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Abstract. The aim of the research is the development of technical diagnostics subsystem with the possibility of its
further integration into the automated system of equipment health management, which will improve the efficiency
of data ware, hardware and software. Synthesis of intellectual diagnostic models was produced a by using the
Matlab graphical agents. At the same time, there were synthesized models of three types: fuzzy, neural-network
and model built by planning the full factorial experimental method. Was proposed the concept of the three-stage
procedure of the diagnosis of the thermal power station’s turbine unit, instead of the creation of diagnosis
mathematical models and failure models of objects, immediately begin to develop an algorithm of diagnosis using
advanced intelligent technologies. The technique of creating a sub-line diagnostics status of the turbine unit, which
includes three main stages: identification of diagnostic features based on expert method; the synthesis of diagnostic
model of the facility technical condition; research models on the stability, sensitivity and uniqueness, was
proposed. The main diagnostic features of assessing the state of turbine equipment, which, in accordance with the
concept developed, allow forming a matrix of planning a full factorial experiment. The proposed techniques and
concepts were subjected to experimental verification. The intellectual diagnostic model of turbine unit equipment
health was proposed, synthesized and investigated. It was found that the best model is the model, built using
neuro-fuzzy algorithms. The simulation was provided for neuro-fuzzy algorithms and confirmed their effectiveness
and compliance with the laws of the physical functioning of the HPC. The results of this research have been used in
the development of Almaty CHP-2 turbine equipment health management subsystems, allow the further
development of the theoretical foundations of intellectual systems, and demonstrate the possibility of using
modern concepts to solve important technical problems. Subsystem of operative diagnosis and the following
software implementation in a complex of automated technological process of thermal power control system allows
one to make an early diagnosis of the equipment health. This significantly reduces the maintenance costs, improves
reliability and security, as well as the effectiveness of the control system. In this regard, the results of this study
provide further development of the theoretical foundations of the intellectual systems and demonstrate the
possibility of modern concepts usage to determinate the important technical problems.

Keywords: Equipment health management / a full factorial experiment / expert systems / fuzzy systems /
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1 Introduction thermal power stations in almost all countries [3]. In this
regard, the problem of diagnosis of its equipment health is
one of the priorities in the power sector.

An important element of the operation and mainte-
nance of turbines is the uninterrupted control of its
operating condition. It is necessary to take into account the
technical control requirements — in a timely manner to
determine the actual condition of the object (in good, valid,
pre-emergency and emergency ), and effectively detect and
remove the arising defects. The timely implementation of
e-mail: batyrbek.suleymenov@gmail . com correct decisions to eliminate defects provides high

For the current moment, the Energetics is characterized by
the intensification of the use of facilities and installed
equipment resources. The amount of equipment, which has
worked for over 25 years, is about 50% or more [1,2].
Therefore, there is a natural aging process of equipment in
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availability, reduces downtime, declines the repair costs,
extend the life of turbine equipment [4-6]. This can be
achieved by intellectual diagnostic of conditions and the
operating modes of the equipment.

To solve the problems of diagnostics of complex
technical systems with a large number of possible defects
is necessary to develop mathematical models, methods and
algorithms for the effective detection of defects that are
applicable not only in a specific application domain, but
having a common property for a large class of technical
systems. Diagnosis of the turbine units of thermal power
stations and the development of a common methodology to
assess their condition, refer to [7—9] the created valuation
techniques are based on models [10,11], the monitoring
pattern is discussed in Liu et al. [12], the economic
component of the risk of turbine damage is described in
detail in Carcasci et al. [13] and Sisi et al. [14]. Diagnostics
of equipment health management man-made risk is studied
in numerous works [15,16].

Having the effective instrumental the calculation
methods and diagnostic agents make it possible to operate
the units for the actual equipment health. For today, in the
following operating conditions such diagnostic types are
used: parametric, vibration, the analysis of used oil, optical
and acoustic methods for inspection of turbine units and
components [17,18].

These mentioned methods require fairly sophisticated
instruments, measurement procedures and analysis of
diagnostic signs with the need to develop complex
mathematical descriptions of diagnostic facilities. In
addition, almost all of the methods listed above aren’t
intended for the automated synthesis of operational
diagnostic systems as part of the existing automatic
systems of equipment health management and control.

