing. Polymer rose to $271 million (+25.4%),
steadier than metal but still a strong gain,
and added about a third of the year’s growth.
Ceramic stayed a niche at $6.3 million, up
+28.5% off a small base and immaterial to
the totals for now.

Drone AM printer placements (units)* 2024 vs 2025 by application

Military

Civil
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Feature

At Stoke Space,
MetalFab rules

Additive Industries’ MetalFab metal 3D printers,
Including the new MetalFab 420K, are enabling Stoke
Space to advance its reusable rocket technology

In collaboration withAdditive Industries



https://www.additiveindustries.com/




At its 168,000-square-foot headquarters

in Kent, Washington, space launch com-
pany Stoke Space is building something at
the cutting edge of its field, the fully reus -
able Nova rocket. While rockets launched
into space have traditionally been designed
to be expendable (i.e. built to be used once
and then burn up or crash land in the ocean),
Stoke Space is among a limited number of
companies pioneering reusable launch vehi -
cles. These have the potential not only to shift
the economy of rocket launches (through
greater cost amortization) but also to explore
new missions where payloads are returned to
Earth.

It should go without saying that it takes an
incredible amount of skill and resources to
develop a fully reusable rocket, where every
component and assembly is not only opti -
mized for launch efficiency but also for
durability and to facilitate maintenance. At
Stoke Space, the implementation of industrial
metal additive manufacturing has been cen -
tral to its groundbreaking work on the Nova. In
particular, Additive Industries’ metal AM solu -
tions have been an integral part of the Nova
rocket’s development and production.

The MetalFab 420K

Stoke Space has been an enthusiastic
adopter of Additive Industries’ technology
and for years has used its MetalFab G2 series,
a metal powder bed fusion system with a
modular configuration. In the past year or so,
the company has significantly expanded its
investment in metal AM, initially by becom -
ing the first beta user of the MetalFab 420K in
May 2025 and then by subsequently placing
an order for five MetalFab 420K production
systems.
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For the space launch firm, the MetalFab
420K meets the sector’s rigorous require -
ments—in terms of quality, throughput, and
automation—and is enabling the production
of various critical components for its reusable
Nova launch vehicle.

The 3D printer itself is an automated, modu -
lar system equipped with four 1kW full-field
lasers, variable beam diameter, increased
gas flow rate, and automated calibration and
in-process controls. These features (and
others) have enabled the rocket manufacturer
to maximize its AM output and establish a
continuous yet reliable production workflow.

As Niels Cruts, Head of Technology at Additive
Industries, explains: “Many features have
been introduced to the MetalFab 420K which
have allowed Stoke Space to make further
improvements to their AM processes. The

key ones being the introduction of four 1kW
lasers, which allow them to push process pro -
ductivity further, particularly important for

the challenging materials being processed for
space hardware applications; and the com -
manded spot size functionality which allows
them to use a calibrated beam diameter of
100-500 um on demand as an additional pro-
cess parameter.”

In addition to the powerful four-laser configu -
ration and variable spot size introduced in the
MetalFab 420K, Cruts also cites the benefits
that improved automatic laser calibration and
gas flow offer. “We now provide in-process
laser-to-laser alignment calibrations through -
out a build job, further enhancing part quality.
Further to this, and to enable the higher laser
powers and scan speeds to be unlocked,

the gas flow has been optimized with >2.5x
increase in flow coupled with <10% velocity



variance across the bed. Finally a new filter
design and enhanced oxygen humidity
controls have been introduced all aimed at
coping with increased process productivity
and throughput.”

All these technical improvements have
resulted in a system that, for Stoke Space,
delivers consistent throughput, high-quality

parts, and significant uptime improvements.

“Our expectations are for a machine that

is extremely reliable and predictable and
that is capable of producing defect-free
material without any fuss,” explained Derek
Schmuland, Senior AM engineer at Stoke
Space.

The MetalFab 420K integrates four 1kW full-field
lasers with variable beam diameter settings

Maximized uptime

As we said, the integration of the MetalFab
420K at its facility has enabled Stoke Space
to reach new levels of productivity. Much of
this is owed to increased uptime and utiliza -
tion rates, which have reached well over 90%.

“There are two key reasons they achieve this
high uptime,” Cruts says. “First, the machines
have proven themselves over many years to
be extremely reliable and consistent in this
industry, backed up by our end-to-end com -
mitment to support customers. Second,

the automation procedures in-built into all
MetalFab system architecture allows them to
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“We're able to get
a lot more produe
tivity out of the ma-
chines and out of
our department
with less people.”

Parker Reynolds
AM engineer, Stoke Space

operate with minimal shifts and resources,
with job changeover time reduced signifi -
cantly and automated.”

On the ground this means that Stoke Space
can continue to print parts overnight and
throughout the weekend without the need
for any nighttime or weekend crews. “It
requires significantly less man hours to run
and we're able to get a lot more produc -
tivity out of the machines and out of our
department with less people,” said Parker
Reynolds, AM engineer at Stoke Space. “[The
technology is] so drama free that | forget

the printers are there half the time. | hit go

on a print and come back a couple days later
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and there are parts there waiting for me, or
it's already printing another batch without any
oversight from myself or my team.”

Contributing to these high usability rates

is a fully integrated and automated powder
management system, which minimizes the
risk of exposure of metal powder particles

to humans, oxygen, and moisture, ensuring
safety and material quality are maintained.
Cruts draws particular attention to Additive
Industries’ Powder Load Tool (PLT), which
loads metal powder directly from the atomi -
zation source, ships it under inert conditions,
and automatically loads it into MetalFab
systems.



AM supporting aerospace

Ultimately, Additive Industries’ AM solutions
are vital to the development of Stoke Space’s
reusable rocket technology. While we don’t
know exactly what parts of the two-stage
Nova launch vehicle are manufactured using
3D printing, it's safe to say that the technol -
ogy is used for several critical structures and
enables Stoke Space to rapidly iterate, test,
and tweak its designs—even those made
from demanding, high-temp alloys.

