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Abstract 

The turbogenerating set is considered as an object of run-time diagnostics, its diagnostic indicators were selected, and the decomposition 
of the "Turboagregat" system was carried out in order to reduce the dimension of the intelligent diagnosis models of its individual elements. 
Based on the knowledge, experience and intuition of the operators of the CHPP, the planning matrices of the full factorial experiment was 
built. The matrices used for obtaining the diagnosis knowledge base (model) of individual turbine elements. Simulation test of diagnosis 
models were conducted to assess their adequacy, responsivity, stability and uniqueness. 
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1 Introduction 

Diagnostic functions allow to fix the beginning of 
destructive processes in a technological object (TO) at an 
early stage. Such processes are irreversible, but their 
evolution can be controlled and predicted using the method 
of look-ahead multiparameter diagnostics (MPD), which 
produces an aggregate assessment of the monitored 
parameters trends at any specific time. The forecasting 
function refers MPD to look-ahead diagnostics, which, 
through the issuance of a control action, prevents unwanted 
results at the control object. As control inputs, messages 
about necessary actions and signals of operating mode 
regulation are used, including signals for disabling the TO 
to prevent destructive processes. 

The existing methods of monitoring the operational 
characteristics of TO are included in the labor periodic 
verification of their values in case of scheduled outages, 
involving qualified personnel. These methods relate to test 
diagnostics. With such control, in the event of the 
appearance of unacceptable parameter values, the 
possibility of timely taking precautionary measures 
preventing the reduction of operational TO resources is 
excluded. At the same time, continuous computer 
monitoring systems allow to monitor the rate of change of 
TO maintenance characteristics, predict the time of the 
necessary repair work to extend its safe operation and 
prevent the inevitable failure of the equipment. 

Thus, the confunction of the automated process control 
system and the subsystem of operational diagnostics make 
it possible to conduct the processes not only in real-time and 
optimally, but also safe for TO. 

In general, to create a subsystem of operational 
diagnostics, it is necessary to solve the following interrelated 
tasks. To develop a mathematical model of a diagnostic object 
functioning, which allows to verify capability and correctness 

of functioning using set of diagnostic variables (DV). Create 
a mathematical model of damages and failures, which makes 
it possible to detect damage and failure, identify the causes of 
their occurrence. Construct diagnostic algorithms by 
choosing a set of elementary checks, by results of which it is 
possible: to distinguish between serviceable and operable 
state, or the state of correct functioning from its faulty states 
in problems of detecting damage and failures; distinguish 
between faulty and inoperable states in problems of damages 
and failures search. 

In most technical diagnosis tasks, diagnoses are set in 
advance, and in these situations the recognition problem is 
often called the classification problem. A set of sequential 
actions in the recognition process is called the recognition 
algorithm. There are two basic approaches to the problem of 
recognition: probabilistic and deterministic. Probabilistic 
methods require a large amount of priori information. 
Deterministic approaches more briefly describe the essential 
aspects of the recognition process, less dependent on 
redundant, low-value information, more consistent with the 
logic of human thinking. However, a deterministic approach 
requires knowledge of qualitative and quantitative 
mechanism, occurring of physical-chemical phenomena in 
the TO, that is not always possible. One of the most 
important features of technical diagnostics is fault 
recognition within of limited information, when it is 
required to be guided by certain methods and rules for 
making a reasonable decision. 

In these conditions, the most promising approach can be 
the usage modern intelligent technologies (IT) in problems 
of recognition. In [1 and 2], we proposed and tested the 
technique of using intelligent technologies of the creation 
control systems for technological processes using the 
planning matrices of the full factorial experiment (FFE). 

We are inclined that this technique can also be used to 
create subsystems for operational diagnostics of 
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technological equipment, because in researching, 
developing and implementing the processes of diagnosing 
the technical state of objects, it is necessary to solve the 
same tasks which occur in researching, developing and 
implementing the control processes in general. 

Thus, the methods of developing intelligent diagnostic 
algorithms proposed in [3] allow to synthesize intelligent 
algorithms for operational diagnostics of the technical state 
of equipment based on the generated FFE matrices 
(knowledge base of experts). 