At the same time, the use of information support of the
existing automated systems of technical control allows to
create the diagnostic systems, taking into account a large
number of measured variables (diagnostic indicators) to
assess the condition of the object of diagnosis. This
intensely reduces the cost to create the automated
operative diagnostics systems, since the information
capabilities of an existing system are used.

Operative diagnostics subsystems as part of the current
systems of technical control allow using in their algorithms
the efficient diagnosis methods: vibration diagnostics,
parametric diagnostics and, if it is necessary, and the
method of phase trajectories. However, the qualitative (not
quantitative) assessment of signs and causes of malfunction
do not allow the “calculate” estimate of the proximity to the
specific situation of emergency. For the calculation of such
an assessment, it is necessary to develop a mathematical
model of the diagnosis object functioning and to create a
mathematical model of damages and letdowns, as well as to
build a diagnosis algorithms [19,20].

The IT usage, in particular, neural-networks [21-23] is
one of the important research directions in the field of the
technical objects’ diagnostics. This suggests that the
complexity of the control object determines the use of
more innovative approaches in solving the problems of
monitoring and diagnosis of the condition and then making
decisions and issuing recommendations.

A number of quantitative indicators estimates the level
of diagnosing of an equipment health: accuracy; compli-
ance with the parameter obtained in the diagnosis, its
actual value; the accuracy, the minimum probability of
diagnosing errors; speed; costs [24-26].

The development of the operative diagnostics sub-
systems and the following software implementation in a
complex of automated systems of technical control of
thermal power stations can significantly reduce repair
costs, improve reliability and operational safety, as well as
improve the efficiency of the control system.

The results of this study were tested at the turbine unit
of PT-80/100-140 Almaty CHP-2, allow the further
development of the theoretical foundations of intellectual
systems, and demonstrate the possibility of using modern
concepts to solve important technical problems.

The growth of the degree of the decision-making
responsibility on the time display of equipment for repair
has tightened the requirements for the quality of the
identification of the models, which are based on
information obtained in the diagnosis of turbine condi-
tion. Their implementation in the conditions of the old
maintenance forms on the system of preventive mainte-
nance has become ineffective. There appears to be a lack
of adequate diagnostic models and models of decision-
making on the withdrawal of turbine to repair or reduce
the load. Optimization of management decisions, to
ensure operational control and diagnostics of equipment
health for structural-complex systems is an urgent
problem.

Having the effective instrumental the calculation
methods and diagnostic agents allows operating the units
for the actual equipment health. This provides a higher
level of machine reliability and significantly reduces the
costs, associated with the scheduled preventive mainte-
nance work, reducing the need for spare parts and
maintenance staff, increases the quality of the repair.

The aim of the work is to develop technical diagnostics
subsystem with the possibility of its further integration
into the operating control system. This will improve the
efficiency of dataware, hardware and software. To achieve
this aim, the problem of technical diagnostics is solving
based on the use of intellectual technologies and models of
full factorial experiment.

2 Research methods

2.1 Three-stage procedure for creating a
diagnostic system

On the first stage with the help of experienced experts by
ranking from the general list of all diagnostic features are
determined those, which are, according to experts,
essential for assessment of the equipment health manage-
ment. The main task of the first stage is the drawing up of a
planning matrix of a full factorial experiment (FFE). The
FFE planning matrix usage creates the intellectual
diagnostic model equipment health management. Here-
with, for the three-level factors the total number of possible
combinations of factors at the two input variables is equal
to N=3>=9, for the three variables — 3* =27, etc.
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Fig. 1. Elements of the turbine unit and the effect of diagnostic signs on their equipment health.

Formation of the FFE planning matrix with the help of
experts greatly accelerates and reduces the cost of this
procedure. Experts carried out the so-called “thought
experiments” instead of expensive, conducted active
experiments. In addition, it should be kept in mind that
conducting active experiments in conditions of the current
production is impossible due to possible emergencies, when
the variable of the process change from the minimum value
to their maximum values, and vice versa. In addition, many
enterprises simply do not have the ability to change the
variables according to the matrix of FFE planning.

It must be highlighted that the output values Y; are
actually equipment health evaluation of the object, so FFE
planning matrix displays diagnostic model for all, planned
by experts, combinations of input variables (diagnostic
signs).

