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FIELD-READY MANUFACTURING FOR NEXT-GENERATION DRONE OPERATIONS: 
To meet the evolving challenges of drone warfare, DoD must improve its capabilities for making 
drones quickly and effectively — even in tough conditions.
By: Matt McLaughlin
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 The Continuing Evolution of 
Drone Warfare

The use of unmanned aerial systems 
(UAS) has evolved massively in recent 
years, as combatants around the globe 
have found a wide variety of use cases 
for them. Drone warfare has changed 
the complexion of conflicts such as 
the Ukraine war and the Nagorno-
Karabakh conflict between Armenia 
and Azerbaijan. 

When the widespread use of drones 
increased dramatically in the 1990s, 
these systems used mostly large 
vehicles for intelligence, surveillance 
and reconnaissance (ISR). However, as 
drones have become smaller and more 
agile in recent years, the number of 
use cases has expanded massively.

Drones have been used for a wide 
variety of tasks in modern conflicts, 
but reconnaissance, surveillance 
and target spotting remain the most 
common. By fitting drones with 
powerful sensors, warfighters use 
them to identify enemy positions, 
movement, and supply lines, as well as 
to cue artillery and air strikes. These 
capabilities may also be employed for 
damage assessments after a strike.

Unmanned vehicles also offer 
significant offensive capabilities, 
both as loitering munitions to make 
kamikaze strikes or as platforms from 
which to launch other attacks. Further, 
the scale at which drones can be built 
quickly and inexpensively enables the 
use of swarms for offensive, defensive 

U.S. Marine Corps Staff Sgt. Quincy 
Reynolds places a 3D printed part into a 

Markforged Sinter Oven-1 on Camp Kinser, 
Okinawa, Japan, March 17, 2020. 

 
 
 

YOU'LL READ ABOUT:
  
• How autonomy, materials, 
and lightweight composites are 
reshaping UAV performance
  
• Why advances in carbon fiber, 
CFR, and thermoplastics matter for 
endurance and payload 

• How additive manufacturing 
changes drone production at the 
tactical edge 

• Operational challenges of 
downrange production and 
emerging field-ready solutions
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and ISR purposes, including defense 
against other drones. More recently, 
military units have deployed drones 
for logistics uses, such as resupplying 
frontline troops in situations where 
traditional supply routes may be 
threatened. 

“Drones are really in a multi-role 
system where they can be used for 
things like electronic warfare or strike 
capabilities. In some cases, they 
have full autonomy and can operate 
together in force. You can have 
swarms of drones to overwhelm an 
adversary,” said Josh Thomas, Director 
of Federal Sales for Markforged. 
“There are a lot of innovations that 
have been happening, especially since 
the 2010 era and forward.”

Among the most important advances 
have been improvements in autonomy. 
In the early years of drone operation, 
each vehicle was controlled by a 
pilot, but modern drones may operate 
autonomously and communicate with 
each other to coordinate actions in a 
swarm. Additionally, the miniaturization 
of sensors and processors has enabled 
drone manufacturers to make drones 
significantly smaller, which makes 
them more difficult to spot while also 
extending their range. 

Another critical improvement has been 
the materials used to build unmanned 
vehicles. Advanced composite 
materials have further reduced the 
weight of drones while providing a 
level of strength and durability that is 
comparable to metal. 

While the improvements in drone 
technology have been significant, the 
Department of Defense is working 
to make further enhancements. In a 
July 10, 2025, memo, U.S. Defense 
Secretary Pete Hegseth outlined a 
plan for U.S. “drone dominance.” The 
plan calls for the U.S to bolster the U.S. 
drone manufacturing base, significantly 

improve drone technology and 
integrate drone warfare into military 
training. 

DoD and its partners will pursue 
these improvements to drone 
technology along numerous lines. 
Drone developers will look to improve 
ISR capabilities and reduce the 
time needed to get from detection 
of adversaries to taking action 
against them. Further, manufacturing 
improvements will enable the U.S. to 
produce more drones more rapidly at a 
lower cost.

