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Summary

High efficiency of synchronous operation of machines in energy system is
closely related to reliable work of excitation system.

Nowadays, lots of synchronous heat and hydro generators are equipped with
self-excitation digital systems. In the self-excitation systems of powerful
synchronous generators are used high-current thyristor converters, in which the
rated currents are provided with parallel connection of several valve branches,
which are usually executed by bridge circuit. According to requirements imposed
to excitation system of synchronous generators, self-excitation system has to
provide all modes of their operation, including power boost (voltage forcing) at
leads of synchronous generator, where short circuit takes place in energy system.

Electromagnetic processes hold a special place among many complex
phenomena taking place in excitation system.

Mentioned processes are considered in the thesis for static thyristor self-
excitation system and include steady and transitional states. Use of microprocessor
management in modern self-excitation systems creates conditions for development
of effective and more functional algorithm for control of high-current thyristor
converter, which foresees real electromagnetic and heat modes in converters’
operation in order to provide generator forcing while failure of parallel valves in
branches.

In the first chapter we see mathematical model of electromagnetic processes
in high-current thyristor excitation system of hydrogenerator. There is the static
high-current thyristor excitation system of hydrogenerator. Peculiarities of
excitation system operation are considered. Electromagnetic processes in thyristor
excitation system first of all are considered in rectifying systems. First is
considered the excitation system with bridge circuit of one-group, and then two-
group converter. Excitation in normal mode is identified by means of vector
diagram of external rectifier characteristic and voltages. Basic ratios are obtained
both for one-group and two-group converters that makes possible carrying out of
analysis of electromagnetic processes. There are obtained equations for three-phase
short circuit mode. Short circuit is considered in generator leads and in the
beginning of transmission line that is much more complex condition during
operation of self-excitation system. That is why is expedient to explore transition
process for mentioned boundary case. There are obtained design ratios both for
periodical and non-periodical components that makes possible carrying out of
process analysis.

In the second chapter of the work we observe the analysis of three-phase
short circuit mode in static high-current thyristor excitation system of generator.
Short circuit is considered in case of existence of series step-up (boost) transformer
and without it.

It is established that when step-up (boost) transformer is available the
efficiency of excitation system in case of three-phase short circuit in the beginning
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of transmission line is attained in alternate operation mode of three valves, i.e. at
elliptic segment of external characteristic. There is considered the operation of
hydrogenerator with self-excitation during non-symmetric short circuit, when we
have series step-up transformer in the system. It is shown that series step-up
transformer improves voltage symmetry of valve converter. Basic ratios are
obtained for calculation of non-symmetric short circuit modes. Processes of forcing
and de-excitation are studied. It is shown that excitation forcing is compulsorily
for enhancement of transient (dynamic) stability of generator not only during
short circuit, but also after its switching-out, when 0 angle gets bigger.

The third chapter provides electromagnetic processes in the static high-
current thyristor excitation system of generator, as well as their peculiarity,
various excitation systems are considered, such as: excitation via balanced
controllable circuit; three-phase rectifier with zero valves; non-symmetric control
circuit; self-excitation thyristor system with zero valves and with six-phase circuit
and three-phase balancing reactor; three-phase bridge circuit with two zero valves.
Basic ratios for given circuit are obtained for calculation of electromagnetic
processes and their analysis is carried out. In the same chapter is studied the effect
of alternating circuit component on ac current voltage (volts alternating current).
It is established that in six-phase circuit with three-phase balancing reactor,
without it the effect of alternating current component on average value of rectified
voltage is more than in three-phase bridge circuit and it reaches 12+15%.

In the fourth chapter of the work are given transition electromagnetic
processes controlled in hydrogenerator. Issues of hydrogenerator control
(regulation) are singled out. Equations for controlled hydrogenerator are obtained.
Effect of control system on dynamic properties of hydrogenerator is established.
Generalized structural chart of hydrogenerator excitation control system is
composed. Operation of hydrogenerator in case of non-symmetric load is
considered. Excess voltages in thyristor excitation system circuits of
hydrogenerator are studied. There is given a circuit of protection from the excess
voltage caused by commutation processes in converters.

In the fifth chapter of the work there are given characteristics of control and
regulation of 306 MgWt generator of Enguri HPP; devices for hydrogenerator and
thyristor excitation system and their parameters; use of microprocessors in control
and regulation devices of Enguri HPP hydrogenerator. Experimental oscillograms
of electromagnetic processes in thyristor excitation devices of hydrogenerator are
given.
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