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Welcome

For the first time since our 2021 eBook series, we are focusing on the maritime
additive manufacturing segment and all the latest advancements in the fiel d. Step
aboard for a seaworthy edition with many maritime and marine AM insights.

In this eBook, we are pleased to present to our readers several insightful piec es,
beginning with an in-depth analysis of the industrial maritime AM sector , which
includes exclusive data from VoxelMatters Research Metal AM and Polymer AM
Market Reports. Next, is a feature about SPEE3D’s new maritime-grade Nickel
Aluminum Bronze (NAB) alloy for Cold Spray Additive Manufacturing, wh ich has the
potential to transform maritime AM applications. In the next story, we st eer away
from industrial maritime AM to look at how composite LFAM and intelligent soft ware
from Aibuild enabled the production of a monolithic 3D printed boat—the firs t of its
kind in the Southern Hemisphere.

Finally, in our mapping chapter, we chart the leading AM companies in the indus trial
maritime sphere who are reinventing how parts are made and maintained for mo re
agile supply chains. What is clear is that Maritime AM has evolved since our la st AM
focus ebook but is still an emerging area with much room for transformation and
maturation.
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Make strong corrosion-resistant
parts in Nickel Aluminium Bronze

We've worked with Naval Sea Systems (NAVSEA)
to achieve compliance for one of Maritime's most
common materials.

Excellent wear and corrosion resistance properties

* Antimicrobial and antifouling properties

CAMLOCK FITTING
Part Print Weight: 1.7kg/3.7lbs
Print Time: 30 minutes

» Galvanically compatible with steel and iron

Produce Nickel Aluminium Bronze parts in less
than 24 hours with SPEE3D's patented cold
spray metal 3D printing technology.

Time to get back

in operation.
Learn more at i .Ptls\/QPht.SlTlF;tJ/TM o
WWW.SPEE3D.COM art Print Weight: 11.3kg/24.9lbs

Print Time: 3 hours



https://www.spee3d.com/

Salling the
seas of AM,
from polymers
to metals

Maritime companies are rapidly embracing
polymer 3D printing for tools and parts, with metal
3D printed parts on the horizon






< Quick Take

Here we explore the maritime
Industry’s evolving adoption
of AM, focusing on the rise
of LFAM for polymers and
the increasing interest Iin
metal AM, based on insights
from the latest VoxelMatters
core AM market data.

The maritime industry, which has tradition -
ally been slow to adopt new technologies,

is now embracing the potential of additive
manufacturing. This is particularly evident
in the growing use of large format additive
manufacturing (LFAM) for polymers and the
emerging interest in metal AM. This arti -
cle explores the evolution, current trends,
and future prospects of AM in the maritime
industry, from polymers to metals, based on

the latest VoxelMatters core AM market data.

Historically, the maritime industry has been
slow to adopt new manufacturing technol -
ogies, including AM. The industry’s reliance
on established methods, combined with

the high costs and regulatory complexities
associated with maritime manufacturing,
has contributed to this slow pace. However,
the potential benefits of AM, such as waste
reduction and faster production pro -
cesses, have started to outweigh this initial
reluctance.

As the maritime industry faces increasing
pressure to improve efficiency, reduce envi -
ronmental impact, and innovate in design, AM
offers a pathway to achieve these goals. From
creating large production tools or custom
parts on-demand to enabling the production
of lighter, stronger components, AM is set to
revolutionize maritime manufacturing.



The rise of large format additive
manufacturing (LFAM)

Large format additive manufacturing (LFAM)
refers to 3D printing technologies that

can produce large-scale parts, often using
high-performance polymers and compos -
ites. These systems are designed to build
large components or even entire structures,
making them particularly appealing for indus -
tries like maritime, where the size of parts

can be substantial.

The first significant applications of LFAM
in the maritime sector focused on creat -
ing large composite tools and molds. These

applications demonstrated the technolo -
gy'’s ability to produce complex shapes more
quickly and cost-effectively than traditional
methods. Early adopters, such as shipbuild-
ers and yacht manufacturers, have shown
how LFAM can streamline production, reduce
material waste, and shorten lead times.

Compared to traditional shipbuilding pro -
cesses, which often involve labor-intensive
methods and significant material waste,
LFAM offers a more efficient alternative. By
directly printing components, LFAM reduces
the need for multiple production steps and
minimizes excess material, leading to lower
costs and faster production times.

Overall maritime polymer and metal AM markets (USD M) 2023-2033
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Polymer AM in maritime

Polymers used in maritime AM applications
include high-performance thermoplastics
like PEEK, PEI, and reinforced composites
like carbon and glass fiber-filled nylon, ABS,
or even PET. These materials are chosen for
their durability, resistance to harsh marine
environments, and the ability to produce
lightweight yet strong components.