Andrew Hawkins, Additive Industries’ Head
of Product Management, says: “Metal AM
enables space launch companies to develop
and iterate product designs at a much faster
rate than conventional manufacturing,

whilst optimising their products to a far
greater degree. This gives opportunities to
improve efficiency and create novel designs,
while also achieving a simplified supply

chain. Combined with this is the potential to
develop and process advanced materials that
can be hard to process conventionally.”

For Additive Industries, the aerospace sector
represents a foundational adopter segment.
That is, not only has Stoke Space been the
first to install its MetalFab 420K system,

the company says that space and aero-
space firms account for over 50% of its total
MetalFab installed base.

The symbiotic relationship between metal

AM and aerospace will only continue to
evolve, with improvements to the former
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unlocking innovations in the latter. As
Hawkins concludes: “At Additive Industries
we feel we have made great advancements
with our technology over the past decade,
to the point where it is proven in industry

as a viable industrial manufacturing pro -
cess. Our focus now is on continuing to
prove, enhance, and improve this position
to continue driving reliability and uptime, to
ensure it works economically at scale.

“Whilst we continue to develop and fine
tune our system, introduce new materials,
better process parameters and improved
process monitoring technologies, we also
focus on how we support our customers
to make industrial AM work, end to end,
ensuring we are always providing this best
platform for production economics and
gualification readiness and with built in
application expertise and support.”

Additive Industries’ technology plays a vital role in the development
and production of Stoke Space’s reusable rockets

Image: Additive Industries
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Interview

Beehive Industries
IS building the
additive-first engine
factory the US
needs for defense

and beyond

The Denver-based defense startup has grown to
400 employees, 300,000 square feet of facilities,
and installed capacity for 2,000 engines per year
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When Beehive Industries was founded in
2020, the United States had a propulsion
challenge. The country’s small turbine engine
supply chain ran almost entirely through
investment casting and forging operations
with 18-month lead times, concentrated
manufacturing capacity, and virtually no abil -
ity to surge output in response to demand.
Legacy contractors had been assembling and
testing engines domestically for decades,

but sourcing, design, engineering, and mate-
rials were threaded through supply chains
that stretched well beyond U.S. borders—and
well beyond the reach of any rapid response
to a national security need.

“The U.S. needs an incumbent that is not just
assembling and testing small turbine engines
within our country’s borders,” said Darius
Ehteshami, Chief Operations and Finance
Officer at Beehive Industries. “We need one
that is sourcing, designing, engineering, and
fully operating in the United States to truly
mitigate supply chain risk.”

Beehive was also founded on advanced
manufacturing, and additive manufactur -
ing in particular, as a means to redefine the
cost-performance curve for small propulsion
systems in ways that conventional manu -
facturing simply could not. Six years later,
the company holds a $29.7 million Air Force
contract, has altitude-tested engines across
multiple thrust classes, and in June 2026
committed $50 million to 30 additional EOS
M4 ONY X metal AM systems—a purchase
that will bring its total EOS machine count

to 50 and that EOS described as the largest
single publicly disclosed order in the compa -
ny’s history. The investment allows Beehive
to grow its capacity from the current 2,000+
engines per year to 8,000+ per year to meet
market demand.
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Designing for additive from the start

There is a distinction between “additive-first”
and “additive-enabled.” The company’s Chief
Technology Officer, David Kimball, is clear on
this point: substituting printed parts into a
conventional engine architecture produces

a more expensive version of the same thing.
The geometry advantages of additive man -
ufacturing only materialize when they are
designed in from the beginning.

“If Beehive took an engine part list and

printed all the parts, the result would be a
more expensive engine with the same perfor -
mance,” Kimball explained. Beehive designs
for additive manufacturing from the begin -
ning. This means designing the engine to
leverage geometries that are impossible

to manufacture via traditional casting or
machining.”

The practical effect is part consolidation

at a scale that reshapes the entire supply
chain equation. A conventionally manufac -
tured small turbine engine might carry a
parts list of over 600 components. Beehive’'s
additive-first approach compresses that to
roughly 50 consolidated unigue components,
resulting in fewer suppliers, fewer engineers,
less assembly time, and a system that can
be produced with a much smaller workforce
footprint per unit.

The company’s 200 Ibf-class Frenzy 8 engine
exemplifies this approach at its most com -
pact. At that thrust class, the printed metal
component count is reduced to just a hand -
ful of parts, with data-driven trade models
determining, at each decision point, whether
additive or conventional machining is the

right approach. “We only apply additive



manufacturing when it truly makes techni -
cal and economic sense to differentiate the
product. We also have the capability to print
aviation superalloys or traditionally machine
hardware as alternate solutions to avoid
supply chain bottlenecks,” Kimball said.

The engine family currently spans roughly
100 to 5,000 Ibf of thrust (from the Frenzy 6
through the Frenzy 8 and up to the Rampart)
and additive manufacturing scales with it.
As engine diameter increases with thrust
class, the primary adjustment is access to
larger AM machines and the introduction of
additional AM modalities, but the underlying

At Beehive Industries, AM is redefining how small propulsion
systems are designed and manufactured

design philosophy remains constant: qual -
ify aviation superalloy-grade materials, use
additive to differentiate technically, and scale
independently of traditional supply chain
constraints.

The Air Force connection
and the FAMM program

Beehive’s Frenzy 8 engine was developed
specifically to meet the requirements of the
U.S. Air Force’s Family of Affordable Mass
Munitions program (FAMM), a procurement
initiative that represents a deliberate shift

away from high-cost, low-volume precision
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weapons toward large-scale, cost-controlled
systems that can be fielded in meaning -

ful quantities. For a company whose entire
manufacturing model is built around reduc -
ing per-unit cost through design and vertical
integration, the alignment is close.

“Our Frenzy 8 engine was intentionally devel -
oped to meet the program’s requirements,
support the intended mission, and avoid
over-engineering and unnecessary costs,”
Ehteshami stated. “Additive manufacturing
enables part count reduction and verti -

cal integration, which correlates to lower

cost and higher scale. Designing for addi-
tive unlocks performance benefits such as
range.”