Durability is another key objective.  
“If you’re producing drones that 
are resilient — that can take a hit 
from a firearm or even survive an 
electromagnetic pulse, you're talking 
about a technical advantage that 
adversaries may not have,” Thomas 
said. “I see those capabilities as the 
things that will keep the U.S. in front of 
the rest of the competition.”

Materials for the Next Evolution of 
Drones

Drones have been constructed with 
a variety of materials. Manufacturers 
have used aluminum alloys for 
numerous parts as well as steel where 
needed and titanium or other metals 
for high-stress parts. Polymers and 
plastics have commonly been used for 
nonstructural components. Wood and 
foam have also been incorporated in 
drones for some use cases. 

Among the objectives in choosing 
which materials to use, drone 
manufacturers sought to keep 
weight down with plastic and other 
nonmetallic components. However, 
use cases that called for higher levels 
of strength and durability generally 
involved metal components, whose 
greater weight tended to reduce flight 
endurance and payload. 

As battery technology has improved, 
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Sgt. Nathaniel Martin, an unmanned aircraft 
system operator, 8th Brigade Engineer Battalion, 
2nd Armored Brigade Combat Team, 1st Cavalry 
Division, launches a drone from his hand during 

Pegasus Forge Aug. 6 at Fort Hood. 

https://media.defense.gov/2025/Jul/10/2003752117/-1/-1/1/UNLEASHING-U.S.-MILITARY-DRONE-DOMINANCE.PDF
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drone manufacturers have sought 
to take advantage of their increased 
power to keep drones aloft longer 
and carry more weight. Advanced 
composites such as carbon fiber 
are increasingly being used in 
higher performance systems. For 
example, the components used in 
military drones include carbon fiber 
composites, aluminum, titanium and 
high-performance polymers.

“Most of the materials that have been 
used for drones had some strengths 
here and there, but a couple of big 
glaring weaknesses,” Thomas said. 
“Performance demands have risen 
substantially, so we came up with 
better materials that can support those 
programs.”

Composites of carbon fiber and 
other fiber-reinforced polymers offer 
high strength-to-weight ratios, as 
well as high degrees of stiffness and 
corrosion resistance while enabling 
lighter airframes, longer flight times, 
greater payload and extended range. 
For drones, this leads to enhanced 
endurance, agility, and performance. 
Additionally, structural stiffness 
helps with vibration control, which is 
important for sensor accuracy and 
durability in harsh environments. For 
example, carbon-fiber reinforced 
drones can better resist fatigue and 
corrosion than metals.  

Carbon fiber technology continues to 
improve. By incorporating components 
such as nylon into composites, 
manufacturers were able to produce 
materials that were much stronger, 
more durable and more heat resistant 
than plastics but just as light. Adding 
Continuous Fiber Reinforcement, or 
CFR (see sidebar), to the process has 
enabled manufacturers to produce 
composites that are stronger than 
aluminum in most cases while still 
being very lightweight.

Using carbon fiber can reduce 

maintenance cycles for drone 
operators. The corrosion resistance 
of these materials reduces the need 
for personnel to conduct some 
maintenance chores. Further, the 
rigidity and durability of carbon fiber 
components mean they require fewer 
repairs and suffer less structural 
deformation, which benefits sensor 
calibration and component alignment.

Among the drawbacks of using carbon 
fiber for drone construction are that 
these materials can be expensive and 
their manufacturing processes can 
be complex. However, advances in 
the technology have reduced costs 
considerably, and manufacturing 
processes can be carried on out in 
some cases using 3-dimensional  (3D) 
printers. 

