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dditive manufacturing (AM) is no longer just an

alternative to traditional manufacturing methods;

it’s a transformative shift in how parts are designed,

built, and qualified. With AM, engineers can create
complex internal geometries, lattice structures, and multi-func-
tional components that simply were not possible with tradi-
tional manufacturing methods. The design freedom unlocked
by AM is advantageous in the next generation of naval innova-
tion, particularly as shipbuilding programs push to meet ambi-
tious construction goals and improve warship readiness.

For suppliers, embracing AM isn’t just about swapping out
tools; it’s about rethinking the entire design process. Working
to understand and prepare for AM-driven design and qualifica-
tion changes is necessary to remain competitive in future U.S.
Navy shipbuilding programs. This article will explain how new
standards are driving qualification, supporting U.S. Navy con-
struction goals and fleet readiness.

What is Driving Navy Interest in AM?

A few Kkey factors are driving the Navy’s growing interest in
AM. Primarily, fostering a resilient supply chain is essential to
the Navy’s ambitious construction goals, which include build-
ing two Virginia- and one Columbia-class submarines annually.

As the U.S. Navy shipboard construction and maintenance
demand increases to support the building of submarines annu-
ally, the additional strain on the U.S. Navy’s supply chain cre-
ates frequent issues. Supply chain issues have challenged the
U.S. Navy for well over a decade, but they’ve become signifi-
cantly more acute and visible in the past 5 to 7 years, due to a
combination of structural and global factors. An aging fleet
and its deferred maintenance started to expose supply chain
vulnerabilities, made more challenging by under-resourced
and understaffed shipyards.

The Covid pandemic increased disruption by delaying avail-
ability of raw materials, electronics, and specialized compo-
nents. Today’s geopolitical tensions, inflation, and workforce
shortages tighten supply chains even more. Currently, supply
chain fragility remains one of the top barriers to maintaining
readiness, with some repair parts taking 6-18 months to arrive,
according to recent Navy briefings. The Navy continues to
push for domestic sourcing, modernization of supply logistics,
and advanced manufacturing as long-term solutions.
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An emerging benefit of AM is that it can step into supply
chain challenges to accelerate maintenance and reduce down-
time with on-demand production of replacement parts faster
than traditional means. By decentralizing production, AM
aligns with the Navy’s goals by reducing dependency on tradi-
tional suppliers and tools for hard-to-source or obsolete com-
ponents, especially for aging ships with legacy systems.

Shipboard integration continues as more AM components are
now qualified for naval use. As the number of approved parts
increases, the risks of adopting AM are better understood and
addressed. Today, the U.S. Navy’s adoption of AM is laying the
foundation for optimized designs and enhanced capabilities in
future generations of surface combatants and submarines. Ulti-
mately, additive manufacturing is not just a new production
method. It is a force multiplier for readiness and innovation, help-
ing the Navy keep ships mission-ready, faster and more efficiently.

New Design Capabilities Paving Future Innovations

Additive manufacturing makes it possible to design parts
in ways that traditional methods are unable to match. One
major advantage is the ability to create complex internal
geometries. For example, AM can provide flow diffusing
capability to enable precise control of fluid flow through
valves—a characteristic that is nearly impossible to achieve
with machining.
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Commonly known as 3D printing, AM is a manufacturing process that builds
objects layer by layer from digital designs. Materials used include metals,
polymers, or ceramics. Unlike traditional subtractive methods that cut away
material from a solid block, AM adds material only where needed. The process
enables complex geometries and reduces waste, and is recognized for pow-
ering new design possibilities, faster production, and enhanced supply chain
resilience. (Image: Shutterstock)
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Another breakthrough is the ability to
integrate lattice structures with ease,
which have unique performance capabil-
ities. For instance, lattice structures can
be used to improve performance under
impact-loading, optimize thermal man-
agement, or significantly reduce weight
while maintaining strength.

