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Engineers design safer and more comfortable
football equipment

December 13 2023, by Mary Dillon

Two groups of mechanical engineering students at the University of Missouri are
working with the Tigers to incorporate heat transfer technologies into football
equipment—keeping feet cool in summer and heads warm in winter. Credit:
University of Missouri

The University of Missouri football team has been on a hot streak this
season, ranking nationally and dominating games against SEC rivals.
Now, Mizzou engineering students are designing new equipment to make
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sure players stay comfortable on the field.

Two groups of mechanical engineering students are working with the
Tigers to incorporate heat transfer technologies into football
equipment—keeping feet cool in summer and heads warm in winter. It's
part of senior capstones, projects that are designed to give students real-
world experience while solving real-world problems.

"I used to be a collegiate athlete, and I love the competitive environment
of sports," said senior mechanical engineering student and cleats project
member Andrew Reinhard. "I want to help in any way I can for our
student-athletes to be able to compete and train to be the best they can."

Staying hot while keeping cool

When Matt Maschmann, an associate professor of mechanical
engineering, saw that Brock Olivo, former Tigers rushing and touchdown
leader turned special teams analyst, had returned to Columbia, he
reached out to his high school friend to welcome him home. Olivo
offered to give Maschmann a tour of the new south end zone facility at
Faurot Field.

It was a hot day, and during the tour Olivo told Maschmann, an expert in
materials and heat transfer, that athletes often complained of having hot
feet from being on the turf for extended periods. Maschmann, seeing an
opportunity, thought the problem would be an intriguing senior capstone
project. Olivo agreed.

"When Dr. Maschmann proposed the idea to me, I immediately agreed
to collaborate," Olivo said. "I believe in Dr. Maschmann's work, and I
hope this project discovers a solution to the burning sensation players
can feel in their feet sometimes, which is caused by AstroTurf being
exposed to elevated temperatures in the summer months."
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A few months later, students in the mechanical engineering capstone
course took up the task.

Based on the Mizzou Engineering team's initial analysis, their prototype
materials should outperform standard cleats in reducing heat when tested on the
field. Credit: University of Missouri
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University of Missouri engineering student Michaela Ross (second from right)
entered the helmet project inspired by her father's performance in the NFL and
creativity in designing equipment in his spare time. "This capstone experience
has expanded my understanding oof how much time and effort goes into
bringing a new idea to life," she said. "Creating a design that fully operates
comes with many iterations of trial and error. And gaining more appreciation for
roles that are behind the flashing lights and cheering fans at Faurot Field and
every other stadium in the nation has been my favorite part of this project."
Credit: University of Missouri

To solve the problem of overheating feet, the cleats team is designing a
new insulating sole that entails high thermal resistance and low thermal
conductivity—meaning it will be more difficult to heat up and stay
warm. They are also working on an active cooling loop that extracts heat
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from the balls of the feet and disperses it at the tongue of the shoe,
where temperatures are cooler. Combined, these properties will keep
players' feet cooler and players more comfortable.

Improving player safety

While the cleats group is working to keep the equipment cool when the
AstroTurf is hot, the helmets group is looking for ways to keep the
padding material warm and more flexible in colder months.

"The comfortability of the helmet directly impacts how safely technique
and play calls are executed," said Michaela Ross, a mechanical
engineering student who advocated for the creation of a second project
with Mizzou Athletics.

"Different brands of helmets have different internal structures, external
shapes, and differences of padding configuration. And players in
different positions have different preferences. We decided to focus our
project on maintaining safety requirements while adding a system that
offers more versatility of comfort."

To retain heat, the helmets team is using a phase-change material to
distribute thermal energy to the helmet padding when the helmet isn't
being worn. Essentially, it's taking heat from where the equipment
touches the player's head while they're wearing it and transferring into
the padding when the helmet is not worn and is exposed to cold
temperatures.
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Conrad Tauer (third from right) played baseball in college before transferring to
Mizzou. He jumped on the opportunity to get involved in improving cleat heat
management. "Being able to combine my love of sports and engineering was
such a cool opportunity," he said. "I'm learning key research skills, testing
abilities with equipment, and how to cooperate with a team and advisor." Credit:
University of Missouri

Bringing the love of the game into the lab
Regardless of whether the projects end up being implemented, the
students involved say the experience was fun, challenging and a

memorable way to wrap up their time at Mizzou.

"Communicating with a diverse team, who is looking at the problem
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from different perspectives, allowed us to incorporate a variety of ideas
into our project," Reinhard said. "Much of an engineering degree is
individual, but this has given us the opportunity to work as a group in
order to tackle a complex problem. Each person brings their own
strengths to the equation, and it has been great to learn from and work
with my teammates."

For Maschmann, advising capstone groups is the final step in preparing
students for a post-undergraduate career.

"I hope the students gain a hands-on experience and a perspective on
mechanical engineering by completing a project that really motivates
them," he said. "Engineering is all about solving real-world problems like
these, so having this work on their resumes will give the seniors an edge
as they enter the job market and begin their careers."

Provided by University of Missouri
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