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ABSTRACT

The article highlights the problems associated with unpredictable outages, uncertainties in fuel supply, unpredictable changes in
coal quality, and deterioration of the infrastructure of a thermal coal-fired power plant due to the use of high-ash fuels. Traditional
methods of solving these problems lack adaptability and flexibility. The aim of the study was to improve the efficiency of operation
of boiler units of thermal coal-fired power plants, which consists in increasing the service life, by improving the models of thermal
coal quality management under random perturbations of its composition using automated measurement of abrasive materials in the
dust removal system in real time. A simulation model of the influence of coal quality on the erosion wear of heat exchange surfaces
of a steam boiler of a thermal coal-fired power plant was developed, consisting of a model of coal transportation and supply, a model
of coal quality control, and a model of coal abrasiveness. The models were validated using a computerized flotation test comparison
experiment and a one-factor analysis of variance. The experimental results showed that the group mean errors generally do not differ
significantly. A method was also developed for controlling the quality of combusted coal when the abrasive composition of the coal
batch formed by the supplier is disturbed. The proposed models and methods have the potential to significantly improve the
efficiency of thermal coal-fired power plants through the use of computer-integrated systems for managing pipe wear resistance and
reducing the need for premature repair and replacement of equipment, as well as ensuring satisfactory quality of fuel and abrasive
compositions, namely, fixing the service life of pipes within 5-9 years, as opposed to the unconscious use of highly abrasive fuel,
which will cause an urgent shutdown of a thermal coal-fired power plant within a year. This study opens the way to improving the
operation of a thermal coal-fired power plant and expands the understanding of the relationship between coal quality and equipment
wear. However, further empirical studies with a larger data set would be useful to improve the accuracy and versatility of the model.
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system; automated control system; automatic control methods
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INTRODUCTION heavy dependence on reliable energy supplies. In
addition to direct losses, there is a risk of
unexpected breakdown of power units, which may
require their shutdown for diagnosis, identification
of the problem and repair. In such circumstances,
the time to restore the plant's operation is critical,
and the hostilities only increase this risk.

Along with these problems, supplying fuel for
thermal power plants in a time of war also becomes
a much more difficult task. Coal, as the main fuel for
many thermal power plants, requires a constant and
reliable supply, which is impossible in wartime.
Research into fuel quality, its erosive effect on
equipment, and the difficulty of delivery becomes a

The challenges faced by Ukraine's energy
system in the context of war require immediate
solutions. The need for an in-depth analysis of the
situation and the development of effective strategies
for the restoration and further operation of energy
facilities is more urgent than ever. The need to use
computer technology to model situations, predict
and solve problems is undeniable. Exhausted by
missile strikes, these facilities are experiencing
increasing difficulties that could lead to their
unpredictable shutdown. This, in turn, could lead to
critical infrastructure disruptions, given the country's

riority.
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Changes in coal quality have a significant
impact on the performance of coal-fired power units.
The efficiency of these units decreases when coal
guality deteriorates, with carbon, ash and moisture
content is the dominant factor. Dynamic processes
associated with such changes can lead to fluctuations
in  thermal  parameters, increased energy
consumption, and problems with matching power
output to load commands. To counteract this, a
modified control method [1] for the water-fuel
mixture (WFM) was proposed, which incorporates
coal quality variations into the WFM calculation.
This strategy made it possible to improve the
performance of the thermal system by reducing
fluctuations in thermal parameters and increasing the
efficiency of the power unit.

Studies [2, 3] have shown that many of these
accepted approaches are either outdated or lack the
flexible adaptability needed to cope with dynamic
high-pressure  situations, particularly in  war
conditions, when there may be a sudden shortage of
fuel or an immediate and urgent need for control
actions to counteract or mitigate potentially
damaging effects on thermal power plant (TPP)
equipment.

Some of the procedures and methods described
in [4, 5], [6, 7], although based on modern
technologies, require the purchase and operation of
very expensive specialized equipment. These
modern technologies, while theoretically superior,
pose significant logistical and financial challenges,
increasing both the monetary investment and the
time required to potentially unmanageable
proportions.

A notable factor contributing to the wear and
tear of TPP infrastructure is the combustion of high-
ash fuels. High-ash fuels, especially if they are
contaminated with abrasive impurities, contribute
significantly to the gradual erosion of the surface of
heat exchanger tubes. The interaction of such
contaminated fuel with flue gases during combustion
leads to a constant deterioration of these critical

components of the TPP infrastructure. This
phenomenon, combined with the shortcomings of
existing monitoring and control  methods,

emphasizes the complexity and severity of the
problems associated with ensuring the durability of
heat exchanger tubes at TPPs.

