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Abstract—The possibilities of using neural network technologies for synthesizing new and improving existent
gas-turbine plant (GTP) control systems are considered. Modern gas-turbine plant control systems are often
developed on the basis of aviation automatic control systems, without taking into account the peculiarities of
load changes in electricity generation. As a result, frequency-related quality indicators of electricity, such as
maximum deviation and recovery time, do not always meet requirements that have been set out. This study is
aimed at improving the quality of generated electricity. A list of different disturbances that can arise in an
electric power system is provided, as well as the results of using the neural network model of a GTP to opti-

mize the parameters of the gas-turbine unit adjuster.
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The development of power engineering makes it
necessary to adopt modern techniques of automati-
cally controlling generative modules, which are often
based on converted aircraft engines and operated in
various isolated or open power supply systems. The
drawback in this case is the use of conventional control
techniques and devices, which are usually designed by
slightly upgrading or, more precisely, readjusting avia-
tion prototypes. The operational inefficiency of con-
trol devices in low- and medium-capacity power
plants degrades the quality of generated electricity, as
well as the reliability, effectivity, and ecofriendliness of
switching from natural oil-associated gas to electricity
and calorific power.

For this reason, comprehensive studies in the field
of using artificial intelligence, in particular, neural
networks and neural network models for integrally
managing such areas as energy production, distribu-
tion, conservation, reliability, and safety, are import-
ant. This article considers the application of neural
network models of gas-turbine plants (GTPs) in con-
trol system testing and adjustment.

OPERATIONAL PECULIARITIES
OF GAS-TURBINE PLANTS

To modify existing and create new advanced auto-
matic control systems (ACSs) for gas-turbine units
(GTUs) that are parts of GTPs, it is necessary to take
into account the influence of the electric power system
(EPS). Gas-turbine plants are often used to cover peak

loads and supply electricity to remote users. Various
operating situations at GTPs are characterized by dif-
ferent nonlinear load changes. A list of standard GTP
disturbances [2] can be formed on the basis of statu-
tory documents with guidelines taken into account [1].

Individual power plants used as parts of a low-
capacity generative network often run afoul of each
other, which largely nullifies the strengths of the net-
work of small energy modules as a highly reliable
power supply system. For this reason, each generative
module must continuously see and preliminarily eval-
uate the current operational situation and predict the
behavior of the system, i.e., manifest properties typical
of artificial intelligence.

This development of EPSs is aimed at intellectual-
izing control over gas-turbine plants that are operate
in a network and exchange signals with each other
(control signals through the control system communi-
cation lines and disturbing signals through the power
grid). Intellectualizing of the control processes is
aimed at improving the quality of electricity in the
nodes of a power supply system and for the user so as
to ensure a more reliable transmission and distribution
of electricity, appropriately use natural resources by
promptly managing backup capacity, and endow the
power supply system with characteristics typical of
highly reliable systems.

For this reason, it is necessary to use an artificial
neural network for designing an environment model of
acceptable precision and then use this model for

737



738
rpm
6940
6880 |-
6820 |
6760 |
6700 |
6640 |-
6580 |
6520 |
6460 |-
6400 |-
6340
6280

KAVALEROV et al.

Fig. 1. Change in the free turbine rotation speed in (/) trial and (2) standard ACS settings with a neural network model.

adjusting the parameters of GTP regulators and orga-
nizing their interaction.

To design an ACS and consider load changes, it is
necessary to use a set of various models that allow ana-
lyzing characteristic operational modes interrelated in
a network of low- and medium-capacity GTPs, as well
as take into account the influence of various distur-
bances in the power grid and operating situations on
the quality of generated electricity, power supply reli-
ability, and appropriate distribution of available
resources.

AREA OF APPLICATION OF NEURAL
NETWORK MODELS OF GAS-TURBINE
PLANTS

At present, ACSs for GTPs are built on the basis of
aviation prototypes with minor upgrades and adjust-
ments for considering basic nonlinearities in control
circuits; in this case, the available range of techniques
from the modern theory of automatic control is inad-
equate. This situation is aggravated by the need for
analyzing the dynamics across an entire integrated
structurally complex EPS that includes separate
energy modules and other interdependent compo-
nents, which is a task that is hard to organize and hard
to manage for analysis. It has been proposed to resolve
the indicated controversy stems on the basis of the
development of new control techniques and algo-
rithms, with control over GTUs at GTPs being pro-
vided taking into account the behavior of the entire
structure of the EPS on the basis of neural modeling.
This approach will allow studying and taking into
account, first, the whole diversity of operating situa-
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tions in the EPS and, second, the whole range of
advanced techniques from the automatic control the-
ory as applied to individual energy modules in operat-
ing situations emerging in the EPS.

In view of the foregoing, neural networks will allow

» developing a set of neural network models that
reflect the behavior of interconnected gas-turbine
plants in various operating situations in the electricity
distribution and consumption system;

 using neural network models to develop a proce-
dure for adjusting GTP GTU control system regula-
tors, which will allow making the adjustment of such
systems and their commissioning a much more rapid
and simpler process; and

* developing a procedure of controlling GTP
GTUs by means of neural network models operated in
real time.

In addition to intellectualizing the control pro-
cesses proper, neural network models allow accelerat-
ing and simplifying the adoption of upgrades and
innovations for controlling GTP GTUs, because this
makes it unnecessary to have direct access to an actual
facility or unit.

USING NEURAL NETWORK MODELS
TO ADJUST GTU ACS

The considered approach allowed developing neu-
ral network models of GTPs for various operating sit-
uations [3—7]. The case that we will consider as an
example is the transition obtained with the help of a
neural network GTP model for a stepwise change in
symmetrical electric load on the part of the EPS. For
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Fig. 2. Changes in the synchronous generator voltage in (/) trial and (2) standard ACS settings with a neural network model.
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Fig. 3. Change in the free turbine rotation speed in (/) trial and (2) standard ACS settings with a neural network model.

the results of comparing the operation of the neural
network (NN) model and the facility at standard ACS
settings, see Figs. 1 and 2.

Search techniques [8] based on the NN GTP
model have helped to derive new parameters for the
standard governor of the free GTU turbine. For tran-
sitional processes with these settings, see Figs. 3 and 4.
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The setting of parameters for the GTU ACS in the
NN GTP model has made it possible to obtain a sig-
nificantly shorter transitional process for the free tur-
bine rotation frequency and, therefore, a much shorter
period in which the electricity generated at the GTP
deviates in frequency from the GOST (State Standard)
requirements.
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Fig. 4. Changes in the synchronous generator voltage in (/) trial and (2) standard ACS settings with a neural network model.

The results show that neural networks allow mod-
eling, analyzing, and designing a GTU ACS to create
a highly reliable power supply system, the components
of which can be embedded in the standard GTP ACS

subsystems. 6
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