2 Decomposition of the "Turboagregat" technical 
system  

We conducted a survey of the operators from the turbine 
department, which showed that the main variables, 
characterizing the state of the turbogenerating set, are the 
following 

X1 – vibration of axial bearer; 
X2 – vibration of bearing pedestal; 
X3 – temperature of axial bearer babbit; 
X4 – temperature of bearing pedestal babbit; 
X5 – axial shift towards the generator; 
X6 – axial shift towards the chair; 
X7 – relative high-pressure rotor expansion; 
X8 – relative low-pressure rotor expansion; 
X9 – hydrogen pressure in the generator frame; 
X10 – hydrogen temperature in the generator frame; 
X11 – oil temperature after the oil cooler; 
X12 – pressure in the discharge chamber of the high-

pressure cylinder; 
X13 – hot steam temperature; 
X14 – hot steam pressure; 
X15 – breaking of vacuum in the condenser; 
X16 – temperature of the metal in the high-pressure 

cylinder; 
X17 – temperature of the metal in the low-pressure 

cylinder. 
Х18 – oil pressure on greasing; 
Х19 – oil pressure on the generator shaft seal. 
All these variables are controlled by devices, which 

makes it possible to synthesize the automated system of 
operational diagnostics of the technical state of the CHPP 
turbogenerating sets. 

In accordance to the methodology [3], it is necessary to 
create a planning matrix of the full factorial experiment 
(FFE) for the intellectual model of diagnosis and prediction 
synthesis. However, in this case, it is necessary to produce a 
huge number of "mental" experiments, for example for a 3-
level evaluation, the number of test points is N = 319, which 
is absolutely unrealistic to implement. 

Therefore, it is necessary to decompose the formation 
problem of the planning matrix of the FFE. For that purpose, 
we propose evaluating the influence of diagnostic variables 
(DV) Х1 – Х19 on condition of separate main parts of 
turbogenerating sets, which will mitigate the number of 
dimensions influence on forming planning matrix of the FFE. 

Taking into account the fact that the steam turbine is a 
tandem-compound double-cylinder aggregate, intended for 
direct drive of the generator, we propose to consider the 

turbogenerating set as a set of the following basic elements 
located on one shaft: bearing pedestal (BP), high-pressure 
cylinder and rotor (HPC), low-pressure cylinder and rotor 
(LPC), AC generator (ACG), axial bearer (AB). In addition, 
in view of the particular danger we are entitled to consider 
the hydrogen handling system (HHS) in the frame of the 
generator as a separate element, not connected with the other 
by shaft (figure 1). Designations of turbogenerating set in 
the figure 1: LC-leading chair (hydraulic control unit for 
controllers) it also has a shaft turning gear; AB - axial bearer; 
BP - bearing pedestal; HPC - high-pressure cylinder; IPC, 
LPC – intermediate and low-pressure cylinder in one frame; 
BE - backup exciter. 
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FIGURE 1 Elements of a turbogenerating set and variables characterizing 

their state 

Figure 1 shows that the technical condition of the 
bearings is affected by vibration, temperature of babbit and 
oil, at the same time, the level of the technical condition of 
the 10 bearings (YAB and YBP) are diagnostic features for 
assessing technical condition HPC, LPC and ACG. It is 
necessary to take into account the fact that the state of axial 
bearer and bearing pedestal affect on these elements of the 
turbine. Therefore, it is necessary to take into account the 
assessment of the technical condition of only one of the 10 
bearings, which has the worst evaluation value (Yb). 

Accounting the one general assessment of the technical 
condition of bearings (Yb) will reduce the number of DVs by 
one for each of the three main elements: HPC, LPC and ACG. 

Assessment of the technical state of the most dangerous 
hydrogen handling system (YHHS) depends on the pressure 
and temperature of hydrogen in the generator frame. At the 
same time, YHHS with other DVs (X5,6, Yb and X11) can be 
used as initial data for the evaluation of the whole technical 
condition of the generator.  

At that, the axial shift towards the generator (X5) and 
axial shift towards the chair (X6) are incompatible factors, 
i.e. shift can be implemented either in one or the other 
direction, so we combined these two factors into one - X5,6, 
which reduced the number of DVs by one for each of the 
main elements: HPC, LPC and ACG. 

