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Abstract

This dissertation describes an integrated high speed flywheel system, which is especi-
ally designed for long-term stationary energy storage. The developments in the past
show that a particularly critical component in this respect is the bearing. An alternati-
ve against conventional and active, i.e. electronically controlled magnetic bearings, are
completely passive magnetic bearings employing High Temperature Superconductor
(HTS). The discovery of the HTS by Bednorz and Miiller in 1986 brought about great
excitement in this field of superconductivity. The use of melt-textured HTS and per-
manent magnet configurations leads to absolutely passive devices, which can provide
stable levitation of a flywheel rotor in horizontal and vertical direction and additional
safety margins in comparison to active controlled magnetic bearings. The special cha-
racteristics, contactfree operation with nearly no friction and the possibility to use this

type of bearing at ultra-high vacuum, favour it for applications in flywheel systems.

The main objective of the presented development is to reduce the losses in the standby
mode improving the overall performance particularly for long-term storage. Based on
the experiences with the development and test of a homopolar synchronous machine,
which transform the electrical energy to mechanical energy and back, the characteri-
zation and the development of different superconducting magnetic bearings and the

complete flywheel system are described in this thesis.

Superconducting magnetic bearings have a reduced stiffness in comparison to conven-
tional bearings, so that a deeper optimization of the static and dynamic characteristics
are carried out. Result is a patented superconducting magnetic bearing modul, which
is able to stabilize the complete rotor of the flywheel (m=10.3 kg) in horizontal and
vertical direction without any passive or active support. The tests demonstrate, that
the use of superconducting materials with average quality leads to sufficient stability,

but today the rotational losses, which are mainly hysterical, are not neglectible.

From the actual point of view, the application of flywheel systems with superconducting
magnetic bearings for long term storage (t>>1day) is not convenient, but the use of this
gystems with high power deliver advantages (lower volume and costs) compared to

batteries.

The characterization of different permanent magnet configurations demonstrates the
importance of using multipole configurations with or without ferromagnetic materials
for flux concentration. The main goal for increasing the stiffness in vertical and hori-
zontal direction is to reduce the gap between the superconductor and the permanent

magnet configuration. On the other hand a reduction of the gap leads to higher rota-



tional and thermal losses, so that an optimized distance is important for increasing the

efficiency of the superconducting magnetic bearing moduls.

A lot of tests with different cryocoolers demonstrate the principal operation of these
devices, but also, nowadays the maintenance intervals and lifetime of the whole system

are essentially defined by the cryocooler.
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