The company is careful to position FAMM as
a catalyst. Its production cells are designed
to be multipurpose: the same facilities that
build engines for FAMM programs can be
reconfigured for other defense contracts,
low-volume high-mix components, and
commercial customers in civil space and
aerostructure segments. Beehive currently
serves customers across all three categories.

The development timeline for Frenzy 8 and
higher thrust class programs illustrates

what that manufacturing model enables in
practice. Beehive’s 500 Ibf turbojet demon -
strator went from clean-sheet design to a
fully assembled, tested engine in 13 months.
Frenzy 8 reached altitude testing roughly

a year after program start. Both timelines
would have been structurally impossible
under a casting-dependent supply chain.

“At Beehive, we're able to go from digital

design and ideation to printed parts in mere
hours,” Kimball said. “We don’t have to rely
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Marie Niehaus-Langer, CEO of EOS, and Darius
Ehteshami, COFO of Beehive Industries

on complex, traditional supply chains to build
our engines, so AM really enables us to design,
test, and iterate, in addition to enabling verti -
cal integration.”

The comparison against conventional cast -
ing timelines is stark: Beehive can print a
high-temperature nickel alloy turbine com -
ponent in approximately one day, with a total
part lead time of one to two weeks. The equiv -
alent investment casting cycle runs to 18
months.

Building a factory that thinks
like a software company

Speed in prototyping and speed in production
are different problems, and Beehive has been
explicit about what the Pathfinder program—
its Air Force-funded production validation
effort—taught the company about the gap
between them.

“The biggest lesson we learned is once we
removed the long-lead casting or forging
bottlenecks with printing, we had to apply



“We don’t have to rely
on complex, tradition
al supply chains to
build our engines, AM
really enables us to de
sign, test, and iterate.”

David Kimball
CTO, Beehive Industries

a similar strategy to finding alternatives at the same pace, or the constraint simply
to other traditional bottlenecks related to moves upstream. The Pathfinder program sur -
pumps, motors, electronics, connectors, etc.” faced all of these dependencies in sequence.
Kimball said. “The real challenge, and what
scaling to thousands of engines a year really Beehive’s operational response has been
requires, is creating and implementing digital a “multipurpose production cell” model, in
automated processes while addressing the which machines are flexible enough to switch
limiting factors that are not turbomachinery, between engine sizes in response to demand
and that starts with our technical strategy.” signals rather than being locked to a single
product line. The approach requires what
Rate production demands facility construc - Ehteshami describes as a digital thread (gran -
tion, utility infrastructure, logistics redesign, ular tracking of every gram of powder and
floor layout rethinking, and management of every scan strategy across every build) to
high work-in-progress inventory volumes. ensure that the 5,000th engine off the line is
Suppliers who provide controls, accesso - manufactured to the same standard as the
ries, and raw materials must scale in parallel, first.
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Beehive Industries’ production facilities in Colorado, Ohio,
and Tennessee total roughly 300,000 square feet

The production infrastructure today spans
approximately 300,000 square feet across
four facilities: headquarters, assembly, and
test operations in Denver, Colorado; research,
development, manufacturing, and castings

in Cincinnati, Ohio; and additional facilities

in Knoxville, Tennessee, and Mount Vernon,
Ohio. Headcount has reached over 400
employees, with a target of 500 by year-end.

Installed capacity currently supports the
production of approximately 2,000+ engines
per year. The existing facility footprint could,
with investment, support 8,000+ engines
annually. The company’s near-term ambition
is to double its current size within two years.
That June 2026 EOS order, of 30 M4 ONY X
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systems built around a six-laser architecture
for high-rate serial production to be deliv -
ered within 12 months to the Colorado and
Tennessee facilities, is where that planning is
now landing.

On materials, Beehive’s position contradicts
the conventional assumption that additively
manufactured hot-section components
require performance concessions compared
to cast superalloys. "Our current additively
manufactured alloys do not fall short; they
provide equal, if not superior, properties com -
pared to traditional cast superalloys as there
are ways to tailor the print process and mate -
rials to optimize for the given design criteria,”
Kimball said.



The company’s approach involves tailoring
material parameters and print process vari -
ables—adjusting for yield strength, creep
resistance, and thermal performance—to
meet the specific demands of each engine
design, rather than relying on standardized
off-the-shelf alloy recipes.

Defense tech investment and
the five-year outlook

The venture capital environment around
defense hardware has changed substantially
since Beehive’s founding, and the com-
pany has benefited from that shift across

capital access, hiring, and Pentagon engage
ment. Recent acquisition reforms have made
the procurement cycle more accessible to
non-traditional defense contractors, reduc -
ing some of the structural barriers that once
made hardware-heavy defense startups diffi -
cult to fund at growth stages.

Beehive’s five-year ambition is to be in full-
rate production on its engine programs while
simultaneously expanding its additive manu -
facturing capabilities into vehicle systems for
defense customers. The company currently
serves aerospace and defense custom-

ers across both its propulsion and contract

Beehive’s recent order of 30 EOS M4 ONYX systems will more than double its
metal additive capacity, taking its total machine count to 50 within 12 months
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manufacturing businesses and sees those
two revenue lines as largely complementary:
the customer set for propulsion overlaps
heavily with that for printed aerostructures
and components.

What the company needs from the AM indus -
try to reach that scale is specific: machine
makers need to increase their production
output, powder producers need to expand
capacity in parallel, and the broader supplier
base needs to treat defense-rate production
as a planning input rather than an after -
thought. Beehive’s key internal metric is cost
per laser hour, and driving that figure down
requires the entire supply chain to keep pace.
“We need the machine makers to scale

up production, and we need the powder
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producers to scale their capacity to match,”
Ehteshami said. “We need the broader AM
ecosystem to keep innovating and driving
that efficiency so we can hit those massive
production goals together.”

It remains to be seen whether the U.S.” push
for affordable mass munitions can sustain
the pace Beehive is planning for, and which
other applications in the civil aerospace
sector the company can target. What is
already visible is a company that has built, in
under six years, a manufacturing model that
the U.S. defense industrial base had not pre-
viously attempted at this scale—and that is
now expanding fast enough to test whether
the supply chain around it can keep up. With
plenty more applications to come.
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Featured

Ceramic AM takes
turbine production
to the next level

Prodways’ MOVINGLIight technology transforms
development and manufacturing workflows for jet
engine turbines.