On the third stage, is synthesized the research of the
intellectual diagnostic model for stability, adequacy,
sensitivity and uniqueness.

2.2 Almaty CHP-2 technical equipment

The steam turbine PT-80 (produced by LMZ — Lenin-
gradsky Metallichesky Zavod a division of the “Power
Machines” company) is a single-shaft two-cylinder unit,
designed for direct drive generator. The authors of this article
propose to consider turbine as a set of the following main
elements located on the same shaft: support bearing (SB);
cylinder and high-pressure rotor (HPC); cylinder and low
pressure rotor (LPC); alternator (ATG); thrust bearing
(TB). In addition, due to the particular dangers the authors
propose to consider the hydrogen supply system (IPS) in the
generator housing as a separate component that is not
associated with the other single-shaft (Fig. 1).

The development of effective methods of control of
technological parameters of the power station during the
exploitation period, detection of defects and faults at an
early stage of their occurrence, as well as the definition of a
remaining resource is very relevant assessment of equip-
ment health management of potentially hazardous ele-
ments of the technical system. Diagnosis success is largely
due to the correctness of the choice of informative
parameters for the construction of the principal diagnostic
models and object recognition and identification of
measuring systems models.

However, the question of recognition of difficult-
distinguishable faults on a quantitative and qualitative
assessment of functional and vibration parameters has not
solved yet. Therefore, considered in this study issues of

improving the information content of defect identification
criteria in the turbine unit is an actual scientific task. Of
course, solving of the diagnostics problems requires the
modern systems of automatic control and regulation of the
boiler and turbine units, systems for collecting and
processing information.

The technique of creating operating diagnostics of the
turbine unit conditions includes three main stages:
identification of diagnostic features based on expert
method; the synthesis of diagnostic model of equipment
health; research models on the stability, sensitivity and
uniqueness.

In order to implement the proposed three-stage
procedure for creating diagnostic subsystem in the case
of turbine we conducted a survey of operators, engineers
and technical workers of the Almaty CHP-2 turbine
manufactory, which showed that the main variables that
characterize the condition of the turbine unit in general
are the following: X; — vibration of the thrust bearing;
X, — vibration of the support bearing; X3 — Babbitt thrust
bearing temperature; X; — Babbitt support bearing
temperature; X5 — axial shift in the direction of the
generator; Xg — axial shift towards the chair; X; — the
relative  expansion of the high-pressure rotor;
Xg — the relative expansion of the low-pressure rotor;
Xg — the hydrogen pressure in the generator frame; X, — the
temperature in the hydrogen generator frame; X;; — the oil
temperature after the oil cooler; X5 — the pressure in the
discharge chamber of high-pressure cylinder; X3 — steam
temperature; X, — steam pressure; X5 — the fall of the
vacuum in the condenser; X5 — metal temperature in a high-
pressure cylinder; X;; — metal temperature in the low-
pressure cylinder.

All of these variables are controlled by the appliances of
the manufactory service, which makes it possible to
synthesize the automated system of the operative diagnos-
tic of turbine CHP equipment health.

Next, there must be created the FFE planning matrix
for the synthesis of intellectual model of diagnosis and
prognosis. However, in this case, there is a need to spend a
huge amount of “thought” experiments, for example, for 3-
level assessment the number of data points will be N=3'7,
which is absolutely impossible to implement. In this regard,
it is necessary to decompose the task of forming the FFE
planning matrix. To this end, we offer to evaluate the effect
of diagnostic features (DF): X;—X;7 on the condition of not
just the turbine unit in general and its individual main
parts that will reduce the impact of the “curse of
dimensionality” on the formation of FFE matrix.
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Figure 1 shows that the vibration, Babbitt temperature
and oil temperature, influence the equipment health of the
bearing, herewith, the evaluation of the equipment health
of the 10 bearings (Yop and Yup), in turn, are the
diagnostic features for the evaluation of the equipment
health of HPC, LPC and ATG. It is necessary to consider
the fact that these elements are equally affected by the
turbine condition as a support and thrust bearings. In this
regard, it is proposed to take into account assessment of the
equipment health of only one of the 10 bearings having a
worst-case assessment of the value (denoted by the value of
this evaluation through Y3,).

