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Racing

USC engineering students
capitalize on one of 3D printing's
foremost benefits.




“Lost time is never found again.” Those words are attributed to Benjamin Franklin, one of America’s founders,
known for his inventiveness and innovative ideas. In a modern context, they highlight a simple truth: time is a
non-renewable resource that shouldn’t be squandered. But while we still have the same number of hours in a day
as Franklin, current technology helps us be more time-efficient, allowing us to do complex things more quickly and
move to the next productive endeavor.

That truth is no stranger to the students that make up the University of Southern California’'s Formula SAE race
teams. As part of an annual international collegiate competition, their task is to design, build, and field a race car
within a short time window and with limited resources. USC Racing focuses on internal combustion engine cars,
while SC Formula Electric specializes in electric vehicles. For these student teams, additive manufacturing (AM)
technology is a tool they lean on heavily to give their cars the best chance at the winner’s circle and maximize their
time to make that happen.

Demonstrating their belief in the benefits of AM technology, USC Racing’s 2024 car embodies about 40 3D printed
parts. According to Lucas Dudley, the team'’s chief engineer, that’s up from five on the 2023 car, a 700% increase.
Some of the 3D printed components include the steering wheel, made from FDM® Nylon 12CF carbon-fiber material,
circuit board enclosures, and aerodynamic elements, to name just a few.
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The steering wheel 3D printed using FDM Nylon 12CF carbon fiber material.



Dudley is quick to emphasize the time benefits AM
provides, noting the aerodynamic components as a
specific example. “As we generate more and more
complicated designs, there are some elements that
become prohibitively challenging to manufacture out of
composites, and they’re at the scale where 3D printing
is a more competitive application,” says Dudley. “The
manufacturing time goes down to near zero, and for
us, that is a big thing because we're running on limited
time,” he adds. To be more specific, the students
report that their time is the most precious and limited
resource, since the majority is spent manufacturing
when they're not in the classroom.

When asked how AM influences the team’s design
philosophy, Dudley cites two factors: rapid prototyping
and design-for-manufacturing. AM is a clear winner for
minimizing the time to optimize the car's component
designs. It allows the engineers to test a design on a
physical prototype and quickly change it if necessary.
Dudley points to the car’s front wing whiskers as an
example where AM provided a fast resolution: “We
designed an initial version, mounted it, and noticed the
design error. Within 24 hours, we had a second revision,
and that was what went on the car,” says Dudley. “If you
design it incorrectly the first time — which is a reality of
being an engineer, and a student engineer in particular -
the rapid prototyping element is very helpful,” he adds.

Dudley’s point about design-for-manufacturing
highlights a fundamental benefit of AM: the capacity
to produce virtually any geometry. This capability
liberates the team from the constraints of designing
for conventional manufacturing. “Our creative freedom
in the design process is so much larger than it was in
the past. It really allows us to answer the question of
design intent and what it is we want to do, not what
we are bound by with the traditional constraints of
manufacturing,’ Dudley says.

One of the car’s 3D printed aerodynamic whiskers.

3D printed intake components.



3D printed tooling is another application the USC race
teams leverage to produce cars under tight production
schedules. PJ Morgan, chief engineer of SC Formula
Electric, the electric race car competition, praises AM

for its ability to avoid the time and cost constraints of
machined tooling. “We definitely take advantage of a lot
of the tooling we can make. With metal tools alone, you're
limited in what you can do.”

“There’s a lot more creative freedom (with AM),” Morgan
says. He credits the precision of 3D printed jigs for
accurately integrating the car’s suspension and wheels
into the frame. AM's design freedom turns what would

be a very challenging tooling setup into a much more
straightforward exercise while ensuring the necessary
accuracy. “The 3D printed suspension mount jigs save
time and money as well as improve the build quality,”

says Morgan, adding that 3D printing the jigs is far faster
and more accommodating of complex designs than
traditional manufacturing. In a similar tooling application,
Morgan's team used a 3D printed jig to assemble the car’s
steering components. Morgan adds, “For our steering
rack, we used a 3D printed jig to hold all the tubes in place
for welding. There's just no way to hold that with any
machined piece for any reasonable amount of money.”
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The accumulator module, with sections printed using
ULTEM™ 1010 resin.

3D printing lets the team create accurate welding and assembly
fixtures.

Morgan also highlights FDM technology’s material
capabilities as a valuable benefit. The car’s electrical
power source, called an accumulator, holds multiple
battery modules separated by enclosures called
segments. Each segment has to be heat-resistant and
non-conductive. To meet that challenge, Morgan’s team
printed the segments using ULTEM™ 1010 resin, a high-
performance polymer that resists conductivity and is
very heat resistant.

“Each of our battery segments is surrounded by an
ULTEM™ 1010 resin box, and that’s been essential for our
accumulator design,” says Morgan. But before finalizing
the design, the students used AM's rapid prototyping
capabilities using lower-cost ABS material to ensure

the fit and form were correct before printing with the
ULTEM™ material. Morgan adds, “If we didn’t have access
to ULTEM™ 1010 resin to make our accumulator, it would
have been really rough trying to find materials that are
heat-resistant and not conductive enough to accomplish
that design.”



The common thread among these AM solutions is the
time-saving element. Reflecting on the value of AM,
Lucas Dudley echoes that belief. “It's an incredibly
time-efficient process. It's a complete lights-out
operation. An engineer that would have been machining
a part can now be doing their job as an engineer,
designing more parts,” Dudley says.

Whether it's tomorrow’s engineers tackling a university
project or today’s engineers solving problems on the
factory floor, one fact is clear: additive technology
offers them a more time-efficient alternative to
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traditional manufacturing. This has been proven
countless times. But what about cost — how does

AM impact the bottom line? To cite another Benjamin
Franklin quote: “Time is money.” Put simply, in business,
when you save time, you save money, too. USC’s
time-constrained student race teams are learning

that firsthand, thanks to their exposure to additive
manufacturing. It's knowledge that will serve them

well in their post-university careers.
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