In collaboration withProdwa yS
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Jet engine turbine blades must withstand gas
path temperatures upwards of 1,500°C.

Every time you board a plane, the most
critical element in getting you to your des -
tination—whether business or pleasure—is
the jet engine. Jet engines power most types
of aircraft today and are able to propel these
massive vessels thanks to a multi-stage pro -
cess in which air is sucked in, compressed,
mixed with fuel, and combusted, resulting

in gas expansion and a powerful thrust. This
process, known as the Brayton thermody -
namic cycle, is enabled by a complex and
carefully engineered structure that in large
part relies on the performance of turbine
blades.

Positioned right after the engine’s com -
bustion chamber, these turbine blades
essentially convert the expanding gases into
rotational mechanical energy that powers
the compressor and keeps the engine run -
ning continuously. This means that the
turbine blades are exposed to incredibly
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high temperatures (as well as thermal

flux), extreme centrifugal loads, chemically
aggressive gas flow, and continuous vibra-
tion. In order to be suitable for an aircraft,
these turbines must also be able to with -
stand all these conditions for thousands of
flight hours.

All that to say, the performance of jet engine
turbines is absolutely critical to flight in

our modern world and growing demands

for greater fuel efficiency in the aerospace
industry are pushing turbine engineering to
new heights. As we’ll see, additive manu-
facturing, and ceramic AM in particular, are
enabling aerospace OEMs to make break
throughs in turbine design and performance.
At Prodways, for instance, the company’s
CERAM PRO industrial ceramic AM systems
are facilitating a more efficient production
approach for turbine blades while simulta -
neously unlocking higher performing turbine
structures.

Engineering at its limits

When designing a turbine blade there are
three key constraints that aerospace engi -
neers must account for: thermal extremes,
mechanical loading, and aerodynamic ero -
sion. This triple constraint makes jet engine
turbines amongst the most demanding
structures from an engineering perspective,
which rely on a combination of high-perfor -
mance materials and innovative design.

In terms of thermal stresses, turbine blades
must withstand gas path temperatures
upwards of 1,500°C. Even some of the most
robust and resilient materials, such as nick -
el-based superalloys, can only withstand
exposure to temperatures between 1,100°C



and 1,150°C. This means that turbines must
be optimized for heat management, with
integrated cooling architectures that keep
operating temperatures manageable for the
metal in question.

The structure of turbine blades must also
account for centrifugal loads equivalent to
several tons of tensile stress—generated by
rotational speeds exceeding 10,000 RPM—
as well as aerodynamic erosion caused by
particulate impacts, micro-abrasion, and
boundary layer destabilization.

MOVINGLight DLP is used to produce molds
and ceramic cores for turbines.

Turbine structures therefore rely on geom -
etries that mitigate these wear factors.
Features like winding internal cooling chan -
nels, pin-fin arrays, and microscopic film
cooling holes on the blade’s surface all work
to protect the blades from the acute heat of
the combusted gas and keep them running.
As Prodways says: “Manufacturing a tur-
bine blade is not simply a precision task. It is
the convergence of materials science, ther -
modynamics, fluid dynamics, and process
engineering—all operating simultaneously at
the edge of what is physically possible.”
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3D printed ceramic cores make the investment
casting process more streamlined and agile.

Ultimately, the better the cooling structures
perform, the more efficiently and consis -
tently the turbine blades operate, which
leads to greater fuel efficiency for aircraft.

When traditional production falls short

As the aerospace industry has realized,
however, traditional production approaches
for turbine blades are limited in terms of the
geometries they can produce and therefore
struggle to create the turbines needed to
power next-gen, more efficient jet engines.

For over half a century, investment casting
has been the established method for manu -
facturing turbine blades. This process relies
on a series of steps, including: negative die
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machining from metal, ceramic core manu -
facturing, wax injection around the ceramic
core, shell coating, wax burnout, superalloy
casting, shell removal, and finally ceramic
core removal. This approach, while broadly
used and industrially mature, is rigid and
cannot easily accommodate design mod -
ifications needed to improve turbine
function.

As Prodways says, a design change as
minor as a 0.5 mm adjustment can require
new tooling sets for die and core produc -
tion, redesigned and requalified ceramic
cores, and a revalidated casting cycle. In
terms of lead time, a single iteration to
improve performance can therefore take
anywhere from six to 18 months.



Not only that, but traditional manufacturing
workflows for turbine blades are limited in
terms of the geometries they can produce.
In short, the design of internal cooling chan -
nels is limited by the fact that ceramic cores
must withstand extraction and firing without
fracturing. This means that the best design
for thermodynamic performance is often not
what is delivered and that design intent is
constrained by process limitation.

“From a systems engineering perspective, the
bottleneck is no longer manufacturing pre -
cision, it is manufacturing adaptability under
geometric freedom constraints,” Prodways
says. “This is the structural problem that
Prodways ceramic additive manufacturing is
designed to solve.”

CERAM PRO technology takes off

Prodways’ ceramic AM is offered via its
CERAM PRO 3D printer series based on its
MOVINGLight DLP technology. Built for indus
trial production, the company’s CERAM PRO
machines have proven valuable within the
aerospace industry in the production of
molds and ceramic cores for turbines. This
capability not only simplifies workflows for
turbine production (by eliminating the need
for die machining and molds for ceramic
cores), it also unlocks greater design freedom
and iterative agility.

Within ceramic AM, CERAM PRO platforms
are being used by select aerospace manu-
facturers for a number of reasons. First, the
technology is based on a mobile high-reso -
lution optical engine that enables incredibly
high-resolution printing—critical for achiev -
ing the aerodynamic surfaces required in
turbines. Prodways also points out that the

MOVINGLight architecture has been engi-
neered for industrial throughput and larger
production formats. This allows aerospace
manufacturers to accelerate development
and iteration cycles while at the same time
maintaining consistent production quality.