Accounting for a general assessment of the equipment
health of the bearings (Y3},) will reduce the number of
diagnostic features per unit for each of the three basic
elements: HPC, LPC and ATG. Evaluation of equipment
health of the most dangerous hydrogen supply system
(Y1ss) depends on hydrogen pressure and temperature in
the generator frame. At the same time, Y}, in conjunction
with other diagnostic features (X5, Y, and X;;) can serve
as baseline data for the evaluation of the equipment health
of the generator in general.

Herewith, the axial shift towards the generator (Xs)
and the axial shift towards the chair (Xg) are mutually
exclusive factors. Shift can be carried out either in one or
the other way, so the authors combined these two factors
alone — X;g, which reduced the number of diagnostic
features per unit for each of the three basic elements: HPC,
LPC and ATG.

In addition, the variables X4 (metal temperature in
the high-pressure cylinder) and X;; (metal temperature
in the low-pressure cylinder) are diagnostic for assessing
the equipment health of HPC and LPC only in the
process of their preparation for launch during heating.
During the normal operation of the turbine unit a person
does not control them, so the authors of this paper were
excluded from the number of diagnostic features, thereby
further reducing the dimension of the problem being
solved.

Variables X;3 (steam temperature) and X;4 (steam
pressure) are purely technological, depending on the
physical condition of steam coming from the boiler
manufacture. According to these variables, it is not
possible to evaluate the equipment health of the HPC or
LPC, so authors also excluded them from the number of
diagnostic features.

Thus, taking into account reductions in diagnostic
features, evaluation of each of the main elements of the
turbine unit can only be estimated by the four diagnostic
criteria (Fig. 1), thereby the number of “thought” experi-
ments for each of the parts of the turbine unit (HPC, LPC
and GTP) will be N= 3% =81, which is quite simple to
implement.

The basis of the proposed method of development the
algorithms of diagnosing is constitute by the FFE planning
matrix instead of the traditional rules of productions. Let
us consider the method of forming the FFE planning
matrix on the example of diagnosing the problem 6.

Formation of the FFE planning matrix is the most
time-consuming and_most_important_operation in the
synthesis of intellectual diagnostic models.

The next stage of constructing the fuzzy model is the
formation of the rule base (KB), by means of a survey of
experienced technology operators worked for a long time
as a machinist (operators) of Almaty CHP-2 turbine type
PT-80 / 100-140. The survey allowed making the rules as a
FFE planning matrix with step interval of 0.5, a detail of
which is given in Table 1. The quality of the knowledge
base (Table 1) will depend on the quality and efficiency of
the models (algorithms) of diagnostics of HPC (High-
pressure cylinder) equipment health. The number of
mental experiments, herewith, will be N=34 =281, as the
number of input variables is equal to 4, with 3-level values:
0.0, 0.5 and 1.0.

Synthesis of intellectual models of the HPC condition
diagnosis was produced using the Matlab graphical agents.
At the same time, there were synthesized the models of
three types: fuzzy, neural-network and neuro fuzzy and
model built by experimental design. Then with the help of
these four models there were calculated every 81 data
points. Comparative results of modeling with four different
algorithms are shown in Tables 2 and 3.

The most effective scheme for the modeling of the
equipment health are the neural networks [23-25].
Neural networks allow to solve the problem of classifica-
tion and to assess the condition of the object in a small
number of training steps. Probabilistic neural network
gives the best result, allows solving the problem in fewer
steps and with higher accuracy. Therefore, it is necessary
to explore the possibilities of both the neural networks,
and the models of uncertainty accounting in order to
increase the efficiency of processes for detecting defects
or deviations.

3 Results and discussion

The obtained results showed that the use of intellectual
models and the apparatus of fuzzy neural networks, unlike the
design of experiments methods, would allow to evaluate the
risks of failure of the turbine generator based on the live data.

Further studies on the stability, sensitivity and
uniqueness are held only for the optimal model — the
neuro fuzzy.

Sensitivity means that a small change in the input
parameters occur the change of indicator system properties
that can be found in a calculation error. The purpose of
sensitivity analysis is a comparative analysis of the impact
of various factors on the result of the decision of modeling
tasks.