Polymer additive manufacturing offers sev -
eral advantages for maritime applications.

It can produce lightweight parts that reduce
fuel consumption, create complex geome -
tries to enhance performance, and provide

corrosion resistance essential for marine
environments.

Additionally, polymer AM allows for rapid
production of custom tools and parts,
reducing downtime and maintenance costs.
Several maritime companies have suc -
cessfully integrated polymer AM into their
operations. Some shipbuilders use it to
create custom fixtures, jigs, and tooling,
while others have developed entire boat
hulls using large-scale 3D printers. These
examples demonstrate the growing confi -
dence in polymer AM’s capabilities within
the maritime sector.

Hardware maritime polymer and metal AM markets (USD M) 2023-2033
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Cold Spray Additive Manufacturing (CSAM) is one of the metal
AM processes gaining a foothold in the maritime industry

Metal AM in maritime

Metal AM in the maritime industry is also
gaining momentum. Affordable large format
metal AM technologies like Wire Arc Additive
Manufacturing (WAAM) and cold spray
(kinetic consolidation) are leading the charge
in this segment. Offered by several compa -
nies, including AML3D, WAAM3D and MX3D,
WAAM uses a welding process to deposit
metal wire layer by layer, building up parts
directly from digital designs. This tech -
nology is ideal for producing large, robust
metal components, making it well-suited for
maritime applications. Cold spray — such

as the process and machines introduced

by Australian company SPEE3D — rapidly

produces large metal parts by shooting
rough metal powders at the speed of sound.
Other conventional processes such as metal
powder bed fusion (PBF) and laser directed
energy deposition (DED) are also gaining
popularity.

Metal additive manufacturing offers

several key benefits for maritime appli -
cations, including the ability to produce
high-strength components with complex
geometries, reduce lead times for critical
parts, and enable on-site manufacturing for
repairs and maintenance at sea. Additionally,
metal AM can reduce the need for extensive
inventories of spare parts as components
can be produced on demand.

11



While polymer AM currently dominates

the maritime sector, metal AM is poised

to overtake it as the technology matures
and becomes more affordable. The unique
properties of metals, such as their strength
and durability, make them ideal for critical
maritime components. As the industry con -
tinues to invest in metal AM, its adoption is
expected to accelerate, eventually surpass -
ing polymer AM in terms of both application
breadth and economic impact.

Comparative analysis: polymer
vs. metal AM in Maritime

While polymer AM is generally less expensive
due to the lower cost of materials and equip -
ment, metal AM offers longer-term value
through the production of high-performance
parts that can withstand harsh maritime
conditions. This cost-benefit analysis is cru -
cial for maritime companies deciding which
technology to adopt.

Metal AM parts typically offer superior dura -
bility and performance compared to their
polymer counterparts, particularly in applica -
tions where strength and resistance to wear
and corrosion are critical. However, polymers
excel in areas where lightweight construc -
tion and complex geometries are required.

The choice between polymer and metal
additive manufacturing often comes down
to the specific application. For example,
polymers are ideal for creating tools as well
as lightweight, corrosion-resistant compo -
nents, while metals are preferred for high
value parts that require high strength and
thermal resistance. Understanding these
trade-offs is essential for maritime engi -
neers and designers.

12

Successful implementations
of AM in martime

Understanding these trade-offs is essen -
tial for maritime engineers and designers.
Several successful maritime projects have
implemented polymer additive manufac -
turing. For instance, yacht manufacturers
have used large-format AM to produce hull
sections, significantly reducing production
time and costs. Another case involved the
use of polymer AM to create custom parts
for a naval vessel, demonstrating the tech -
nology’s utility in both civilian and military
applications. In a recent high-profile case,
Dubai's Roads and Transport Authority (RTA)
launched a trial operation of the world’s first
electric abra manufactured using large-for -
mat AM 3D printing technology from CEAD.

Within metal AM applications, one notable
success is the production of propeller blades
using WAAM by Dutch company RAMLAB.
This project not only showed the feasibil -
ity of producing large, complex metal parts
but also highlighted the potential for AM to
revolutionize the supply chain for critical
maritime components. Another example

is the use of metal AM to create bespoke
fittings and fixtures for luxury yachts, show -
casing the technology’s flexibility and
precision. Additionally, many contenders in
the recent America’s Cup have partnered
with AM companies to produce several parts
and components for their state-of-the-art
vessels.