Moreover, MOVINGLIight is compatible with a
range of technical ceramic materials, includ -
ing high-viscosity ceramic slurries with
consistent and dense load ratios. This means
that aerospace manufacturers can work

with high-performance ceramic materials

and benefit from uniform green part density.
Consistent green part density is critical to
achieving predictable sintering shrink rates
and ensuring industrial-level production.

Chief among Prodways’ materials for the pro -
duction of cores for turbine blades is SILICA
SICAST 1200, a technical ceramic specifically
engineered for investment casting in indus -
tries like aerospace, energy, and automotive.
The rapid-curing material delivers a combi -
nation of high thermal shock resistance and
chemical and mechanical leachability, which
are necessary for turbine casting.

Another significant benefit for aerospace
OEM s looking to evolve their production

is the fact that CERAM PRO solutions pro-
duce foundry cores directly from a digital
model. This means that design changes can
be made within a digital ecosystem and then
iterated rapidly as a physical part. Overall,
Prodways’ ceramic AM technology reduces
tooling requirements within turbine pro -
duction, creates a more seamless and agile
workflow, and unlocks greater design free -
dom for enhanced cooling performance (i.e.
more complex internal channels, undercuts,
optimized surface areas).
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Honeywell’s digital foundry

The benefits of Prodways’ ceramic AM
solutions for turbine production are not
theoretical: today, aerospace engineers and
manufacturers are leveraging the tech -
nology to design and build next-gen jet
engines.

At Honeywell Aerospace, a U.S.-based man
ufacturer of aircraft engines and avionics,
Prodways’ technology is playing an import -
ant role in the development of turbine
blades. As first revealed in 2024, the aero-
space company uses the industrial CERAM
PRO 365 3D printer to 3D print investment
casting molds for turbines, a process that
has radically accelerated its development
cycles and facilitated design changes.

“Traditional iteration cycles of 12 to 18
months are reduced to approximately 7 to
8 weeks,” Prodways says. “Design modifi-
cations that previously required full tooling
reconstruction—often exceeding $1 mil -
lion per iteration—are now executed as
digital updates followed by direct ceramic
fabrication.”

The integration of ceramic AM into
Honeywell’s turbine casting process has
unlocked what Prodways calls a “digital
foundry model”, in which design and fabri -
cation are decoupled from physical tooling
cycles. Now, the casting process can be
broken down into the following steps:

» CAD design and optimization

» Ceramic mold 3D printing

e Casting and mold removal

» Turbine blade testing and validation
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Honeywell Aerospace 3D prints investment casting
molds for turbines using the CERAM PRO 365

If any design modifications are needed, the
CAD design is updated digitally and the cycle
begins again, all without the need for any
major tooling overhauls.

AM drives shift in aerospace

The aerospace industry has been an enthu-
siastic adopter of AM since the technology’s
early days and it’s clear why. For turbine
development and production alone, ceramic
AM has enabled a paradigm shift, in which
design intent and functional performance
are unbound by traditional manufacturing
constraints. Not only that, the technology
facilitates the development of new turbine
designs, which is key to achieving greater
efficiency and fuel economy in planes.

Prodways’ ceramic AM solutions are playing
a role not only in the adoption of ceramic AM
for turbine production but also in the indus -
trialization of the digital foundry model. This
is thanks to its systems’ geometry control,



rheology stability, sintering predictability, and
qualification-compatible outputs.

Beyond turbine casting applications, ceramic
additive manufacturing may support the
development of future aerospace manufac -
turing processes involving advanced ceramic
materials. While such applications remain
largely in development today, high-resolution
ceramic AM technologies can help accelerate
material evaluation, design exploration, and
process qualification activities.

“The aerospace industry is entering a regime
where performance is no longer limited by

Prodways’ ceramic AM solutions are playing a role in the
industrialization of the digital foundry model.

design capability, but by manufacturing infra -
structure,” Prodways concludes. “Turbine
blades are not just high-performance com -
ponents. They are indicators of a broader
structural transition: from tooling-dependent
manufacturing to digitally controlled ceramic
production systems.”

With its CERAM PRO range, MOVINGLight
architecture, and specially engineered
ceramic slurries for investment casting,
Prodways is contributing to the evolu -

tion of next-generation aerospace casting
workflows.
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Mapping

AM Is welcome
apoard Iin civil
aviation

These are the key AM companies supporting
suppliers, OEMs, and MROs in the civil
aviation segment
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From replacement cabin parts to engine
structures, additive manufacturing is being
used for various applications in civil avia -
tion. This segment, which comprises private
and commercial flying, is finding in AM a
technology that offers economy at low
volumes, supply chain flexibility, and new
lightweighting and efficiency opportunities.
As we'll see in this mapping chapter, there
are a number of additive manufacturing
companies that are driving the technology’s
adoption in civil aviation and supporting the
production of hundreds of thousands of
flight-ready parts. Let’s take a look:

Materialise

Belgium-based Materialise has played a
key role in the advancement of additive
manufacturing in civil aviation for end-use
production. By putting resources towards
certifications and vital process data, as well
as working with aviation OEMs, MROs, tier
one and two suppliers, and design organiza-
tions, Materialise has shown that there are
real supply chain benefits to using the tech -
nology for aircraft components.

Materialise has acquired key certifications
necessary for aviation manufacturing,
including Production Organization Approval
(POA) from EASA and EN 9100 certification
for quality management. Most of the com -
pany’s aviation operations are based around
polymer AM (specifically FDM and SLS) and
the production of interior components for
the cockpit and cabin. Presently, the com -
pany has reported the production of over
650,000 3D printed flight-ready parts, of
which 26,000 are produced annually for the
Airbus A350 ecosystem.
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The company is also active on the metal
AM front. For instance, its software pro -
grams Streamics and Magics have been
used by Avio Aero in the design and produc-
tion of lightweight titanium blades for jet
engine turbines. It is also part of a consor -
tium with Liebherr-Aerospace Lindenberg,
Boeing Deutschland, and MTU Aero Engines
to develop standardized quality assurance
frameworks for 3D printed metal aircraft
parts. Also in metal, Materialise announced
that it is supplying a 3D printed titanium
latch to MRO Lufthansa Technik to replace
a polymer component that was prone to
damage. Other partners within the aviation
space that work with Materialise to improve
supply chain resilience through the adoption
of polymer and/or metal AM include GKN
Aerospace, Stirling Dynamics, Proponent,
and Expleo.