A detailed diagram of the sensitivity analysis:

— selection of factors, minor change of which can be
significant in terms of impact on the researcher’s result;

— the establishment of the nominal and limit (upper and
lower) values of selected factors;

— decision of the modeling tasks in different ranges of input
data for all the selected limit values of factors;

— construction of the dependency in sensitivity solving of
the problem for all the factors and changes in the source
data range.

Figure 2 shows the assessment results of sensitivity in a
change of 4 input variables on the value of 0.02.
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Table 1. FFE planning matrix.

Input data Output data
Y. X5.6 X7 X2 Yurc

1 0.0 0.5 0.0 0.5 0.76

2 0.5 0.5 0.0 0.5 0.7

3 1.0 0.5 0.0 0.5 1

4 0.0 0.0 0.0 0.5 0.24

5 0.5 0.0 0.0 0.5 0.55

6 1.0 0.0 0.0 0.5 1

79 0.0 1.0 1.0 1 1

80 0.5 1.0 1.0 1 1

81 1.0 1.0 1.0 1 1

Table 2. Comparative results of modeling.

N Neuro fuzzy network Fuzzy logic Neural-network Correct answer
1 0.76 0.69562 0.76 0.76
2 0.68 0.90275 0.79 0.7
3 0.97 0.97416 1 1

4 0.23 0.75911 0.249 0.24
5 0.54 0.91648 0.559 0.55
6 0.97 0.97805 1 1

79 0.97 0.99428 1 1

80 0.97 0.97275 1 1

81 0.97 0.99508 1 1
The absolute error 0.88102% 1.15101% 1.146136% 1

Table 3. Summary table comparing the results for
different methods.

Modeling method The value of the

absolute error%

more sensitive to the changes of the values of relative
expansion of the high pressure rotor X3 and X, axial thrust
in the direction of the generator or the front of the chair.

Let us consider the results of modeling the HPC (Y)
equipment health assessment for different values of the

Y input variables Xq, X5, X3 and Xj.
. ‘ Figure 3 shows the results of modeling for the
1. Fuzzy algorithms i 1.15101% evaluation of the HPC (Y) equipment health depending
2. Neural-network algorithms 1.1461367% on the changes in the general state of the thrust and
3. Neuro fuzzy network 0.88102% support bearing (X;) for various values of CVD chamber
4. Experiment planning 6.75% pressures (X,), equal to the maximum (X, = 1.0), medium

Figure 2 shows how a slight change in the input
variables 0.02 impact on output variables. Diagnosing the
HPC equipment health, the change of input variables 0.02
values on logic and physics of the process should not greatly
affect the assessment of the equipment health of CVD due
to its insignificance. Figure 2 shows that the curves before
and after the change of the input variables to 0.02 is not
much different from each other that fully explains and
proves the high stability of the neuro-fuzzy diagnostic
model of HPC equipment health. This neuro-fuzzy model is

(X4=0.5) and minimum (X;=0) values. Modeling was
produced at nominal values of the axial offset towards the
front of the chair or the generator (X, = 0) relatively to the
expansion of high-pressure rotor (X3=0).

Figure 3 shows that the maximum value (Y =1) of
equipment health characteristics the HPC has at maxi-
mum values in the general condition of the thrust bearing
(X;=1) for all values of pressure in the HPC discharge
chamber (X;=0, 0.5 and 1.0). This is understandable
because the overall thrust bearing is peer (X; = 1), what is
unacceptable and will inevitably entail stopping the
turbine unit. When normal presssure in the CVD discharge
chamber (X;=0) and normal condition of the thrust
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Fig. 2. Neuro fuzzy model sensitivity valuation.

bearing (X; =0) the general equipment health of the HPC
is the best (Y =0), and when the thrust bearing general
equipment health deteriorate to (X;= 0.5) the overall
HPC equipment health is satisfactory (Y =0.559).

Figure 3 also shows that a moderate value of the
pressure in the discharge chamber (X, = 0.5) characterizes
the wear of CVD discharge chamber (X,=1). With the
best overall bearing equipment health values (X;=0)
general equipment health assessment of HPC is satisfacto-
ry (Y =0.69). It is characterized by the poor condition of
the CVD discharge chamber, so it is necessary to reduce the
pressure in the CVD discharge chamber by discharge,
reducing the supply to the turbine steam in order to
prevent further destruction of the discharge chamber. With
the overall assessment of the equipment health of the
thrust bearing X; = 0.5, the overall equipment health of the
HPC equals Y =0.759, which is unacceptable for the long
work of turbine unit under these conditions.