In addition, the X16 (temperature of the metal in the high-
pressure cylinder) and X17 (temperature of the metal in the 
low-pressure cylinder) variables are DVs for assessing the 
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technical condition of HPC and LPC only in the process of 
preparing them for startup at heat penetration. In the process 
of normal operation of the turboaggregating set, they are not 
controlled, so we excluded them from the number of DV, 
lowering the dimension size of the solving problem. 

X13 (hot steam temperature) and X14 (hot steam pressure) 
variables are purely technical, depending on the physical 
state of the stream coming from the boiler department. On 
these variables, it is not possible to assess the technical 
condition of HPC and LPC, so we also excluded them from 
the number of DV. 

Thus, taking into account the reduction of diagnostic 

variables, the evaluation of each of the main elements of the 

turboaggregating set (TS) can be estimated only by 4 DV 

(figure 1), thus the number of "mental" experiments for each 

part of TS (HPC, LPC, ACG and AB) will be N=34 = 81, 

which is easy enough to implement. 

3 Formation of FFE matrices for individual elements of 
a turboaggregating set 

The next step in the methodology [3] involves the 

questioning of experienced operators, which were working 

with turbine units for a long time for the formation the base 

rules (bases of knowledge). It should be noted that creating 

a "base of knowledge" is much easier and safer, than 

carrying out of experimental researches on an operating 

object, because it does not require active intervention on the 

turboaggregating set. The survey made it possible to 

formulate a rule in the form of a planning matrix of the full 

factorial experiment (FFE) with a 0.5-point step for HPC 

(table 1), where 0 corresponds to minimum values of 

variables, 1 – to maximum. 

TABLE 1 Fragment of the FFP planning matrix for the synthesis of the 

high-pressure cylinder model 

№ 

experiment 

Input data Output data 

Yb Х5,6 Х7 Х12 YHPC 

1 0.0 0.5 0.0 0.5 0,76 

2 0.5 0.5 0.0 0.5 0,70 
3 1.0 0.5 0.0 0.5 1,00 

… . . . . . . 

80 0.5 1.0 1.0 1 1,00 
81 1.0 1.0 1.0 1 1,00 

Table 1 is the basis for the synthesis of an intellectual 

model for diagnosing a technical condition of HPC. 

Similarly, the planning FFE matrix is formed for other 

turbine elements. The efficiency of the subsystem of 

operational diagnostics of the turboaggregating set will 

depend on their quality. 

Using the data from table 1 and the Matlab package, 

three types of HPC diagnostics were synthesized: fuzzy, 

neural and neural fuzzy models. Table 2 shows the results 

of a comparison of the three types models of HPC diagnosis. 

As a result, the most adequate is the diagnostic model of the 

technical condition of the HPC, synthesized using of neural 

fuzzy technology. Similarly intelligent diagnostic model of 

technical condition of LPC, AB and ACG were synthesized. 

TABLE 2 Results of comparison three types of diagnostic models

№ 

experiment 

Fuzzy 

logic 

Neural 

network 

Neural 

fuzzy 

logic 

Expert 

YHPC 

1 0,63 0,62989 0,612 0,60 

2 0,64 0,65998 0,648 0,65 

3 1.00 0,97985 0,98 1,00 
… … … … … 

79 1.00 0,97985 0,98 1,00 

80 1.00 0,97985 0,98 1,00 
81 1.00 0,97985 0,98 1,00 

Error % 11,5 8,05 1,65  

4 Synthesis and analysis of intellectual models for the 
diagnosis of HPC 

Let’s consider the results of modeling the state of HPC (Y) 

for different values of the input variables: X1, X2, X3 and X4, 

obtained by using neuro-fuzzy model of diagnosis. 

Figure 2 show the results of modeling the state of HPC (Y) 

depending on the change of the overall condition of the axial 

bearer and bearing pedestal (X1) for different values of the 

pressure of the discharge chamber HPC (X4), equal to the 

maximum (X4=1,0), intermediate (X4=0,5) and minimum 

(X4=0) values. Modeling was performed at the nominal 

values of the axial shift towards generator or leading chair 

(X2=0) of the relative high-pressure rotor expansion (X3=0). 