These case studies provide valuable insights
into the challenges and opportunities asso -
ciated with AM in the maritime industry,
emphasizing the importance of early stake -
holder engagement, robust testing and



Materials maritime polymer and metal AM markets (USD M) 2023-2033

Source: VoxelMatters Research

JI‘“IIIIIIl

validation processes, and the potential for
AM to disrupt traditional supply chains.

The economic impact of AM in Maritime

The adoption of AM in the maritime industry
is driving significant revenue growth. In 2023,
polymer AM generated approximately $217
million, while metal AM contributed $135
million. By 2033, these figures are expected
to reach $1.5 billion and $1.8 billion, respec-
tively, reflecting the increasing adoption of
AM technologies across the industry.

AM has the potential to reduce manufac -
turing costs in the maritime industry by
minimizing material waste, shortening pro -
duction times, and reducing the need for
expensive tooling. These cost savings are

particularly significant for industries like
shipbuilding, where the production of large,
complex parts is common.

Investment in maritime AM technology is

on the rise due to the clear economic ben -
efits and the growing demand for custom,
high-performance parts. This trend is
expected to continue as more companies
recognize the value of AM and as the technol -
ogy continues to evolve.

AM hardware for maritime applications

In 2023, polymer AM hardware generated
approximately $98 million in revenue, and
this figure is expected to steadily grow to
around $611 million by 2033. This growth
is driven by the increasing demand for

13



Services maritime polymer and metal AM markets (USD M) 2023-2033
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large-scale polymer printers capable of pro -
ducing parts for maritime applications.

Metal AM hardwatre is experiencing rapid
growth, with revenue expected to increase
from $77 million in 2023 to $899 million

by 2033. Key drivers include the grow -

ing adoption of metal AM for producing
large, high-strength components and

the increasing availability of affordable,
high-performance metal AM systems. While
both the polymer and metal AM hardware
markets are expanding, metal AM is growing
at a faster rate due to its ability to produce
durable, high-performance parts.

By 2033, metal AM hardware is projected
to surpass polymer AM hardware, reflecting

14

the industry’s shift towards metal-based AM
technologies.

AM materials in maritime:
analyzing the market

Polymer AM materials, including thermo -
plastics and composites, are popular in the
maritime industry due to their resistance to
marine environments, lightweight properties,
and compatibility with large format printers.

On the other hand, metal AM materials such
as stainless steel, aluminum, and titanium
are gaining traction in the maritime sector
because of their strength, corrosion resis -
tance, and suitability for producing critical
components. The market for both types of



materials is expected to grow rapidly in the
coming years, driven by the increasing adop -
tion of metal AM technologies.

In 2023, polymer materials generated $27
million in revenue, while metal materials
brought in $11 million. By 2033, these fig -
ures are projected to reach $230 million and
$159 million, respectively, reflecting the
broader adoption of AM technologies.

AM services in maritime:
the growing market

As for AM services, which encompass the
design, production, and finishing of AM
parts, both polymer and metal AM ser -
vices are expected to experience significant
growth. Polymer AM services are projected
to increase from $92 million in 2023 to

$682 million by 2033, driven by the demand
for custom, on-demand parts in the mari -
time industry. Similarly, metal AM services
are expected to rise from $48 million in
2023 to $757 million by 2033, as metal AM
becomes increasingly utilized for producing
high-strength and durable components for
maritime applications.

Challenges and potential for
AM adoption in maritime

Despite the potential for growth, there are
several challenges to adopting AM in the
maritime industry. One major obstacle is
finding materials and processes that can
withstand harsh marine environments.
Additionally, the large size of many matri -
time components presents challenges for
AM systems, requiring specialized equip -
ment and processes. The maritime industry
is heavily regulated, with strict certification

Robotic AM enables the creation of intricate, custom
yacht components like air grids and superstructures.

requirements for components used in ships
and vessels.

Ensuring that AM-produced parts meet these
standards poses a significant barrier to adop -
tion, necessitating extensive testing and
validation. The high initial costs of AM equip -
ment and the need for specialized skills are
also economic barriers to adoption in the
maritime industry. Furthermore, integrating
AM into existing production processes can be
logistically challenging for companies accus -
tomed to traditional manufacturing methods.

Despite these challenges, the AM market in
the maritime industry is expected to grow

at a CAGR of 25.2% with metal AM taking
the lead. By 2033, the AM market in mar-
itime is expected to reach several billion
dollars, highlighting the increasing impor -
tance of AM technologies. One of the driving
forces behind this growth is the emergence
of hybrid AM systems that combine additive
and subtractive processes. These technolo-
gies are anticipated to fuel future expansion
in the maritime AM market by reducing

15



costs and enhancing the performance of
AM-produced parts.