EOS

German AM company EOS, a leader in PBF
technologies, has worked closely with a
number of aviation end users over the years
to develop applications that benefit from
lightweighting through design optimization
and low-volume, agile production. As the
company says, its combination of industrial
AM systems, validated materials, proven
process qualification, and deep knowledge
of aerospace has led to a variety of certified
applications within the civil aviation sector.

EOS counts among its aviation partners

MTU Aero Engines, a German aircraft engine
manufacturer, which has optimized its 3D
printers for the series production of bore -
scope bosses for the geared turbofans of
PurePower PW1100G-JM engines for Airbus’
A320neo.



EOS also has worked with German-Swiss
manufacturing firm Liebherr, which devel -
oped a high-pressure hydraulic valve block
for Airbus A380 aircraft using EOS’ metal
AM technology—the first of its kind in civil
aviation; MRO Etihad Engineering, with
which it opened the first EASA-approved 3D
printing facility in the Middle East for air -
craft parts; and the AAMC, which is using
EOS 3D printing for the production of spare
parts. It's also worth noting that Materialise
leverages EOS 3D printing hardware and
materials (specifically PA 2241 FR) to pro -
duce laser sintered parts under the Airbus
Process Specification AIPS 03-07-022.

Stratasys

For years, Stratasys has been an import
ant technology supplier for applications in
civil aviation, including prototyping, tooling,
and flight-ready parts. In the latter category,
Stratasys’ industrial-grade FDM 3D printers
have been adopted primarily for the pro -
duction of interior aircraft parts using its
flame-retardant ULTEM 9085 resin material.

Stratasys’ 3D printing technology is used
by a number of aircraft manufacturers,
including Airbus, which reportedly has
over 200,000 certified Stratasys poly -
mer 3D printed parts now in active service
on its A320, A350, and A400M aircraft.
(Admittedly the A400M is a military aircraft,
so not all the 200,000 certified parts are
under the civil aviation umbrella, but a sig -
nificant portion are.)

Stratasys has also supplied produc-
tion-grade systems to Latvia-based AM
Craft for 3D printing non-structural aircraft

A 3D printed medical device mount for
an emergency service helicopter

interior parts; worked with UK-based BAE
Systems to strengthen the company’s use
of AM in land, maritime and air sectors; and
partnered with Singapore Airlines Engineering
Company in 2020 to establish a local AM
center for aviation MRO services. Last year,
Stratasys launched a series of AIS mate-
rials for its Stratasys F900 for aerospace
and defense applications. These materials
were qualified in cooperation with Boeing
and a number of other leaders from the two
industries.

Colibrium Additive (and GE Aviation)

Formerly GE Additive, Colibrium Additive is

a GE Aerospace company that specializes in
metal AM (EB-PBF and LPBF). The company
has been behind a number of AM-related
innovations at GE Aviation, including the
GE9X aircraft engine, the “largest and most
powerful commercial aircraft engine ever
built”. Designed for the twin-engine Boeing
777X family, the engine features 19 3D
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Hexagon and Nikon SLM Solutions 3D print
fuel air separator for Airbus A330

printed fuel nozzles and is 10% more fuel-ef -
ficient than its predecessor, the GE9O. It
received FAA certification in 2020.

GE Aviation also has other important mile -
stones under its belt, including the first FAA
clearance for the production of a 3D printed
part in a commercial jet engine in 2015. This
part, a sensor housing for a compressor inlet
temperature sensor, was installed in hun -
dreds of GE90-94B engines for the Boeing
777 aircraft. In 2021, GE Aviation shipped its
100,000th 3D printed nozzle tip for the CFM
LEAP engine. GE Aviation uses M Line sys
tems from Colibrium Additive at its Additive
Technology Center (ATC) in West Chester,
Ohio.

Nikon SLM Solutions
Nikon SLM Solutions’ selective laser melt -
ing technology and aerospace-grade

materials, including TIAI6V4, IN625 and
AlSi10Mg, have been employed by a number
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of aerospace and aviation users over the
years. For instance, in 2021, Safran Landing
Systems worked with SLM Solutions to pro -
duce a nose landing gear component for a
bizjet. The titanium part was redesigned for
AM and achieved a 15% weight reduction,
demonstrating the technology’s viability for
producing an aircraft fitting.

In more recent years, the metal AM company
teamed up with industrial tech company
Hexagon to redesign an Airbus aircraft fuel
system part, optimizing it for weight and

fuel efficiency. This part, a fuel air separator,
made on a Nikon SLM NXG XII 600 system,
feeds the Airbus A330 aircraft's APU. Another
aviation use case using the company’s metal
AM technology comes from RWTH Aachen’s
Institute of Structural Mechanics and
Lightweight Design (SLA), which developed a
multifunctional wing segment for more effi -
cient aircraft.

Velo3D

While metal AM company Velo3D is more
focused on the aerospace and defense
sectors, its technology has also found a
place within aviation. In 2020, for instance,
Honeywell Aerospace entered into a partner -
ship with Velo3D to qualify its Sapphire 3D
printer for the production of aircraft compo -
nents using Inconel. Honeywell Aerospace
was drawn towards the technology due to
the Sapphire’s ability to produce complex
metal parts without any support structures.

Boom Supersonic, which is developing a
supersonic commercial airliner, also part -
nered with Velo3D for the production of
titanium parts for its XB-1 demonstrator air -
craft. (Boom Supersonic also used Stratasys’



Stratasys F900, 450mc, and F370 for the
XB-1.) More recently, the National Institute for
Aviation Research (NIAR) acquired a Sapphire
1MZ 3D printer from Velo3D to develop per -
formance-based qualification methods for
metal 3D printed airframe parts.