Some newer 3D printers, such as 
the Markforged FX20 platform, 
can produce thermoplastics plus 
Continuous Fiber Reinforcement. 
These printers have software 
capabilities that enable users to tailor 
component manufacturing to meet 
the needs of specific user cases, 
making drones stronger by adding 
more carbon fiber where needed or 
reducing some materials to trim weight 
or minimize costs.   

WHAT IS CFR?

Continuous Fiber Reinforcement  
is a proprietary Markforged  

process that enables 3D printers 
to produce parts that can 

replace aluminum parts in some 
applications. Parts manufactured 
with this process possess high 
stiffness and tensile strength  

while having a far lower relative 
density than steel or aluminum 

 
Because parts printed with  

CFR have a very high strength-to-
weight ratio, they are well-suited  

for many battlefield drone 
applications. They also offer  

high resistance to wear,  
as well as to heat and corrosion.

  
Fielding Drones in Challenging 
Environments

Manufacturing drones for military use 
comes with some challenges. While 
traditional manufacturing methods 
have been effective at producing 
drones in factory settings, they may 
not meet the needs of U.S. forces in 
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An unmanned aerial vehicle delivers a payload 
to the Ohio-class ballistic-missile submarine 

Henry M. Jackson around the Hawaiian Islands. 
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the battlespace. This is especially true 
for smaller production runs or custom 
specifications. A factory can produce 
vast numbers of drones, but they are 
generally far from the personnel who 
need them. 

Drone manufacturing requires the 
assembly of a variety of complex 
components, including propulsion, 
sensors, communications, avionics,  
and control systems, which often 
require precise fabrication and 
calibration. Further, specialized 
materials such as carbon fiber 
composites may not be available in 
contested locations.  

The emergence of 3D printing, also 
known as additive manufacturing, 
enables military units to produce drone 
components at the tactical edge. This 
includes customized components or 
prototypes, allowing service members 
to test designs, make changes quickly 
and test again to ensure that users 
have the capabilities they need for 
successful drone operations. 

Manufacturing drones at the tactical 
edge in contested or disconnected 
zones enables units to rapidly produce 
mission-specific platforms rather 
than wait for centralized production 
and delivery, which improves 
responsiveness and agility. It also 
reduces the logistics burden that 
deployed troops must bear, as fewer 
spare parts need to be sent forward, 
and damaged drones can be repaired 
or re-built locally. Rather than having 
to travel with already-made spare 
parts, which is a significant burden, 
being able to produce parts on the fly 
reduces the weight of supplies and 
speeds the replacement of needed 
parts. 

“It’s very important to be able to 
replace mission critical components 
downrange. If you have a drone system 
that's down and you need parts, it's 
going to be really hard for you to get 

an order to the manufacturer and 
have them send you a spare part and 
somehow get it in your hands while 
you're in a war zone,” Thomas said. 
“The ability to produce those parts 
in that situation is really important. 
Logistics win wars, and to have your 
own logistics that is as forward as 
possible to support the troops where 
they need it, that's a critical piece  
of this.”

However, additive manufacturing 
faces some challenges in downrange 
deployment. Printing equipment must 
be rugged to handle the conditions in 
contested environments. This includes 
the ability to operate in heat or cold, 
as well as to handle shocks and 
dirt. The 3D printers used for drone 
manufacturing at the tactical edge 
should be tested to ensure they can 
operate from the back of a deployed 
vehicle or aboard a ship. To meet 
these demands, some manufacturers 
have developed ruggedized, field-
deployable systems—such as the 
X7 Field Edition—that enable the 
production of mission-critical parts 
even in austere environments.

Power availability represents another 
challenge. Many 3D printers have 
huge power demands, but austere 
environments may not offer the 
wattage needed for operation. Printers 
that can run with less electricity, even 
that provided by solar cells, are better 
suited to drone production at the 
tactical edge.

The software needed to run 3D printers 
also must be robust. Cybersecurity 
threats have emerged as a massive 
challenge in the battlespace, so 
ensuring that additive manufacturing 
can be conducted without interference 
is critical. Deployed troops must be 
able to rely on the configuration files 
they use for drone printing to deliver 
the parts they need. 

