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Summary

Production and consumption of different kinds of energy expand at a high
rate, that is determined by human activity in all fields. At the same time, the
energy conversion processes are getting complicated, variety of energy power
plants and power generating units that have to provide rational modes for electric
supply of different consumers is getting wider. The superconducting induction
energy storage, which is a significant intermediate link in the energy generation,
transmission and consumption systems is of key importance in the mentioned
problem solving. The topicality of energy storage problem increases so fast that its
importance is not adequately reflected in the modern scientific and technical
literature.

In the first chapter of the work a literature review of active power
adjustment in the energy system is presented. It is shown that the task of active
power adjustment is to implement the economically profitable and
organizationally proper distribution of electric system load between power
generating units of stations in the electric system. From here it is seen that
automatic frequency control tasks are closely linked to each other.

Active power and automatic frequency controllers are attached to speed
control unit of primary engines. All these controllers directly act on one and the
same supplying mechanism of the driving factor. Despite the above mentioned,
there is a definite difference between them, as well; in particular, speed control
units directly react on the change in turbine rotation number, while frequency
controllers response on the change in alternating current frequency regardless of
generator’s active power value. Active power controllers act during generator
power change regardless of generator frequency value, therefore, irrespective of
rotation number value of power generating units.

There are many types of active power storage devices in the energy system.
Among them we can consider: hydroelectric pumped storage power plants, air
storage systems, hydrogen devices, accumulator battery, supercondensers,
pendulum devices and superconducting inductive storages.

Electric energy storages make it possible to mitigate requirements for electric
power plant control that operate in basic mode, improve the efficiency of electric
power transmission lines, load of which is within 50-60% limits of nominal one
and increases its transmission capacity.

An essential advantage of inductive storages is that the energy is stored in
such a form, in which form it is used — i.e. electromagnetic. There is no necessity
to transform the energy from one form to another, also there is no large time
consumption directly for this process unlike the other types of storages. Based on
this fact, superconducting inductive storage has a unique feature of rapid transition
from electric energy storage mode to its output mode.

In the second part of the work the inductive storages (IS) are considered
according to their embodiment (design). Two main classes are singled out: linear
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storages, in which a coil (loops) are located along the rectilinear axis, and toroidal
(6-type) storages, in which a coil (loops) contains the central ring-shaped line.

Linear IS is structurally simple and processable, provides proper use of active
material but generates significant magnetic field in the external space.

Toroidal (0-type) IS are as good as linear IS according their weight and size
parameters, they have complicated design, but on the other hand make it possible
to almost completely eliminate the external magnetic field that frequently plays
essential role during designing of superconducting electric devices.

The linear IS’ parameters and indicators with cylindrical, ring-shaped,
solenoidal and spherical coils are considered, at the same time the analogous
analysis for toroidal IS of different geometry is conducted.

In the third chapter of the work a current conductivity of wires of
superconducting inductive energy storage and losses in the alternating magnetic
field are given. It is shown that development and creation of superconducting
inductive energy storage for energy purposes requires the use of superconducting
wires (SW) with high current conductivity and low losses. The mentioned goal can
be achieved by means of magnetic field localized by multicore superconducting
wires (MSSCWL), in which the mutual effect of magnetic fields of separate cores is
reduced to the minimum. For such execution of winding the current conductivity
of each superconducting core is determined by its own magnetic field and own
parameters.

The modern trends of amorphous alloys use in the magnetic circuit of the
superconducting inductive energy storage system are studied.

The calculation mathematical model of superconducting inductive electric
energy storage functioning in the active power rapid control mode is developed,
which was implemented for plotting and assessment of its energy characteristics.
The obtained characteristics secure stable operation of generators in case of
emergency taking place in the electric system.

There are considered special security issues: general rules of handling with
liquid cryogens; feature of address to liquid nitrogen and helium, control over
explosion hazardous admixture composition; organization bases of security
assurance.
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