Over the next decade, AM is predicted to
become a standard component of the mar -
itime manufacturing process, especially

for the production of custom, high-perfor -
mance parts. As the technology continues
to advance and become more accessible, its
adoption in the maritime industry is likely

to accelerate due to the clear economic and
operational advantages it offers. Both poly -
mer and metal AM provide sustainability
benefits compared to traditional manufac -
turing methods, such as reduced material
waste and lower energy consumption.

However, the sustainability of each
approach depends on the specific mate -
rials and processes employed. AM allows
for the production of parts with minimal
material waste, as components are built
layer by layer using only the necessary
material. As the maritime industry moves
towards more sustainable practices, AM is
expected to play a crucial role. By enabling
the production of lighter and more efficient
components while minimizing waste, AM
can assist the maritime industry in achiev -
ing its environmental goals.

Innovations in Maritime
design enabled by AM

AM also offers unprecedented design free -
dom, empowering maritime engineers

to create custom parts with intricate
geometries that would be challenging or
impossible to produce using traditional
methods. This capability is particularly valu -
able for fabricating bespoke components

for luxury yachts and specialized vessels.
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CEAD’s Flexbot Maritime system
manufacturing a boat at Al Seer Marine.

Furthermore, AM enables the production of
lightweight structures that can reduce a ves -
sel’s overall weight, leading to improved fuel
efficiency and lower operating costs.

This advantage is especially significant for
large vessels, where even slight weight
reductions can have a substantial impact on
performance. At the same time, AM is driving
innovations in hull design and marine equip -
ment, allowing for the creation of optimized
shapes and structures that enhance per -
formance and durability thus pushing the
maritime industry to explore new possibili -
ties in ship design.

As the maritime industry increasingly adopts
AM, its impact will grow, leading to more
efficient and innovative ship designs. With
anticipated growth in both polymer and
metal AM, the evolving technology promises
to unlock new possibilities, driving innovation
and efficiency for shipbuilders and marine
engineers.
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Feature

SPEE3D’s NAB Is
a game-changer
for maritime AM

The Australian company has developed two grades of
ultra-corrosion-resistant Nickel Aluminum Bronze alloys,
iIdeal for maritime applications.

In collaboration withSPEE3D
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< Quick Take

Australian manufacturer
SPEE3D has developed a
Nickel Aluminum Bronze
alloy compatible with its Cold
Spray Additive Manufacturing
(CSAM) technology. The
powder material is a game-
changer for maritime OEMS.

Not all metals possess the properties and
corrosion resistance needed to withstand
the tough conditions faced by ships and
maritime vessels. Nickel Aluminum Bronze
(NAB), however, is one of a small number of
metal alloys that can. Today, NAB is broadly
used in the maritime industry in the pro -
duction of ship valves, propellers and other
components, as it offers high strength, anti -
microbial, antifouling and corrosion resistant
properties. Typically, NAB components are
manufactured using casting processes,
however this manufacturing approach is bur -
dened by certain limitations, like the need
for costly tooling, long turnaround times and
complex logistics.

Being able to additively manufacture NAB

20

parts has therefore been of keen interest to
maritime OEMs and ship maintenance crews.
However, working with the metallic alloy

has presented challenges due to the materi -
al's complexity and the standards needed to
ensure the quality and performance of NAB
parts for maritime applications. Up until now,
that is. Australian manufacturer SPEE3D has
developed and released a Nickel Aluminum
Bronze alloy compatible with its Cold Spray
Additive Manufacturing (CSAM) technology.
The powder material is a game-changer for
maritime OEMs, who can now 3D print ship
parts at the point of need (including at for -
ward bases, at ports or directly onboard),
dramatically reducing production times and
Ccosts.



The gold-standard for maritime

The newly released 3D printing metal was
developed through a collaboration between
SPEE3D and the US Naval Sea Systems
Command (NAVSEA) to address the hurdles
of increasingly unstable supply chains and
the costs associated with casting NAB parts.
After extensive development and evaluation,
SPEES3D successfully developed two NAB
powder feedstocks: an exclusive material for
NAVSEA that meets specific requirements for
its maritime applications, and a commercial
grade (Expeditionary) that has 97% of the for -
mer’s properties.

Expeditionary NAB can be used with SPEE3D
Expeditionary Manufacturing Unit (EMU).

