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1 Introduction

Renewable energy sources, particularly wind and solar, present challenges due to their
intermittency. With the global shift towards renewable energy, the need for scalable, effi-
cient, and durable energy storage solutions is critical. Flywheel Energy Storage Systems
(FESS) offer a compelling alternative to electrochemical batteries, providing high power
density, low maintenance, and long cycle life.

This project investigates the application of superconducting bearings in flywheel systems
to reduce energy losses and improve operational stability. An inherited system was eval-
uated, redesigned and rebuilt to test the potential of such a configuration. The resulting
system was modular, stable and demonstrated measurable performance improvements.

2 Superconducting Bearing Design

Friction is a major limitation in conventional FESS. This system uses a type-II bulk
superconducting bearing to achieve near-zero friction through magnetic levitation. A
Europium-based bulk superconductor paired with a neodymium N52 magnet was used to
create stable levitation.

To ensure thermal stability, the superconductor is housed in a vacuum chamber and
cooled with a cryogenic chiller. A copper adaptor ensures efficient thermal transfer. The
maximum forces that the bearing can withstand are measured to be 170N vertically and
40N laterally, sufficient to stably support the flywheel mass of 22.5N in all orientations.
These forces indicate potential for mobile applications.
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(a) Perspective view of Flywheel
Assembly (b) Section view of Flywheel Assembly

Figure 1: Images of CAD model of New Flywheel Assembly

3 Clutch and Drive System

Two clutch concepts were explored. The first relied on friction from rotating wheels,
but suffered from mechanical inefficiencies and vibration. A second concept based on a
synchronous electromagnetic drive was adopted. In this system, the flywheel acts as the
rotor, with 8 embedded magnets interacting with 6 stator coils mounted on a movable
coil frame.

Controlled by an Arduino and powered by a 24V supply, the system accelerates the
flywheel using electronically switched coils. The design allows for future bi-directional
energy transfer, making it suitable for both input and output power operation.

4 Frame and System Integration

A two-part frame was designed to house the system. The lower section supports the
vacuum chamber and coldhead, mounted to the main uprights with anti-vibration mounts.
The upper frame supports the coil drive system and allows for vertical movement of the
coil frame. Both structural integrity and modularity were prioritized to allow for future
upgrades.

During testing, no resonance was observed up to 1300 RPM. The system remained stable
and did not display excessive vibrations, confirming the effectiveness of the anti-vibration
design and bearing configuration.
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5 Final CAD Design

Figure 2: Final System Design

The final CAD model shows the complete integration of the flywheel, superconductor
bearing, clutch system and supporting frame. The model confirms that all components
can be assembled as designed with accurate positioning and no mechanical interference.
The coil frame is shown mounted on the upper section of the main frame, with the lower
frame supporting the vacuum chamber and coldhead. The flywheel sits centrally within
the vacuum chamber, aligned above the superconductor mount. The modular design
allows for future changes to be made to the drive system, bearing components or flywheel
mass. This model is used to guide the physical build and verify that the full system meets
the design requirements.

6 Testing and Results

System performance was measured by monitoring RPM decay to calculate energy loss.
With all components installed, the flywheel exhibited a 28.7% RPM loss per minute.
After removing the coil mountings (the primary aerodynamic source of loss), the decay
reduced to 5.1% per minute—highlighting windage as the primary inefficiency.
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Figure 3: Energy Storage Efficiency of the Flywheel without magnet mounts

7 Conclusions and Future Work

The project successfully demonstrated the feasibility and advantages of using supercon-
ducting bearings in flywheel energy storage systems. Key outcomes include:

• A stable, efficient levitation system using Europium superconductors and a neodymium
magnet.

• A functioning electromagnetic clutch with potential for two-way energy transfer.

• A modular frame that supports continued development.

• Identified aerodynamic drag as the primary efficiency bottleneck.

Future development should focus on enclosing the flywheel in a vacuum, optimizing mag-
net mounts, enhancing drive electronics, and evaluating performance at higher speeds.
These improvements could make such FESS systems viable for real-world deployment in
grid, transport, or portable applications.
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