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By Joe Hiemenz, Stratasys, Inc.

Aerospace is the industry that other industries look to for a 
glimpse at what’s on the horizon. Aerospace has a long history 
of being an early adopter, innovator and investigator. What this 
industry was doing decades ago has now become commonplace, 
almost pedestrian. For example, the aerospace industry was the 
earliest adopter of carbon fiber, and it was the first to integrate 
CAD/CAM into its design process. There are many other examples 
that show that trends in aerospace are predictors of future 
trends in manufacturing across all industries.

The aerospace industry has incorporated additive manufacturing (AM) throughout all processes 
and functions; from the design concept to near-end-of-life repairs. With each success, it then drives 
AM deeper into related processes, making it multi-purpose. And aerospace continues to investigate 
new applications and invest in research to make them possible. Ultimately, the outcome of that 
research trickles down to AM users in a wide spectrum of disciplines and applications.

As a design tool, AM, also known as 3D printing, has been used for two decades. Aerospace led the 
way, and all other industries have followed in its footsteps. So, this is a reminder, not a predictor, of 
aerospace’s trend-setting role and of the value of AM.

Much like CAD/CAM, AM is no longer a tool that requires financial justification. Its value is a given, 
and the attitude is “Let’s just 3D print it,” as one aerospace staffer commented. It is an “enabler,” 
said another. So how is AM being used in the aerospace industry today, which can predict similar 
use in mainstream manufacturing in the near future?

Prototype
SelectTech Geospatial, an advanced manufacturing facility for 
commercial and defense applications, has the distinction of 
producing the first 3D-printed unmanned aerial system (UAS) 
to take off and land on its gear. The airframe was made entirely 
from AM parts.

For SelectTech, AM offers the flexibility to iterate. It uses AM in 
a trial-and-error approach that avoids lengthy delays for analysis 
and simulation. Its process is simple, direct and efficient: Design, 
print, assemble, fly, learn and repeat. According to Frank Beafore, 
engineering director for SelectTech, “[There were] no failures; each 
attempt gave us information,” he said. “3D printing is an enabler.”

Test
When building a handful of highly customized vehicles and 
subjecting them to punishment, NASA decided that stock parts 
and traditional manufacturing methods weren’t the best choice. 
NASA’s 3D-printed parts for the Mars rover included items such 
as flame-retardant vents and housings, camera mounts and large 
pod doors. 

AM offered the design flexibility and quick turnaround to build 
custom-tailored housings. For example, one ear-shaped, exterior 

For SelectTech, UAS test flight damage is a 
learning experience.

NASA outfitted the Mars rovers with 70 AM 
parts.
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housing is deep and contorted, making it impossible — or at least prohibitively expensive — to 
machine. In all, NASA produced 70 AM parts for its test vehicles.

This ensured that the rover’s parts are based on the best possible design by solving challenges 
before committing to expensive tooling. “Everyone’s got a budget to deal with, and we’re no 
different,” says Chris Chapman, NASA test engineer.

MANUFACTURING PROCESSES
Between design and production lie many opportunities to leverage AM for custom manufacturing 
tools. Although AM doesn’t manufacture the finished goods in this set of applications, it produces 
jigs, fixtures, aids, gages and other tools that make production more efficient while minimizing 
expenses and delays.

Tooling
Advanced Composite Structures (ACS) repairs fixed-wing and 
rotary-wing aircraft and performs low-volume component 
manufacturing, using composite parts.

This work needs layup tools, mandrels, cores and drill guides. 
When these are CNC machined, ACS invests several months and 
many thousands of dollars. And when changes occur, costs rise 
and delays mount.

The resolution is AM for nearly all of its composite tooling needs. 
On average, layup tools cost only $400 and are ready for use in 24 
hours, which means that changes are no longer serious issues.

AM really shines for hollow composite parts, such as a capsule for a remotely piloted vehicle. 
Wrapping composites around a soluble core made with AM eliminates tooling bucks and two-piece 
clamshell tooling.

“For the repairs and short-volume production work that we specialize in, tooling often constitutes a 
major portion of the overall cost. Moving from traditional methods to producing composite tooling 
with Fused Deposition Modeling has helped us substantially improve our competitive position,” said 
Bruce Anning, ACS owner.