Both grades of the NAB material are engi-
neered for use with SPEE3D’s CSAM
technology, an automated process that
builds parts additively by spraying metal par -
ticles onto a substrate using compressed

air that can reach supersonic speeds. The
kinetic energy generated by the speed of
the cold spray results in metal particles that
bind together for a dense metal component
with low porosity. The CSAM process is also
notable for its lack of extreme temperature
variations, which translates to a lower risk

of residual stresses in parts, including mini -
mized risk of cracks, warping and distortions.
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The NAB powder certified for NAVSEA use,
called C958 NAB, requires a combination of
conventional and Hot Isostatic Pressing (HIP)
heat treatments to produce defect-free parts
with “the correct composition and hard -
ness condition, including the Nb required by
the B369 specification for weldability”. This
slightly higher caliber material is intended

for the production of safety-critical parts for
surface and sub-surface maritime vessels
and effectively enables end users to produce
“fully compliant, like-for-like” replacement
parts. The commercial-grade NAB powder, for
its part, does not require HIP heat treatments,
offering a more accessible and cost-effective

SPEE3D manufactured a 1.7 kg camlock fitting
that was 3D printed in half an hour.

pathway to 3D printing NAB maritime parts
with high strength (58 ksi, 390MPa UTS)
and corrosion resistance. This material
grade is ideal for manufacturing tempo -
rary replacement parts to address supply
chain delays or shortages and keep critical
maritime systems operational while the
permanent replacement part is delivered.

Expeditionary NAB does require a simplified
heat treatment process, such as homog -
enization, but can be easily used onboard
ships that operate SPEE3D’s Expeditionary
Manufacturing Unit, which was released

in May 2024 and is particularly well suited
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to point of need manufacturing as itinte -
grates the XSPEE3D metal 3D printer with
SPEE3Dcell post-processing and testing
unit in two 20-foot shipping containers.

As the company puts it: “SPEE3D’s EMU
system can manufacture an Expeditionary
grade NAB most places on the planet with
an adequate power supply and a handful of
flat ground. We see this as game-changing
technology in the sustainment of civilian
and military marine equipment.”

NAB applications in maritime

The nature of the CSAM process, which
applies metal layers to a substrate, makes it
ideal for ship maintenance and repair oper -
ations. Now, with the ability to print with
NAB, maritime end users can repair NAB
parts or print replacement parts onboard,
while also benefiting from the material’s
lubricity, resistance to cavitation damage
and, of course, its extreme corrosion
resistance.

The potential maritime applications for

the new Nickel Aluminum Bronze alloy are
numerous. To demonstrate this versatility,
SPEE3D has already printed a number of
sea-worthy parts, including a propeller strut
(which weighed 11.3 kg and was printed in
just three hours), a 6.9 kg bushing which
only took two hours to manufacture and a
1.7 kg camlock fitting which was printed in
half an hour.

Other applications include ship rudders,
propeller shafts, valve bodies, pipe fittings
and engine infrastructure. The maximum
build volume of the CSAM technology is up
to one meter in diameter and 0.7 meters in
height—or up to 40 kg. SPEE3D emphasizes

that cast-equivalent metal parts of this
scale can be printed in mere hours, rather
than weeks.

Of course, the material also has applica-
tions outside of the maritime segment. As
Byron Kennedy, CEO of SPEE3D explains:
“NAB Expeditionary is a great solution for
other industries as well: defense, oil and gas
and mining, for example. Parts can be field
produced and delivered in under 24 hours,
making it an extremely fast and reliable way
to keep operations running.”

SPEE3D’s maritime focus

SPEE3D has been active in the maritime
AM sphere for some time now, with a par -
ticular focus on working in collaboration
with defense organizations, such as the
Australian and British Armies, NAVSEA and
the US Naval Postgraduate School.

The Australian company also has a range of
other material grades suitable for maritime
applications, including the low-corrosion
aluminum alloy Al 6061; aluminum bronze,
which has exceptional corrosion resistance
to sea water; corrosion resistant and ductile
stainless steel; and copper.

SPEE3D’s new NAB materials will solidify
the company’s ability to serve the maritime
market and will undoubtedly push the adop -
tion of 3D printing by maritime end users

and beyond.
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Case Study

At the cutting
edge of boat
design and
manufacturlng

A thre mt r boa t3Dp nted by Hyper
single p showc h W LFAM nd A b Id’s
softwar t f orm marine productio
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< Quick Take

We dive into the story of how
Australian LFAM specialist
Hyperion Systems built the first
3D printed boat in the Southern
Hemisphere using a combination
of its own technology,

glass-fiber reinforced PP

and Aibuild software.