From the above it can be concluded that the
pressure value, that is the equipment health of the
HPC chamber of high pressure (X,) is not critical, so it is
always possible to unload the turbine and thereby
reduce the rate. In this case, the value of index of the
thrust bearing general equipment health is critical for
the general state of the turbine unit, due to the
impossibility of reducing this indicator during the
turbine working.

Figure 4 shows the modeling results of the HPC
equipment health valuation (Y) depending on changes in
axial thrust values in direction to generator or the front of
the chair (X,), for different pressures values of CVD
discharge chamber (X,), equal to the maximum (X, =1.0),
medium (X;=0.5) and minimum (X, =0) values. With
nominal values of the relative expansion of the high-
pressure rotor (X3 =), and general condition of the support
bearing (X).

Figure 4 shows that at the minimum value of pressure
in CVD discharge chamber (X, =0) the CVD equipment
health worsens with increasing of the axial displacement
in the direction of the generator or the front of the chair
(Xy). At (X5=0.5) X4=0, Y=0.7, and when X,=1,
Y = 1. Almost the same can be seen in the other two curves
of values assessment of HPC equipment health, which
have different initial data, depending on the pressures in

the HPC discharge chamber. At (X;=0.5) X,=0,
Y =0.249, at X,=0.5, Y=0.729, when X,=1, Y=1
and finally at mpu (X;=1) X5=0, Y=0.69, at X5=0.5,
Y =0.769 and at Xo=1, Y=1.

This can conclude that the value of the axial offset
towards the front of the chair or the generator (Xs) is
more critical than the pressure in the discharge chamber
X4. According to the instructions of the turbine unit
maintenance, in increasing of the value of the axial shift
in direction of the generator or the front of the chair and
the impossibility to normalize within the shortest time
the turbine unit switches off. As the axial offset can
cause the contact between the stator and the rotor in
mind the minimum clearance between them, which can
lead to the complete destruction of both the stator and
rotor.

In normal operation, the turbine unit axial displace-
ment is relatively stable value. However, in abrupt changes
of live steam parameters, this figure goes beyond the
established, herewith, the operator immediately takes
measures to normalize the steam pressure, supplied to the
turbine head by manipulation of control valves in
automatic or manual mode with the alert of operators
working in parallel of turbine and boiler.

Figure 5 shows how changes the overall assessment of
the HPC equipment health (Y), depending on the changes
in relative expansion of high-pressure rotor (X3 from 0 to 1)
and at nominal values of general condition of thrust and
support bearings (X1 =0), the axial shift in direction of the
generator or the front of the chair (X2 = 0) and values of
pressures in the discharge chamber, which are equal X, =0,
X,=0.5 and X, = 1.

Figure 5 shows that at the high pressure of different
values of the pressure in the discharge chamber X, =0
X;=0.5 and X,=1, the initial point of the curves
correspond to the total value of HPC equipment health
Y=0,Y=0.249 and Y = 0.6. With an increase in the value
of the relative expansion of the high-pressure rotor X3 and
the pressures in the high pressure chamber (X, =0, 0.5 and
1), the value of the overall of the HPC equipment health
(Y) tends to 1. That is, to an emergency condition, when
X;=0 (X3=0.5 Y=049), X3=1 Y=1), at X,=0.5
(X3=0.5 Y=0.54), (X3=1 Y=1) and X;=1 (X3=0.5
Y=0.79), Xz3=1Y=1).