Figure 2 shows that the maximum value (Y = 1) of the 

technical specification of the HPC has the maximum values 

of the axial bearer and bearing pedestal (X1 = 1) for all 

values of pressure in the discharge chamber of the HPC (X4 

= 0 0.5 1.0). This is fully understandable - just as the general 

state of the axial bearer and bearing pedestal is equal (X1 = 

1) is inapplicable and will inevitably cause the shutdown of 

the turboaggregating set, according to the operating 

instructions. With the standard pressure in the discharge 

chamber of the HPC (X4 = 0) and with the standard state of 

the axial bearer and bearing pedestal (X1 = 0), the overall 

technical condition of the HPC is the best (Y = 0), and with 

deterioration of the general technical condition of the axial 

bearer and bearing pedestal (X1 = 0.5), the overall technical 

condition of the HCP is equal (Y = 0.559). 

From figure 2 it is also evident that at the value of the 

pressure in the discharge chamber (X4=0,5), characterizing 

the runout of the discharge chamber of HPC, and at the best 

value of the axial bearer and bearing pedestal (X1 = 0) 

overall technical condition of the HPC is satisfactory 

(Y=0,249). According to the period of growth, i.e. the 

deterioration of the value of the axial bearer and bearing 

pedestal X1, overall technical condition of the HPC is 

getting worse and at (Х1=0,5) overall technical condition of 

the HPC is (Y=0,7), that means that the aggregate is not in 

the normal technical state and requires a heightened 

attention from operators, and if necessary a detailed 

inspection of the unit without stopping it. 
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FIGURE 2 Modeling results for technical condition of the HPC 

assessment depends on pressure change in the discharge chamber at X2=0 

and X3=0,5 

From figure 2 it is clearly seen, that at the maximum 
values of the pressure in the discharge chamber (X4 = 1), and 
at nominal values of the evaluation of the axial bearer and 
bearing pedestal technical condition (X1 = 0), the overall 
technical condition of the HPC has an emergency mode (Y = 
0.69), which is characterized by a poor condition of the HPC 
discharge chamber. At that, it is necessary to reduce the 
pressure in the discharge chamber of the HPC by way of 
unloading, i.e. reducing supply of hot steam to the turbine. At 
the general assessment of the technical condition of the axial 
bearer and bearing pedestal (X1 = 0.5), the overall technical 
condition of the HPC is (Y = 0.759), which is inapplicable for 
long-term operation of the turboaggregating set. 

From the above, we can conclude that the values of the 
pressure, i.e the technical condition of the high-pressure 
chamber of the HPC (X4) is not critical, because it is always 
possible to unload the turbine and thereby reduce this 
indicator. At the same time, the indication of the overall 
technical condition of the axial bearer and bearing pedestal 
is critical for the general state of the turboaggregating set, 
due to the impossibility of reducing this indicator with a 
working turbine, except for cases when the general technical 
condition of the axial bearer and bearing pedestal was 
affected by the following circumstances: 

1. The bearing temperature has risen above the set point 
due to the non-normal operation of the refrigeration 
system. In this case, the operative personnel have the 
opportunity to switch to auxiliary cooling or standby 
systems. Or solve the problem by simply adjusting 
the already operating cooling system, if it is not 
damaged and its state is satisfactory. 

2. Oil pressure on bearings fell below the minimum. In 
this case, the emergency backup is activated and the 
oil pump is automatically turned on. This is enough 
time for the operational staff to get the facts straight 
and to ensure the normal operation of the oil pump, 
through its maintenance and if necessary repair, so 
as to the safety technology of the turboaggregating 
set, it is not possible to operate for a long time 
without a backup oil pumps. Such a decision is 
accepted by the management team of the operational 
staff together with technical staff of the department. 

Figure 3 show the results of modeling the state of HPC 
(Y) depending on the change of the values of the axial shift 
towards generator or leading chair (X2) for different values 

of the pressure of the HPC discharge chamber (X4), equal to 
the maximum (X4=1,0), intermediate (X4=0,5) and 
minimum (X4=0) values. Modeling was performed at the 
nominal values of the relative high-pressure rotor expansion 
(X3=0) and overall condition of the axial bearer and bearing 
pedestal (X1). 