Critically, AM also allows for integrated
functionality. Designers can combine
multiple features into a single part, such
as combining stacks of flow control devic-
es into a single, monolithic component.
This decreases the number of assembly
steps, improves performance, and mini-
mizes the number of possible failure
points. Overall, AM enables design inno-
vation as additive techniques support the
creation of lighter, more efficient, and
multi-functional parts. This aligns closely
with the Navy’s goals to modernize future
shipboard systems and improve ship
capabilities without lengthy overhauls.

Despite the value proposition with
design innovations and on-demand pro-
duction, AM still faces a few major chal-
lenges in naval applications. The U.S.
Navy is a risk-conscious entity where sail-
or safety is the top priority. Therefore,
quality assurance documentation and
thorough inspections are requirements
which pose a unique set of challenges for
complex AM components. The first major
hurdle is qualification, with extensive
(and time-consuming) testing and docu-
mentation necessary for part approval.

Nondestructive Testing (NDT) is
another roadblock. Fundamentally,
NDT is designed to inspect what cannot
be seen externally and to reject materials
which have defects that could be detri-
mental to safety or performance. The
success of NDT methods is based on a
knowledge base of critical defect sizes
and the methods that are capable of
identifying those defects.

Traditional NDT methods, like Ultra-
sonic Testing (UT), are not well suited to
inspect the complex shapes and internal
features of AM parts. For example, UT is
awidely used NDT method in traditional
naval manufacturing, especially for pip-
ing and structural components. Howev-
er, AM parts with complex internal
geometries can scatter ultrasonic waves,
diminishing the value of standard UT
techniques for AM flaw detection.

8

Based on DfAM (design for additive manufactur-
ing) methods, Marotta's lattice-integrated mani-
fold increases the additive manufacturability over
the legacy component. (Image: Marotta Controls)
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The design improves distortion response and ap-
plication performance compared to a minimal ma-
terial (or TopOp) manifold DfAM approach. (Image:
Marotta Controls)

Overall, NDT needs to evolve to keep
up with the complexity of AM parts,
which often have internal channels, lat-
tices, or cavities that aren’t accessible
with traditional inspection methods. For
example, to develop a path forward,
ongoing UT equivalency studies are aim-
ing to develop modified and more
advanced ultrasonic approaches that
can be reliably used with more complex
AM parts and features in existing Navy
inspection protocols.

Computed Tomography (CT) scanning
is becoming critical in this effort as well,
enabling inspection by compiling thou-
sands of x-ray images of the part from
different angles. CT scanning provides a
3D image of an AM part’s internal struc-
ture, revealing voids, cracks, or deforma-
tions that could compromise perfor-
mance. This same level of visibility helps
validate whether the printed part meets
the nominal design, ensuring dimen-
sional accuracy and consistency. That
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said, CT is costly and slow, which under-
mines the value of AM’s speed and flexi-
bility. It also may still face technical bar-
riers related to the complexity, size, and
materials used in certain AM parts. Large,
dense parts with both large and small fea-
ture sizes likely present a challenge that
only in-situ monitoring can address.

AM parts push the boundaries of
what’s possible in design, but they also
require new ways to ensure quality and
safety. Traditional inspection tech-
niques weren’t built for this level of
complexity, which is why new testing
methods and standards are essential for
widespread AM adoption in critical
naval applications.

Moving from the Lab to the Fleet

The Navy is steadily learning and
adapting based on recent AM qualifica-
tion efforts, with signs of meaningful
progress.

Until recently, organizations were
reluctant to share AM data because of
the time and cost invested in qualifica-
tion. This close-to-the-vest approach
with data slowed down standard devel-
opment and created silos across the
industry. Alternatively, open collabora-
tion — through programs like America
Makes—Ileads to better, faster, and more
consistent standards. It also helps avoid
duplicate efforts. The Navy, along with
top private sector players, is now partici-
pating in collaborative review teams to
revise standards like NAVSEA S9074-A2-
GIB-010/AM-PBE. These groups include
Marotta Controls, U.S Navy major
defense contractors, subcontractors and
suppliers, showing a shift toward greater
transparency and joint problem-solving.