Connecticut Corsair is a volunteer organization dedicated to 
restoring its namesake, historic aircraft. On every project, it faces 
the challenge of replacing legacy parts. They are difficult to locate 
and just as hard to replicate since most don’t match the archived 
engineering drawings.

Another challenge is the low-volume of parts. Because each 
forming die could cost tens of thousands of dollars, this non-
profit organization struggled to find the funds to reproduce 
needed parts.

It’s counterintuitive, but plastic tools, made with AM, can be used in the high-pressure 
hydroforming process to make sheet metal parts. According to Craig McBurney, the organization’s 
founder and project manager “Once we have that file, we print out forming blocks and have the 
sheet metal parts hydroformed. It was unheard of in our industry to do that so quickly and so 
accurately,” he said.

ACS helicopter fin (center) with AM drill 
guide (front).

An original Corsair in flight.
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Piper Aircraft also uses hydroforming, but its application is 
for hundreds of aluminum structural parts on new aircraft. 
In the past, it used machined tools for sheet metal forming. 
Piper determined that polycarbonate tools could withstand 
hydroforming pressures ranging from 3,000 to 6,000 psi, making 
it suitable for forming all of its structural parts. 

“I can program an FDM part in 10 minutes while a typical CNC 
program takes four hours to write,”  said Jacob Allenbaugh, 
manufacturing engineer, Piper Aircraft. “The FDM machine can 
be much faster than a CNC machine and does not require an 
operator in attendance.” 

Another AM advantage: “Material waste with FDM is much less than CNC machining because the 
FDM support material is typically less than 20 percent of the total,” said Allenbaugh.

Piper’s next phase of plastic AM forming tools will focus on building a more efficient aircraft by 
moving to more complex and organically shaped parts. These parts will be made practical by AM.

Jigs, Fixtures & Surrogates
“There are also big benefits from the more mundane AM 
applications, such as fixture making and surrogate parts,” said 
Jeff DeGrange, vice president of direct digital manufacturing for 
Stratasys and formerly of Boeing. For each vehicle, companies 
may have hundreds of fixtures, guides, templates and gauges 
printed with AM — typically with 60 to 90 percent reductions in 
cost and lead time.

The value in surrogates – which are placeholders for the 
production assemblies — is a full-featured replacement that 
is a substitute for high-value parts. Surrogates are used on the 
production floor and in the training room. For example, both 
NASA and Sheppard Air Force Base use AM surrogates for 
technician and operator training. 

PRODUCTION
The final frontier is production — making finished goods with 
AM. “We’re now seeing early acceptance in the commercial 
aviation industry, which has some of the toughest performance 
standards,” said DeGrange.

“Examples include air grates, panel covers and other interior 
parts. Behind an aircraft’s skins there are HVAC ducts, power-
distribution panes, and lots of mounting and attachment 
hardware, all being manufactured with AM,” said DeGrange, who 
noted that these parts are both for new and in-service aircraft.

Commercial/Military
DeGrange highlighted business jets where, “Companies build 500 jets for 50 customers, each with 
different specs. AM gives them economies of scale and the flexibility to meet the needs of a wide 
product mix.”

Piper Aircraft hydroforms sheet metal parts 
on FDM-created tools.

CH-53E Super Stallion - candidate for surro-
gate parts. Photo by Lance Cpl Steve Acuff.

Surrogate landing gear for commercial jet.
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Taylor-Deal Automation is one such company. It uses AM for prototyping through production for 
its engineering and modification of specialty fluid and air handling parts. “With AM we have design 
flexibility, cost reductions, weight savings and improved lead times,” said Brian Taylor, president, “all 
with low-quantity production.”

Taylor’s material of choice is ULTEM® 9085, which meets FAA flame regulations. Having a flight-
grade material, “gives designers much more flexibility when designing parts. It allows us to reduce 
engineering time and manufacture a less expensive part.” 

The design and manufacturing flexibility results in more efficient aircraft. The AM parts contain less 
material, so their weight is approximately one-third (or less) of that of the metal parts they replace.

