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Abstract

A superconductor flywheel energy storage system (SFES) is an electro-mechanical battery which transforms electrical
energy into mechanical energy for storage, and vice versa. A 35 kWh class SFES module was designed and constructed as
part of a 100kWh/IMW class SFES composed of three 35 kWh class SFES modules. The 35 kWh class SFES is composed of
a main frame, superconductor bearings, a composite flywheel, a motor/generator, electro-magnetic bearings, and a permanent
magnet bearing. The high energy density composite flywheel is levitated by the permanent magnet bearing and
superconductor bearings, while being spun by the motor/generator, and the electro-magnetic bearings are activated while
passing through the critical speeds. Each of the main components was designed to provide maximum performance within a
space-limited compact frame. The 35 kWh class SFES is designed to store 35 kWh, with a 350 kW charge/discharge capacity,

in the 8,000 ~ 12,000 rpm operational speed range.
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Fig. 1. 35 Major components of 35 kWh class SFES.
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Fig. 2. Superconductor bearing stator bottom and top view.
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Fig. 3. Rotor specifications and stress distribution.
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Table 1. Motor/generator specifications.

Specs Value Specs Value
Output 350 kW |Input V 700 Vdc
Rated speed | 12,000 rpm ([No. of poles 4

Stator core

Rotor core

Shaft

Fig. 5. Structure of motor/generator
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Fig. 6. Cross-section of motor/generator housing.

Fig. 7. Assembled motor/generator.
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Fig. 8. 8-pole electro-magnetic bearing dimensions.
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Fig. 9. Radial electro-magnetic bearing stator.

Table 2. Electro-magnetic bearing design specifications.

Parameters Value
Pole face area 8,840 mm?>
Axial length 130 mm
Maximum input current 20 A
Nominal air gap 1.0 mm
Coil turns 80 turns
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Fig. 12. Assembled 35 kWh class SFES.
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