Boat design and manufacturing have evolved The boat, which measures just over three
enormously over time, from the use of meters in length, was 3D printed in a
carved wood and animal hides, to high-tech single piece using Hyperion’s proprietary
molded composites and now to 3D printed large-format pellet-extrusion 3D printer
boat structures. Today, large-format compos - (itself capable of manufacturing parts up
ite 3D printing finds itself at the forefront of to 9 x 2.6 x 1.5 m). The boat, which took
boatbuilding innovations, with many exciting 36 hours to print, is made from a glass-fi -
“firsts” showcasing the radical potential of ber reinforced polypropylene, which offers
using additive manufacturing to make boats the right combination of durability and

with greater production agility, performance strength-to-weight ratio for marine applica -
optimization and superior sustainability. One tions. Fiberglass composites are standard
such first comes from Australian LFAM spe - in boat making, not only because of their
cialist Hyperion Systems, which leveraged lightweight properties, but because the

its own 3D printing technology and Aibuild’s materials are affordable and very resistant
software solution to create the first 3D to corrosion caused by water and salt.

printed boat in the Southern Hemisphere.
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Also vital to the successful boat build was
the use of Aibuild’s AM software, which
simplifies and automates multi-axis tool -
path generation for repeatable industrial
3D printing. The software, which has appli -
cations across several industries, offers
specific advantages to the maritime/marine
industry. “A few key benefits our clients
have experienced include the ability to print
porosity-free and watertight parts through
precise control of printing parameters, bead
overlap and wall layer staggering features,”

the company explains. “The level of con -
trol with Aibuild software enables engineers
to manufacture high-quality durable parts
that meet the stringent demands of marine
environments.”

Beyond being able to meet the functional
requirements of building a safe and reliable
boat structure, large-format 3D printing also
has the benefit of streamlining the produc -
tion process on the whole. As Hyperion puts
it: “One of the most transformative benefits

The boat was 3D printed from a glass-fiber reinforced polypropylene,
which offers an ideal strength-to-weight ratio for marine applications.

Image: Hyperion Systems via Aibuild

27



of 3D printing in boat manufacturing lies in its Aibuild’s software solution supports this

ability to liberate designers from traditional type of agile production, allowing for seam -
constraints.” While conventional boat building less integration of customized elements
methods require tooling and molds—which into the design or rapid iterations when

not only add to the costs of boat produc - design requirements change. For example,
tion but also extend the time-to-market—3D the dimensions or exact structure from
printing can directly print boat structures for one boat to the next can be changed with -
less money and in shorter time frames (i.e. 36 out having to commission new tooling,
hours), while also facilitating changes in boat unlocking previously impossible levels of
designs and even customization. flexibility. Directly 3D printing parts also

The 3D printed boat took just 36 hours to print using Hyperion
Systems’ LFAM platform and Aibuild software.
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eliminates many of the steps involved in
more conventional composite molding
processes.

Another key benefit of producing boat
structures using composite LFAM is related
to sustainability. As Hyperion specifies, 3D
printing minimizes waste by building addi -
tively and can even use recycled materials
in boat building. The streamlined production
process and elimination of tooling can also
minimize the amount of energy required

to construct the boat. “These factors align
with global environmental objectives,
positioning 3D printed boats as a beacon
of sustainable manufacturing,” the LFAM
company says.

“Aibuild was thrilled to support Hyperion
Systems in their project to build the
Southern Hemisphere’s first 3D printed
boat,” Aibuild told us. “Working with an
innovative team provides us with an invalu -
able opportunity to test Aibuild software

for large format additive manufacturing.
Seeing our platform being used to manu -
facture a boat hull in one build spanning
over three meters in length was an incred -
ible testament to the dedication of our
developers to engineer an AM platform that
is both efficient and reliable. We are proud
to collaborate with Hyperion Systems and
anticipate many more innovative projects
with their team in the future.”

Notably, Aibuild’s software solution is also
being used for other marine applications,
including the production of tooling for glass
fiber parts. In this indirect production tech -
nique, large-format 3D printing controlled
by Aibuild’s software is used to produce
molds ready for glass fiber layups. This

approach to a more conventional produc -
tion method speeds up the delivery time for
tools significantly, enabling fiberglass parts
to be built within days.

Other direct additive manufacturing appli -
cations for Aibuild’s software include boat
or yacht interior structures, like seating and
consoles, as well as secure polymer hous-
ings for sensitive marine instruments. For
example, Aibuild’s software was employed
recently in the printing of a windshield
frame with 0% infill for a yacht. This marine
component was printed by UK-based EVO3D
using its robotic 3D printing cell.

Aibuild’s software functions differently to
traditional slicing programs in that it does
not rely on horizontal slicing. Instead, it
generates multi-axis toolpaths for robotic
printing systems with variable layer heights
and extrusion rates. This approach unlocks
greater freedom of movement for large-for -
mat AM and streamlines the production
process by eliminating the need for sup -
ports and extensive post-processing.