Military units have already started 

using 3D printers for drone production 
in the field. Ultimately, the combination 
of composite materials and 3D printing 
will enable the U.S. military to move 
toward a model where drones are 
manufactured much closer to the 
point of need, enabling high tempo 
operations in contested environments.

The Future of Drones and Drone 
Materials

Unmanned vehicles have changed the 
face of modern warfare. In just a few 
years, drones went from a relatively 
minor factor in the Ukraine conflict to 
one of the most important elements. 
As this technology continues to evolve, 
the U.S. must focus its effort to take 
advantage of new capabilities and 
opportunities. 

A report from the Congressional 
Research Service (CRS) highlighted 
several key use cases DoD should 
consider as it advances its unmanned 
vehicle programs. These include:

• Aerial Refueling: CRS noted that 
drones can be used to refuel aircraft 
while airborne, especially while far 
from military bases. The Navy has 
begun testing MQ-25 Stingray drones 
for this purpose to extend the range 
and combat endurance of aircraft 
launched from carriers

• Air-to-Air Combat: The military 
services have tested the use of 
unmanned aircraft in aerial combat, 
both operating alone and in 
coordination with conventional fighters.  

• Combat Search and Rescue, and 
Casualty Evacuation: The endurance 
and relatively small size of drones 
make them suited to conduct missions 
to locate and recover downed 
personnel, especially in high-threat 
environments. Evacuating casualties 
is made simpler if the mission involves 
lower risk of additional personnel 
losses. 

https://www.congress.gov/crs_external_products/R/PDF/R47188/R47188.2.pdf?utm_source=chatgpt.com
https://www.congress.gov/crs_external_products/R/PDF/R47188/R47188.2.pdf?utm_source=chatgpt.com
https://www.youtube.com/watch?v=m7W1dHAXbGg&t=26s
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• Cargo and Resupply: Agencies 
within DoD, including the Marine 
Corps, have begun working with 
drones to replace or supplement 
ground-based supply missions. The 
wide variety in sizes of the vehicles 
tested makes them suitable for 
significantly different missions. 

As the U.S. military pursues these use 
cases, the advances in drone materials 
and manufacturing at the tactical edge 
will play important roles. The strength 
of thermoplastics and carbon fiber 
composites enables the production 
of lightweight drones that are more 
robust and durable than ever before. 
The continued improvement of these 
materials will drive down costs and 
speed up the production of more 

capable unmanned vehicles. 

Further, production of drones must 
be as fast and simple as possible. 
Additive manufacturing techniques 
can shorten the supply chain to speed 
the arrival of critical drones and parts 
to service members on the front 
lines. Making sure these techniques 
are optimized will be important 
to delivering new drone warfare 
capabilities at the tactical edge. 
Enabling multiple 3D printers to work 
in concert, perhaps between multiple 
military units or even in concert with 
allied partners, could significantly 
enhance remote drone production, 
allowing the rapid production of 
drone swarms for offensive or 

defensive capabilities. Further, these 
operations must maintain effective 
cybersecurity to protect them from 
the growing threat of cyberwarfare. 

Ultimately, the evolution of drone 
warfare within DoD will require the 
cooperation of the Pentagon and its 
industry partners. Communication and 
strategic thinking will be essential to 
the collaboration that shapes the  
future of this critical technology. 

“We want to talk to them about 
their problems and their goals, and 
develop around those specifically.,” 
Thomas said. “In the long term, the 
sky is the limit as far as 3D printing is 
concerned.” DN

About Markforged:
Markforged’s additive manufacturing platform enables government and defense agencies to mitigate 
the risk of shifting supply chains and maintain combat readiness. The Digital Forge allows operators to 
securely fabricate robust, mission-critical parts using high-performance composites and metals when 
and where they are needed.
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