 
FIGURE 3 Modeling results for technical condition of the HPC (Y) 

assessment depends on values of the axial shift towards generator or 

leading chair (X2) and X1=0 и X3=0 

Figure 3 shows that at the minimum value of pressure of 
the HPC discharge chamber (X4 = 0) evaluation of the 
technical condition of the HPC is deteriorating with increase 
of the axial shift towards generator or leading chair (X2). At 
(Х2=0,5) Х4=0 Y=0,7, at Х2=1 Y=1. Almost the same thing 
can be seen on the other two curves of the evaluation of the 
HPC technical condition, which have different initial data 
depending on the pressure values in the HPC discharge 
chamber. At (Х4=0,5) Х2=0 Y=0,249, at Х2=0,5 Y=0,729, 
at Х2=1, Y=1 and at (Х4=1) Х2=0 Y=0,69, at Х2=0,5 
Y=0,769 and at Х2=1 Y=1.  

From this we can conclude that the value of the axial 
shift towards generator or leading chair (X2) more important 
than the pressure in the discharge chamber Х4. According to 
the operating instructions of the turboaggregating system, at 
increasing the value of the axial shift towards generator or 
leading chair and the inability to normalize it in the shortest 
time, turboaggregating set is shutdown. The axial shift can 
provoke a contact between the stator and the rotors in view 
of the minimum gap between them, which can be lead to the 
total destruction of both the stator and the rotor. 

With the normal operation of the turboaggregating set, 
the axial shift is fairly stable. However when hot steam 
parameters are abruptly changed, this indicator is going 
beyond the established, the operator at the same time should 
take steps for normalize hot steam pressure, which is given 
to turbine, by control valves manipulation in automatic or 
manual mode and signaling to other operators of parallel 
operating turbo-power units and boilers. 

Figure 3 show the results of modeling the state of HPC 
(Y) depending on the change of the relative high-pressure 
rotor expansion (X3 from 0 to 1), at the nominal values of 
the overall condition of the axial bearer and bearing pedestal 
(X1=0), axial shift towards generator or leading chair (X2=0) 
and at values of the pressure of the HPC discharge chamber 
Х4=0, Х4=0,5 and Х4=1 

Figure 4 shows that at the different values of pressure in 
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discharge chamber of high pressure Х4=0 Х4=0,5 and Х4=1, 

the initial points of the curves correspond to the state value 

of HPC Y=0, Y=0,249 and Y=0,6. At increasing value of 

relative high-pressure rotor expansion Х3, and at pressure 

value of high-pressure chamber (Х4=0 0,5 and 1), the state 

value of HPC (Y) is going to 1, i.e. to emergency state: at 

Х4=0 (Х3=0,5 Y=0,49), (Х3=1 Y=1), at Х4=0,5 (Х3=0,5 

Y=0,54), (Х3=1 Y=1), at Х4=1 (Х3=0,5 Y=0,79), (Х3=1 

Y=1). This implies that the value of relative high-pressure 

rotor expansion Х3 is also a critical value for HPC state 

assessment and for whole turboaggregating set. That 

statement corresponds to turboaggregating set operating 

instructions. High-pressure rotor expansion is cause of the 

same threat as axial shift towards generator or leading chair, 

with one exception that in this case the turbine stator could 

expand. Causes of high-pressure rotor excessive expansion 

are explained by a different thickness of the metal and the 

rotor. To compensate this phenomenon, flange and pin 

heating lines are provided. At nominal operation of the 

turbine, this phenomenon is not observed, it occurs only 

when the turbine is started and stopped. 

 
FIGURE 4 Modeling results for technical condition of the HPC (Y) 

assessment depends on values of the relative high-pressure rotor 

expansion Х3 and at the nominal values of Х1=0 and Х2=0 

5 Conclusions  

Thus, the results of modeling the evaluation of the HPC 
technical condition are valid from the point of view of the 
technological process physics of the turboaggregating set 
and in full measure reflect the scores of the turbine engine 
operators of the CHPP. 

Similarly, intellectual models for diagnosing the 
technical state of LPC, AB and ACG were synthesized. 
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