Norsk Titanium

Norway'’s Norsk Titanium is another metal
AM company that has carved out a position
for itself in the aviation industry. The com -
pany, which has a proprietary Rapid plasma
Deposition (RPD) process compatible with
aerospace-grade titanium, is a Tier 1 supplier
for commercial airframe and engine OEMs.

Airbus is using w-DED to 3D print
titanium aircraft structures

The company’s work within aviation goes
back years now. In 2017, for instance,
Norsk Titanium received a production pur -
chase from Boeing for the production of
3D printed structural titanium parts for

the 787 Dreamliner. Within a year, these
parts were being qualified and by 2020,
Norsk Titanium was supplying 3D printed
components for the aircraft to Leonardo’s
Grottaglie Plant in South Italy.

In parallel, Norsk Titanium partnered with
Airbus to qualify its RPD process for the
serial production of structural aircraft
components. This partnership has led
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AML3D has undergone Aerospace Quality
Management System accreditation

to the FAA certification of a Lower Frame
Fitting for the Airbus A350. The part had

its first flight this year and is now in series
production at Norsk Titanium’s production
facility in Plattsburgh, New York. This past
month, the partnership between Airbus and
Norsk Titanium deepened as the compa-
nies entered into a Cooperation & Research
Agreement (CRA) to industrialize and qualify
RPD for high-criticality structural titanium
aircraft parts.

AML3D
While AML3D’s ARCEMY systems, based
on its open-air WAM technology, are being

eagerly adopted by maritime and defense
manufacturers, the company is also active
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in aviation. In 2022, the Australian com -
pany started the accreditation process for
Aerospace Quality Management System
AS9100D:2016, which it received in 2024.
At the time, this certification meant that
AML3D’s WAM process was one of two
AS9100D certified DED technologies for
making flight-ready parts for aircraft.

According to AML3D, its technology’s “abil -
ity to print near net, with material property
design considerations, provides the aero -
space industry with the opportunity to
improve buy-to-fly ratios by order of mag -
nitude.” The company’s facility in Stow,
Ohio, which opened last year, supports var-
ilous AML3D adopter industries, including
defense, energy, and aerospace.
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From cockpit to
cabin: 3D printing
In aviation Is here

Materialise has not only 3D printed over 650,000
flight-ready parts, it is pushing the boundary of AM for
aircraft production.
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It's no surprise to those familiar with the
additive manufacturing industry that aero -
space and AM have a special relationship.
From the very earliest days of the technol -
ogy, aerospace manufacturers invested in
and explored its potential, first for proto -
typing and eventually for functional aircraft
components. What some may find sur -
prising, however, is the extent to which 3D
printing is playing a role in aviation today.
That is, while much emphasis is placed on a
small number of highly complex 3D printed
metal engine structures—they are impres -
sive after all—there are thousands of 3D
printed components that are being used all
across planes, from inside the cockpit to
throughout the cabin.

At service provider Materialise, which has
been involved with aerospace AM for over

a decade, the company has produced over
half a million flight-ready 3D printed parts,
which are fully compliant and in commer -
cial service. In fact, it's possible you've
flown on a plane with 3D printed parts with -
out even knowing it.

We had the opportunity to chat with Eric
De Zeeuw, Aerospace Market Manager at
Materialise, about the company’s trajectory
in aviation and how AM use within the seg -
ment is becoming increasingly ubiquitous.

Materialise’s entry into aviation

When Materialise was founded in 1990,
additive manufacturing for aerospace
didn’t exist as a category yet and the tech -
nology itself was still in its infancy. At the
time, Materialise was focused on building a
rapid prototyping service and the develop -
ment of software to improve the efficiency
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and stability of the printing process. As AM
technology evolved and its capabilities grew,
aerospace AM emerged as a potential target
market.

De Zeeuw, who has been with Materialise for
over two decades and has been Aerospace
Market Manager for the last five years, expe -
rienced this evolution firsthand. “Materialise
has since its inception been involved in addi -
tive manufacturing,” he says. “Around 2010,
we made a deliberate move into end-use
parts for industrial markets and by 2014,
aerospace became a clear focus for us. That
meant making a strategic investment in part
certification: building the processes, the
quality infrastructure, and the organizational
capability to become a recognized produc -
tion organization. That was the foundation.
Without it, manufacturing flight-ready parts
would not have been possible and it was the
first step that made everything that followed
achievable.”

“Secondly, we were approached by Airbus,
which was looking for their first suppliers for
3D printed parts. We started working with
them to get qualified as an official supplier
and also to align with their requirements

for 3D printing their flying parts. That really
kicked off our aviation activity in 2014. Then,
step-by-step, it has grown further.”

Initially, aviation companies like Airbus

were interested in AM for its product driv -
ers, specifically optimizing parts for weight
reduction. “That was the initial draw,” he says.
“In the beginning, it was really to get the tech -
nology on board and to make sure they could
qualify it for parts that were not necessarily
designed for the technology.” Today, by con-
trast, De Zeeuw cites supply chain benefits



as the main driver for AM adoption in the seg -
ment. In short, AM is enabling the aviation
industry to benefit from on-demand produc -
tion of many types of parts and spare parts
without minimum order quantities, while cir -
cumventing issues like warehousing costs, long
lead times, and supply chain inefficiencies.

FDM 3D printed spacer panel for an
overhead luggage compartment

“That means on-demand or small series pro -
duction,” he adds. “That’s the main driver.
And as the maturity of the technology

grows, we see that aviation is now adopt -

ing more and that we are trying to introduce
more designs that also benefit from the
product drivers.”
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Over 650,000 3D printed airplane parts

Over the years, Materialise’s work with
Airbus has proved entirely fruitful. Today,

the AM service manufactures 26,000 com -
ponents annually for the Airbus A350
ecosystem alone, including cockpit housings
and joysticks, cable guides, air ducts, arm-
rest caps, seat row indicators, and more. All
these parts are made using either certified
FDM or SLS processes, with ULTEM and PA

With 3D printing, Materialise can make spare
parts lighter and more quickly
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2241 FR, respectively.