This can conclude that the value of the relative
expansion of the high-pressure rotor X3 is also critical in
evaluating the overall HPC equipment health and across
the turbine in general. That corresponds to the operating
instructions of the turbine unit [25]. The expansion of a
high-pressure rotor is accompanied by the same threats
that the axial shift towards the generator or the front of
the chair, except that in this case the turbine stator
expands uncontrollably. The causes of excessive expan-
sion of the high-pressure rotor: the uneven heating of the
metal stator and rotor due to the different thickness of
the stator and rotor metal. To compensate this
phenomenon were provided the flange and studs heating
lines and regulation of these flows provides a uniform
heating of the metal. In normal work of the turbine this
phenomenon is not observed, it occurs only during the
starting and stopping of the turbine.
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Fig. 3. The modeling results for the assessment of HPC equipment health depending on the changes in the discharge pressure chamber
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The proposed method has been used in the development of
subsystem of Almaty CHP-2 turbine equipment health
management. Thus, the modeling results of the HPC
equipment health valuation are reasonable from the point of
view of the physics of PT-80\100-140 turbine unit technologi-
cal process and fully reflect the expert judgment — operators of
turbine type PT-80\100-140 and engineering and technical
personnel of the turbine Almaty CHP-2 manufacture.

The wvalidity of the obtained modeling results is
confirmed by numerous experiments and expert assess-
ments, which were obtained during their analysis. The
models reflect the physical processes that is supported by
the experiments on sensitivity analyzes. Thus, the use of
the developed model allows us to estimate the risk of an
accident. It should also be noted that because of the
research, was further developed the fuzzy neural network
model of classification of the degree of closeness of the
current condition to the emergency situation due to the
formalization of causality in the analysis of the equipment
health of the turbine generator.

4 Conclusion

— The analysis of modern diagnostic methods showed that
they require rather complex instruments and procedures
for measuring and analyzing diagnostic signs with the
need to develop complex mathematical descriptions of
diagnostic facilities. In addition, almost all of the
methods are not appropriate for the synthesis of
the automated systems of operative diagnosis as part of
the existing automated systems of operate control (PCS).

— Costs for the creation of an automated operative
diagnostics system will be reduced considerably, if it
will be included in the structure of the existing system of
operative control as its subsystems. In this case, the
information will be used to ensure the current operative
control system that will significantly reduce the cost of its
development and implementation. In this case, the effect
of the introduction of enhanced operative control system
will increase significantly, because in addition to the
effects of operative and optimal process control is
achieved and the effect of operative diagnostic of
technology equipment. In addition, it is possible to
expect occurrence of so-called synergistic effect — when
the effects of the operative control system and subsystem
operational diagnosis is much higher than their simple
sum. This is the result of interference of process control
and diagnostics of technological equipment on the one
hand and optimum operational management process,
a positive effect on manufacturing equipment on the
other — operative diagnostics enables to save the
condition of the operative equipment at the proper level,
thereby improving its handling.

— Created on the basis of intellectual technologies
subsystems of operative diagnostics, as part of the
existing system of operative control allow the use of
algorithms in their effective diagnosis methods: vibration
diagnostics, parametric diagnostics and, if it is necessary,
thenmethodrofsphasentrajectoriesmbiagnostic functions

enable the subsystem to repair the beginning of
destructive processes in technological equipment and
to locate them in time at an early stage.

— The study proposes the concept of three-stage turbine
unit diagnostic procedures, which proposes instead of the
creation of mathematical diagnosing models and failure
models of objects immediately begin to develop diagnosis
algorithm using advanced intellectual technologies.

— The main diagnostic features of assessing the condition of
turbine equipment are identified. Diagnostic signs allow,
in accordance with the developed concept, to form a FFE
planning matrix.

— There is synthesized and investigated the intellectual
diagnostic model of turbine unit equipment health. It was
found that the best model is the model, built using neuro-
fuzzy algorithms. There was provided the simulation of
the neuro-fuzzy algorithms and confirmed their effec-
tiveness and compliance with the laws of the physical
functioning of the HPC.

— Subsystem of operative diagnosis and the following
software implementation in a complex automated
technological process of thermal power control system
allows making an early diagnosis of the equipment
health. This significantly reduces the maintenance costs,
improves reliability and security, as well as the
effectiveness of the control system.

— The use of intellectual technologies in the management
and decision-making is now a global trend, reflecting the
complexity of technical and technological processes in
modern industrial systems.

— The results of this research have been used in the
development of operative diagnostic subsystems of
Almaty CHP-2 turbine equipment health, allow the
further development of the theoretical foundations of
intelligent systems, and demonstrate the possibility of
using modern concepts to solve important technical
problems. In this regard, the results of this study provide
further development of the theoretical foundations of
intellectual systems and demonstrate the possibility of
using modern concepts to solve important technical
problems.
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