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Through the wires: Technology developed by FAMU-FSU College
of Engineering faculty mitigates flaws in superconducting wires
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Developed through a partnership with industry, the research will help improve
efficiency and resiliency for technology used in next-generation electric motors and
other applications.

Conductor on Round Core (CORC®) wire. CORC wires are made by winding bands of multiple superconducting tapes in a spiral shape.
Instead of soldering the tapes together, they rely on pressure between the tapes to let electricity flow from one to another. (Courtesy of
Advanced Conductor Technologies)
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When current flows through a wire, it doesn't always have a perfect path. Tiny defects within the wire mean
current must travel a more circuitous route, a problem for engineers and manufacturers seeking reliable

equipment.

Through a partnership with industry, researchers at the FAMU-FSU College of Engineering
(https://eng.famu.fsu.edu/) and Florida State University's Center for Advanced Power Systems
(https://www.caps.fsu.edu/) and the National High Magnetic Field Laboratory
(https://nationalmaglab.org/)> have supported the development of a design that uses multiple strands of
superconducting tape to create a cable, minimizing the chance of failure from defective spots within a wire. When
current encounters a defect in one wire, it jumps to a neighboring wire to continue moving.

The research, which was published in Superconductor Science and Technology
(https://iopscience.iop.org/article/10.1088/1361-6668/adedbd)>, helps to solve engineering and
manufacturing challenges for manufacturers and could lead to more efficient and less expensive wires for electric

motors and many other superconducting coil applications.

“By partnering with Advanced Conductor Technologies, not only are we supporting the development of a new,
innovative idea, but we also have a way to transition the technology quickly to applications,” said co-author
Sastry Pamidi, interim director of the Center for Advanced Power Systems and chair of the Department of
Electrical and Computer Engineering. “The research we're doing directly translates into low-cost superconducting

wire and mitigates equipment failure due to defects in the conductor.”

HOW IT WORKS
Through previous work

(https://eng.famu.fsu.edu/news/engineering-
researchers-collaborate-business-develop-next-
generation-superconducting-cables) with Colorado-
based Advanced Conductor Technologies, or

ACT, Pamidi's team supported the development of

a superconducting wire technology called Conductor on
Round Core (CORC®) wire, which served as a foundation

for ready-to-use superconducting coils that

Sastry Pamidi is the Center for Advanced Power Systems interim

rely on helium gas for cooling instead of liquid nitrogen.
The change gives engineers more design flexibility director as well as professor and chair of the Electrical and
Computer Engineering Department at the FAMU-FSU College of
Engineering. (Mark Wallheiser/FAMU-FSU College of

Engineering)

because helium remains in a gas phase over a wider

range of temperatures than other media.

CORC wires are made by winding bands
of multiple superconducting tapes in a spiral shape.
Instead of soldering the tapes together, they rely on pressure between the tapes to let electricity flow from one to

another. This keeps the wire flexible and strong under tension.

If defects are distributed randomly through a wire, they're unlikely to cluster in one location in a cable. In a
process called current sharing, current jumps from one wire to another when it encounters a defect. That allows

manufacturers to use more of the wire they make, minimizing waste and lowering costs.

CREATING THROUGH COLLABORATION
The research is the latest outcome of the partnership between researchers at FSU and private
industry. Previous work brought together CAPS faculty with ACT. This project also included New York-based

company SuperPower Inc., a manufacturer of second-generation high-temperature superconducting tape.

The FSU researchers first collaborated with ACT through a U.S. Small Business Administration program
called Small Business Innovation Research and Small Business Technology Transfer, or SBIR/STTR.
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Funding for this latest project came from the U.S. Department of Energy instead of the SBIR/STTR program, but I—Sejre&t—Mﬁﬁ{—h—#]
the connections built during earlier work helped build trust and a working relationship that has paid dividends in

published research and engineering designs that are used today.

“We are not just doing research for the sake of doing research,” Pamidi said. “It has an impact. Our work helps
companies develop products. Without us, those companies cannot do this work, because we are contributing
scientific expertise and advanced facilities for research that are directly benefiting companies and helping them to

advance their manufacturing processes.”

The collaboration brings benefits to all parties that would otherwise be unavailable. Participating companies can
take advantage of engineering expertise and top-notch facilities to help solve difficult engineering problems.
Florida State collaborators get access to funding and the opportunity to work on interesting

problems that have an immediate impact for their partners.

“The expertise and scientific infrastructure of Florida State University have been vital in the development of
superconducting CORC® cables and wires at Advanced Conductor Technologies since they were first introduced
as a commercial product by my company in 2014,” said Danko van der Laan, president and chief executive officer
of Advanced Conductor Technologies. “Our collaboration with FSU, which has been ongoing for about a decade
and a half, has allowed us to solve many technical challenges that would have prevented our cables from
becoming a successful commercial solution for applications such as fusion, particle accelerators and power

applications.”

WHY IT MATTERS

Superconducting wires have numerous applications: electrical motors and generators, electric airplanes,

ships, medical equipment, fusion power plants, artificial intelligence data centers, power transmission lines, high-
energy physics experimental facilities and more. Anywhere engineers want electricity to move, superconducting
wires can move it without losses, allowing for more efficient machines and magnet systems, including magnetic

levitation used in high-speed trains.

But making superconducting wires is challenging. The manufacturing process inevitably introduces some defects
in the wire. The traditional solution to that problem has been to solder multiple pieces together to create a

long length of defect-free wire. Combining wires into cables, like in the solution optimized by the partnership of
FSU, ACT and SuperPower, is a way to get the benefits of superconducting wires at a lower cost.

“We are very happy to see the outcome from this work,” said Yifei Zhang, vice president of research and
development at SuperPower. “Thanks to the unique structure of CORC and the way the cables in this work were
fabricated, the project successfully demonstrated that the coils made with the VIC wires, wires that were
considered defective, achieved equivalent performance as the coils that were made with almost perfect wires.
This result can change the way the wire production yield is calculated, which will lead to a significant reduction in

wire cost.”

The earliest superconductors needed extremely low temperatures, close to absolute zero, to function. Pamidi and
other CAPS researchers are developing new technologies for high-temperature superconducting wires, which can
carry current without resistance at temperatures as high as 77 kelvins, which makes possible simpler and more

affordable applications for this technology.

SUPPORT AND COLLABORATORS

Co-authors on this research were Jeremy Weiss, Danko van der Laan, Chul Kim, Reed Teyber, Kyle Radcliff, Virginia
Phifer, Daniel Davis, Yifei Zhang and Lance Cooley. The work was funded by the U.S. Department of Energy and
the National High Magnetic Field Laboratory, which is supported by the National Science Foundation.
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