One of the slowest parts of AM qualifica-
tion is the material approval process. Each
AM powder and process combination
must meet rigid process and material qual-
ification requirements, and each separate
AM machine must be qualified separately.

To accelerate this process, the Navy
needs to define practical, AM-specific
material specifications that are still rig-
orous but don’t overburden manufac-
turers. Demonstrating progress, NAV-
SEA has released a new revision of its
AM technical publication, incorporat-
ing lessons from field testing and quali-
fication pilots.
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These lessons have been well received
by the engineering and R&D community,
especially those that have struggled with
outdated standards. However, change is
still gradual. The Navy’s natural caution
around mission-critical applications
means that trust in AM requires time to
build. Momentum is growing as the Navy
steps back to critically assess risk when
considering AM as a potential tool.

To date, the Navy qualification
approach for AM involved qualifying
each part individually; however, this
approach is costly and time consuming.
That model doesn’t scale with AM nor
compare to the traditional approach of
qualification through inspection and
component-level testing. Considering
each AM component has an additional,
independent qualification, the process is
too time-consuming and costly when
attempting to scale AM.

Qualification should instead be
based on part families or categories,
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While 3D printing on U.S. Navy ships is still in its |nfancy as a concept, there have been several demon-
strations and exercises evaluating the concept. Pictured here, is Hull Technician 3rd Class Mario Enriquez
Sanchez cutting the baseplate of a 3D printed component aboard the San Antonio-class amphibious trans-
port dock ship USS Somerset (LPD 25) during Exercise Rim of the Pacific (RIMPAC) 2024 held last year in
the Pacific Ocean. (Image: U.S. Navy)
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i.e., qualifying a group of flow compo-
nents made with the same material,
machine, and process. It’s an idea that
has started to gain traction. For
instance, teams like Marotta and Elec-
tric Boat are now helping shape frame-
works that apply to classes of parts
rather than just single designs. NAVSEA
has even begun releasing updated
guidelines that reflect these changes.
Additive manufacturing holds
immense potential for reshaping naval
ship design, enabling capabilities that
go far beyond simply replacing tradi-
tionally manufactured parts. But to
realize its full value, the industry must
continue pushing for stronger qualifi-
cation frameworks, broader data-shar-
ing practices, and greater alignment
between design innovation and
inspection methods. As qualification
standards evolve and collaboration
grows, additive manufacturing will
increasingly become a strategic enabler

of shipbuilding performance, agility,
and readiness.

Getting to Know AM

The defense and commercial space
industries initially embraced AM tech-
nology to reduce weight and improve
efficiency in designing complex parts. As
a late adopter, the U.S. Navy is now also
leveraging AM processes to address criti-
cal challenges in shipbuilding, including
the replacement of legacy parts, part
consolidation, and performance optimi-
zation for mission-critical components.
Naval applications prioritize strength
and durability as ships must survive
harsh conditions, such as shock from
underwater explosions and long-term
exposure to corrosive marine environ-
ments. AM’s mandate is to improve
functionality, sourcing lead times, or
both for mission-critical parts with man-
ufacturing or supply chain challenges. It
is imperative that these parts meet or

exceed the performance of the legacy
components and survive in harsh oper-
ating conditions throughout the
multi-decade life of U.S. Navy ships.

Despite its benefits, widespread AM
adoption has been hindered by complex
qualification standards, high initial costs,
and the limitations of NDT. Today the U.S.
Navy is actively working to streamline cer-
tification processes and develop AM-spe-
cific standards which enable the supply
base to reduce lead times without sacrific-
ing part quality. Broader naval AM integra-
tion is the objective, and it’s being fostered
by government-backed initiatives like AM
Forward and America Makes to accelerate
research and standardization.

This article was written by Anthony
Basenese, Engineering Manager, Naval
Systems and Ross Brown, Senior Engi-
neer, Additive Manufacturing, Marotta
Controls (Montville, NJ). For more
information, visit www.marotta.com.
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