“The advantages of large-format additive
manufacturing bring exciting opportuni -
ties to marine applications,” the company
adds. “Plus the ability to quickly prototype
and produce custom parts allows for greater
design flexibility and faster implementation
of new designs. Additionally, the large scale
of the print envelope means Aibuild soft -
ware can be used for printing everything,
including the entire boat hull.”
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Mapping

Charting AM

companies In the
maritime sector

The key AM companies spearheading a supply
chain revolution in the maritime industry
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*¢ Quick Take

We map out the small but
strong group of companies
that are navigating the
waters of industrial maritime
additive manufacturing with
the aim of transforming and
reinforcing supply chains.

With 90% of the world’s trade reliant on mar -

itime shipping and supply chains increasingly
strained due to geopolitical issues, port con -
gestion and climate change, it is no wonder
that additive manufacturing is increas -

ingly being explored as a solution that can,

at the very least, minimize ship downtimes
caused by maintenance and repair opera-
tions. While still limited in adoption compared
to the aerospace or automotive industries,
the maritime sector is gradually embracing
additive manufacturing for repair and spare
part production, recognizing the technology’s
ability to radically accelerate MRO, minimize
inventory requirements and facilitate point-
of-need production.
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In this Maritime AM mapping chapter, we
will be looking at the companies working
with shipping and naval defense organiza -
tions to validate and advance AM materials
and processes with the aim of alleviating
supply chain burdens and facilitating the pro -
duction of maritime-grade structures and
parts. You'll notice that many of the compa -
nies highlighted are specialists in large-scale
metal additive manufacturing and work with
robust corrosion-resistant materials—both
necessary requirements for current ship
maintenance applications.



SPEE3D

Australian company SPEE3D specializes in
Cold Spray Additive Manufacturing (CSAM),
a metal AM process highly suited to repair
and maintenance applications as well as
on-demand spare part production for mari -
time applications. Notably, the company has
adapted its technology for remote deploy -
ment, even launching an Expeditionary
Manufacturing Unit (EMU), which short -
ens supply chains by bringing production
directly to forward bases, ports or, in some
cases, even onboard ships. SPEE3D’s technel
ogy is also compatible with maritime-grade
materials, such as recently launched Nickel

SPEE3D’s AM technology can bring production to
forward bases, ports or onboard ships.

Aluminum Bronze alloys, which are in use by
US Naval Sea Systems Command (NAVSEA).

The company’s CSAM technology, capable of
printing cast-equivalent metal parts weighing
up to 40 kg in just hours, has unsurprisingly
been of interest to several maritime and
defense organizations, including the US Naval
Postgraduate School, NAVSEA, the Australian
army and more. Most recently, SPEE3D par
ticipated in Trident Warrior, an experimental
phase in the RIMPAC international maritime
exercise, in which several aluminum and
stainless steel parts 3D printed using its EMU
were evaluated for material properties and
tested to establish the viability of metal AM
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for reinforcing naval supply chains through
point of need production.

AML3D

AML3D is another Australia-based company
that is leading the adoption of metal AM for
industrial maritime applications. The com -
pany’s Wire Additive Manufacturing (WAM)
technology—on which its ARCEMY platform
is based—is capable of building large-scale
metal structures using an electric arc to melt
and deposit metal wire feedstock. AML3D’s
WAM process is particularly valuable for

An inert gas fan impeller 3D printed on
AML3D’s ARCEMY platform.
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sustainment services as it enables the
on-demand production of obsolete parts
using a variety of maritime-grade metal wire
feedstocks.

The company’s technology is being explored
and integrated by a number of maritime
groups with a particular focus on sub -
marine applications. For instance, the US
Navy’s Additive Manufacturing Center of
Excellence (AM CoE) operates the ARCEMY
X-Edition 6700 to support the US Navy’s
submarine industrial base. AML3D also has
contracts with BlueForge Alliance, a US



DoD intermediary, to qualify NAB and CuNi
alloys for maritime AM using its WAM tech -
nology, and has supplied its technology to
Cogitic Corporation, a supplier to the US

Navy’s Submarine Industrial Base. AML3D also

has more local partnerships: earlier this year
it signed a AUD$0.24 million contract with
the Australian Government Defence Science
and Technology Group (DSTG) to print NAB
and steel components for testing in marine
applications.