In the aviation segment more broadly, the
company also works with diverse OEMs,
MROs, and design organizations, including
Airbus, GKN Aerospace, Lufthansa Technik,
Stirling Dynamics, Proponent, and Expleo. In
total, the company says it has produced over
650,000 flight-ready AM parts, which are cur -
rently in use aboard commercial aircraft.

With Stirling Dynamics, for instance, De
Zeeuw says Materialise has been working



to develop scalable AM solutions that sup -
port MRO organizations. A crucial part of this
work has been identifying applications for
AM using processes like root cause analyses
and feasibility studies. As Henryk Bork, Head
of Aviation at Stirling Dynamics, explained:
“Developing a part and bringing it up to an
EASA Form-1 approval is a very time-cont
suming process for all involved. We first need
to check whether 3D printing is applicable,
then consider our internal policy of never
copying a part.”

Fortunately, the process for selecting and
qualifying 3D printed parts—at least on the
polymer side—has become more stream -
lined over the years thanks to stringent
qualification and process control work car -
ried out by Materialise.

“What we have achieved is a process qualifi-
cation,” De Zeeuw explains. “As long as a part
fits in what we call a family of parts, we can
benefit from the work that we’ve done.” In
other words, if a series of parts use the same
material, technology, and post-processing
combination then they can be qualified under
the same family of parts, which requires far
less work than qualifying each individual
component.

“What we see on our customer side is that
when they are used to the process controls
that we make, they can refer to that same
process,” he adds. “We observe that custom-
ers use or refer to those processes on their
drawings and use the performance data that
we’'ve shared to substantiate their data. This
helps the onboarding go a lot quicker.

“In short, on the polymer side, it's more of a
process qualification, whereas on the metal

side it’s still more of a part qualification,
where a lot of effort needs to be redone. That
influences the amount of parts that are being
certified.”

All parts are critical

While the bulk of Materialise’s production

in the aviation segment is for “low-critical -
ity parts” (i.e. parts whose failure would not
impact the safety of a plane’s take-off, flight,
or landing), De Zeeuw emphasizes that in
fact all the parts that it prints are critical
within a commercial aircraft. That is, while a
polymer 3D printed cabin component may
not affect the landing function of a plane, it
does impact the experience of flight.

For example, Expleo, an EASA-certified
design organization, worked with Materialise
to develop a 3D printed dado panel for the
Boeing B737 aircraft. This component, also
known as a decompression panel, is found at
the bottom of the cabin wall and allows air
that enters through the ceiling to exit through
the bottom, near the window passenger’s
feet. If the air pressure changes in the cabin,
the dado panel is designed to fully open to
speed up pressure equalization across the
cabin.

This low-criticality part serves a vital func -
tion, and an aircraft cannot take off without
having its dado panels in working order. By
turning to 3D printing to make the dado
panel, Materialise and Expleo have helped to
minimize aircraft downtimes thanks to rapid,
on-demand production. With Materialise’s
support for certified aerospace-grade AM,
Expleo was also able to improve the panel’s
design for greater durability, ultimately reduc -
ing the need for more spare parts in future.
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Building a foundation

While 3D printing is now ubiquitous in avi -
ation for prototyping, the technology’s
roll-out for flight-ready parts still has room
to grow. According to an industry statistic
from a few years ago, it was estimated that
78% of aerospace companies were using AM
for prototyping, while only 18% were using
it for flight-ready production. De Zeeuw
believes this ratio has changed in recent
years, but recognizes that there is still a gap
when it comes to prototyping vs production.
He says: “The awareness for prototyping is

Monolithic muffler coupler 3D
printed from Inconel
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now a hundred percent, | think. Everybody
knows about it, everybody does it. When it
comes to awareness of AM for flying parts,
that's still a bit less.”

So how is Materialise helping to tackle this
gap? The answer is multifaceted. On the one
hand, it is creating a solid qualified process
chain that complies with aerospace stan -
dards. On the other hand, it is continuing to
push awareness of AM’s existing capabilities
in the sector and its potential down the road.

In regards to the former, Materialise has
made significant progress on the polymer



front for low-criticality parts, establishing

a foundation for strong process controls,
repeatability, and data infrastructure. As De
Zeeuw explains, “Aviation companies that
don’t have production capabilities need to
rely on suppliers, who in turn need to have
substantiation to describe how strong their
component is. They need to base this on
actual performance data from the place
where the products are produced. That's
what Materialise has been working on to
make sure that we have a stable, locked-in
process so that when we produce a part, it's
always going to be the same.”

In terms of metals, the industrialization pro -
cess for aviation is behind that of polymer
AM, but is certainly advancing, particularly
for low-risk, low-critical applications like
spare parts, tooling, and support equipment.
For instance, Materialise received EN9100
certification for metal parts in early 2025

and is currently making certified titanium
parts for MRO customers. For Lufthansa
Technik, for example, Materialise is now
supplying a 3D printed titanium latch to
replace a damage-prone polymer part in the
roller shutter assemblies on A330, A340,
and A380 aircraft. This part alone has deliv-
ered supply chain and cost benefits for the
MRO.

Materialise is also part of the SONRISA con
sortium, which aims to develop digitized,
standardized quality assurance concepts
for weight-optimized 3D printed metal

parts. This project, which also includes
partners Liebherr-Aerospace Lindenberg
GmbH, Boeing Deutschland GmbH, MTU
Aero Engines AG, and the Federal Institute
for Materials Research and Testing, is spe-
cifically focused on using in-situ and ex-situ

Materialise and Vocus redesigned a
coupler for metal 3D printing

process monitoring and statistical process
control to reduce reliance on costly inspec -
tion processes, like CT scanning, for every
printed metal part.

Ultimately, the goal is to prove AM’s capabil -
ity and implement the technology wherever
it can deliver a supply chain, cost, and per-
formance benefit. On the ground in the
aviation sector, signs of progress and aware -
ness are clear. “I'm a regular member of
EASA meetings on aviation certification and
| would say the maturity there is increas -
ing and the confidence as well,” De Zeeuw
adds. It is this combination of confidence
and maturity—driven in no small part by the
work Materialise has done for low-criticality
flight-ready parts—that is key to the future

of AM in aviation.
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