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Summary

Protection of electric devices intended for energy purposes from short circuit
(SC) currents even today remains the topical problem. Over the last years three
conceptions of current limiters (CL) are elaborated: commutative, semiconductive
and superconductive. Commutative current limiters are successfully used in
medium voltage systems (up to 35 V voltage) at nominal current up to 5000A.

Semiconductive current limiters are still in elaboration process, and some
laboratory models are emerged.

Superconductive current limiters (SCCL) are a perfect tool for limitation of
short circuit currents. Over several decades there are conducted intensive works
on elaboration and implementation of superconductive devices in electric systems,
such as generators, transformers, cables as well as current limiters.

The mentioned problem is especially topical for superconductive electric
devices, since their internal resistance is relatively low compared with traditional
devices, as a result of which SC currents may reach impossibly large magnitudes.
Basic requirement for SCCL is that the magnitude of SC stroke current and its
steady-state value doesn’t have to exceed maximum allowable values. Besides,
SCCM doesn’t have to negatively impact on parameters of electric energy systems
when working in normal operation mode.

Before now the elaboration of superconductive electric devices, including
current limiters was based on low-temperature superconductors (LTSC), at the
cryogenic temperature 4,2°C, that were featured by expensiveness and large sizes.

Discovery of high-temperature superconductors (HTSC) in 1986 has
essentially changed the state of the art and their cooling became possible at liquid-
nitrogen temperature 77K that essentially makes design of HTSC current limiters
cheaper and reduces their sizes.

In the first chapter of the work there are represented operating
characteristics of superconductive current limiters intended for energy purposes.
Classification of superconductive current limiters is given. There are considered:
resistor-type superconductive current limiters, which are based on non-linear
voltage-current characteristic and electric resistance of which is changed
according to current magnitude. Non-linear voltage-current characteristic of
superconductor is also used in induction-type current limiters. It may be
represented in transformer’s image in the form of superconductive non-linear
resistor in transformer’s secondary load.

Current limiter permeated with magnetic conductor includes
superconductive magnetizing coil, current coil and magnetic conductor.

There is conducted the analysis of SCCL use in high-voltage electric circuits.
They have substantial system defect and are depended on current limiter’s
installation place.

High-temperature superconductive current limiter intended for energy
purposes is considered. Turbogenerator protection is considered as an example.
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Limitation of short circuit currents in superconductive electric devices using
superconductive current limiter is studied and its calculation is conducted
according to intervals.

Transformer-type current limiters and prospects of their creation using
superconductive winding are represented.

In the second chapter of the work there are considered the impact of
induction-type high-temperature superconductive current limiter on electric
energy system stability. There is shown that SCCL substantially increases system
stability.

Fault location (short circuit location) makes no matter from the viewpoint of
possibility of dynamic stability preservation for such systems, where the each
switch in the line is equipped with current limiting inductive resistance.

It is shown that in order to reduce total electrodynamic and thermal action
of short circuit currents on wires and electric accessories is necessary to limit both
short circuit current (including stroke current) and its duration in the circuit.

The mentioned problem is solved in the work through speeding
(enhancement of fast responce) of high-voltage switches, via limitation of short
circuit currents and instantaneous trip of damaged circuit.

In the same chapter there is considered manufacturing technology of heavy-
current high-temperature superconductive wires and current conductivity of
superconductive wires intended for superconductive current limiters, and current
losses in variable magnetic field.

In the third chapter of the work there are considered controlled reactor-type
high-temperature superconductive current limiters with rotating magnetic field.
Basic properties and design solution for controlled reactor is studied. The
peculiarity of this device is that its inductive resistance can be smoothly controlled
by direct current through magnetizing.
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