Pelagus 3D

Pelagus 3D was founded in 2023 as a joint
venture between German engineering com -
pany thyssenkrupp and ship management
company Wilhelmsen. The new group further
formalized the ongoing cooperation between
the two companies to adopt 3D printing

for the repair of legacy vessels and aims to
become the “largest one-stop, on-demand
digital manufacturing partner for the mari -
time and offshore industries.”

Pelagus 3D is connected to a network of pro -
duction partners and thus offers access to a
range of industrial AM technologies as well as
insights into ASTM/API standards and classi-
fication society rules. Working with Pelagus
3D, maritime end users can browse a secure
catalog of spare parts and order bespoke
components, which are then manufactured
near the point of need. To date, Pelagus 3D
has produced various replacement parts to
streamlining maintenance and repair opera -
tions, including a harbor craft propeller, motor
fans, deck seal pump impeller and more. Most
recently, the joint venture entered into a part -
nership with Immensa, MENA's largest digital
manufacturer to develop spare parts for the
maritime and energy sectors.

DNV has compiled class rules for AM, covering
materials, processes and parts.

DNV

Classification society DNV is playing an
important role in the proliferation of AM tech -
nologies for maritime applications. The group,
which began exploring the potential of AM

for shipping in 2016, has worked with various
industry stakeholders on joint industry proj -
ects to establish a framework of guidelines
and rules for 3D printed processes and parts.

The Norway-based classification society has
actually compiled class rules for AM, which
encompasses AM materials, processes and
components. As Ramesh Babu Govindaraj,
Principal Material Specialist at DNV Maritime,
explained: “This benefits both the designer
and the OEM because the AM manufactured
parts will be accepted for the classifica -

tion regime. This means that class accepts
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RAMLAB is developing Hexbot, one of the largest
multi-arm WAAM setups in Europe.

the AM process the same way it has been
accepting rolling, forging and casting.” For
instance, DNV published a verification state -
ment for a two-meter diameter copper ship
propeller made using WAAM. The large mar
itime structure is 3D printed by SY Metal in
South Korea and can reportedly be manufac-
tured in half the time it would take to cast the
part.

RAMLAB

Dutch metal manufacturer RAMLAB was
founded through a collaboration between
the Port of Rotterdam, InnovationQuarter
and RDM Next with the aim of focusing on
the production of metal maritime parts using
WAAM. Based at the Port of Rotterdam’s
Innovation Dock, RAMLAB is strategically
positioned to supply and repair metal ship
parts, like turbines, sinter crushers, forging
dies and more.
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RAMLAB operates two different solutions:
the MaxQ Repair, an automated plat-

form dedicated to repairing worn metal
parts, and the MaxQ 3D Print, a turnkey
WAAM platform that consists of a robotic
welding source powered by RAMLAB's
MaxQ 3D Print software and monitoring
and control sensor suite. More recently,
RAMLAB has been working alongside DEEP
Manufacturing to develop Hexbot, one of
the largest multi-arm WAAM manufacturing
capabilities in Europe. This impressive pro-
duction setup will be used to make pressure
vessels suitable for deployment up to 200
meters below the surface.

Titomic

Titomic’s metal cold spray AM technology,
known as Titomic Kinetic Fusion (TKF), is
viable for maritime applications due to its
ability to rapidly build metal parts (or repair
existing structures) without the need for
high temperatures. For the same reasons,
the company’s technology has also been
adopted by several military end users for
repair and maintenance operations at the
point of need.

The Australian company recently supplied
its D523 low-pressure cold spray system to
the French Ministry of the Armed Forces (on
behalf of the Fleet Support Service of the
French Navy). The system will be deployed
to support the sustainment and mainte -
nance of the French Navy fleet, through

the in-situ treatment of part corrosion,

worn surfaces and more. Cold spray AM is a
good fit for repairing corrosion since it can
deposit corrosion-resistant metals, like tita -
nium, onto dissimilar metal substrates.



Four-meter-long aluminum bulb keel 3D printed
by MX3D and KM Yachtbuilders.

MX3D

Dutch company MX3D, best known for 3D
printing a 12-meter-long canal bridge in
Amsterdam, is a specialist in large-scale
robotic Wire Arc Additive Manufacturing
(WAAM). One of the technology’s main target
industries is the maritime sector. As the
company says: “Robotic WAAM offers solu-
tions for the industrial production of complex
objects in the Maritime industry to automize
the process, whereby material optimization
and cost reduction can be achieved.”

In the maritime sphere, MX3D has collabo -
rated with Dutch company KM Yachtbuilders
to explore the use of WAAM for the pro -
duction of metal boat parts, including a
four-meter-long aluminum bulb keel and a
high-end cowl vent. MX3D’s technology has
also been demonstrated for the production
of bronze propellers.
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