Kelly Manufacturing Co. (KMC) makes the R.C. Allen line of 
aircraft instrumentation and is the world’s largest manufacturer 
of general aviation instruments. Its example of production AM 
applications is a toroid housing in a turn-and-bank indicator. 

Previously, parts were made from urethane molded in soft 
(rubber) tooling. This was the process of choice for low-volume 
production because it is much cheaper and faster than a 
composite layup. But AM has replaced rubber molding since it 
further reduces cost and time.

The toroid housing, cast in a rubber mold, would have taken 
three to four weeks for a 500-piece order. Now, KMC produces 
500 toroid housings in one overnight run of its FDM system. 
Justin Kelley, KMC president, said, “From order to delivery, it takes 
only three days to have certified production parts.”

Unmanned Aerial Systems (UAS)
“UAS production is a rapidly growing segment for AM because 
of the complex systems, rapid design iterations, low-volume, 
structural complexity and no passenger safety regulations to 
hinder deployment,” said DeGrange. 

Aurora Flight Sciences, which develops and manufactures advanced unmanned systems and 
aerospace vehicles, fabricated and flew a 62-inch wingspan aircraft — the wing composed entirely of 
AM components.

This manufacturing approach reduces the design constraints engineers face when using traditional 
fabrication techniques. The design of the wing’s structure was optimized to reduce weight while 
maintaining strength. “The success of this wing has shown that 3D printing can be used to rapidly 
fabricate the structure of a small airplane,” said Dan Campbell, 
structures research engineer at Aurora. “If a wing replacement is 
necessary, we simply click print, and within a couple days we have 
a new wing ready to fly.”

Aurora also sheds light on an emerging application: ‘smart parts’, 
which are hybrid parts that include 3D-printed structures and 
printed electronics. Aurora worked with Stratasys and Optomec 
to combine FDM and Aerosol Jet electronics printing to fabricate 
wings with integrated electronics.

This instrument contains a toroid housing, 
produced via additive manufacturing.

500 toroid housings are produced overnight 
with an FDM-based Fortus machine.

Aurora smart wing: 3D-printed structure with 
printed electronics.
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“Bringing together 3D printing and printed electronic circuitry will be a game changer for design 
and manufacturing,” says DeGrange. “It has the potential to completely streamline production by 
requiring fewer materials and steps to bring a product to market.”

“The ability to fabricate functional electronics into complexly shaped structures using additive 
manufacturing can allow UAVs [unmanned aerial vehicles] to be built more quickly, with more 
customization, potentially closer to the field where they’re needed. All these benefits can lead to 
efficient, cost-effective field vehicles,” said Campbell.

Smart parts enhance performance and functionality in two ways. 3D printers enable lighter weight 
mechanical structures. Conformal electronics printed directly onto the structure frees up space for 
additional payload.

Leptron produces remotely piloted helicopters. For its RDASS 4 
project, AM allowed Leptron to make 200 design changes — each 
component had at least four modifications — without incurring a 
penalty in time or cost.

When the design was ready to take off, Leptron had flight-ready 
parts in less than 48 hours, all thanks to AM. And for this project, 
there were multiple designs for specific applications, such as eight 
variations for the nesting integrated fuselage components. If it 
had used injection molding, as it had in the past, tooling expense 
would have exceeded $250,000 and production parts would have 
arrived six months later. 

This mid-sized company embodies the aerospace trend: No machine shop; instead, an additive 
manufacturing machine that is used for prototyping through production. 

In aerospace, AM has become a tool for designing, testing, tooling 
and production that extends beyond the aircraft that this industry 
manufactures. Companies also rely on these AM applications for 
their ground support systems and repair depots. Yet, according to 
DeGrange, “We haven’t begun to flood into all the areas in which 
we can use AM. That makes it exciting.

“The technology is very versatile,” he says. “One week it’s used for 
engineering prototypes, the next to make tools for manufacturing 
processes and the next to produce finished goods. The versatility 
is tremendous.” 

That versatility extends beyond aerospace applications to encompass a diversity of industries in 
which AM has, and will be, applied. Versatility, in one word, is also the aerospace trend to watch, 
follow and implement.

Leptron’s RDASS 4 UAS.

Ground support systems use AM.
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