Wear associated with the process of burning
abrasive fuels is a well-known phenomenon
described in detail in [8, 9]. This causes gradual and
continuous erosion of the surface of heat exchangers
at TPPs. Existing methods of coal quality control,

such as the detailed sampling method presented in
[10], are labour-intensive and not adaptive enough.
These procedures require continuous evaluation of
each batch of coal and individual determination of
the sampling step, which, given the constant arrival
of mixed coal supplies from different sources, can
lead to significant delays in transportation. These
delays also lead to significant costs for TPPs due to
excessive railcar maintenance. Since the existing
methods for predicting the consumption of different
fuels, detection of fly ash in ash traps and
abrasiveness do not effectively take into account the
real-time operation time of the boiler tubes, a
general mathematical model based on the new TPP
steam boiler scheme has not yet been developed.
The mathematical model should combine arguments
that take into account different types of fuel
consumption, fly ash in ash collectors, and
abrasiveness with functions. These functions should
describe the consumption of the total amount of ash
and slag pulp, carbon losses due to the discrepancy
between the declared and actual ash content of the
parameter and take into account the discrepancy
between the declared and actual ash content, as well
as the duration of operation before maintenance.

Works [9] and [10] discuss various methods for
determining the ash content of fuel during sampling.
However, these procedures are labour-intensive,
which creates difficulties during continuous fuel use.
The need to burn available fuel before laboratory
analysis results are available can lead to high ash
content or, in our context, high abrasive content
bypassing control measures. This unnoticeable surge
of abrasive impurities in the coal stream can
inevitably lead to abrasive wear of the boiler unit's
heat exchange surface tubes. Existing methods of
providing TPPs with high-quality coal are
insufficient to reduce the abrasive impact on steam
generator tubes. These methods need to be improved
by integrating the possibility of adjusting the
selection pitch. Such regulation will allow timely
refusal of viscosity fuel and control of heat exchange
tubes worn in TPP steam generators.

Numerous studies [1], [11, 12], [13] describe in
detail the methods of measuring pipe thickness using
acoustic or spectral sensors designed to prevent pipe
erosion and facilitate  timely  replacement.
Unfortunately, these methods require a complete
shutdown of the power unit to perform the
measurements. Outside of scheduled shutdown
periods for pipe inspection, a severe drop in water
pressure in the pipes may be the only harbinger of an
impending failure and prompt an immediate
shutdown to avoid a TPP accident that could
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seriously disrupt the power system. There is no
understanding of the impact of changes in coal
guality on the wear resistance of heat exchanger
tubes of a TPP steam boiler without shutting down
the power unit for inspection. There is also no
dynamic quality control model. Existing dynamic
models need to be improved and should include a
coal transportation model, a coal quality control
model, and a coal abrasiveness model, as well as a
sampling rule to identify and control poor-quality
fuel sources.

THE PURPOSE OF THE ARTICLE

The purpose of the article is to develop a
mathematical model that will increase the efficiency
of using heat exchange surfaces of a steam boiler of
a thermal power plant, namely, to increase its
service life, by improving methods for controlling
the quality of coal that is burned under random
perturbations of its composition by measuring the
abrasive component in the dust removal system in
real-time.

To achieve this goal, it is necessary to:

— To develop a simulation model of the
influence of coal quality on the erosion wear of heat
exchange surfaces of a steam boiler at a thermal
power plant, which consists of a model of coal
transportation and supply, a model of coal quality in
terms of supply from different sources, and a model
of the state of coal abrasiveness.

— Check the model for adequacy.

To develop a method for controlling the quality
of combusted coal when the abrasive composition of
the coal batch formed by the supplier is disturbed in
order to reduce the erosion wear of the heat
exchange surfaces of the steam boiler.

MAIN PART
1. MODELS OF COAL QUALITY INFLUENCE
ON EROSION WEAR OF STEAM BOILER
HEAT EXCHANGE TUBES

In [14], the objective function

Z(W,L,C) - min was described. To build a
mathematical model and check its adequacy, we first
need to consider a schematic representation of this
model. The general structure of the model is shown
in Fig. 1.

The mathematical model ZTPP (1) was built
in the form of a system of algebraic equations that
reflect the daily cash costs of TPPs associated with

forced premature repair and replacement of
equipment, fuel enrichment, and other costs that
need to be minimized;

.( W = Wenricn (Ad! VpuTCh)
|

L= Llog (x' Vpurch)

ZTPP = CTPP(Ad' Tequip) , (1)

C =
T = Tequip(Adr Vpurch)
k V= Vpurch (Ad)

where Wenrich (Ad, Vpuren) 1S @ function that describes
the costs associated with the fuel enrichment
process, depending on Ad and the purchase volume
Vourch; Liog (X, Vpuren) is @ function that describes the
costs associated with logistics, depending on the
purchase volume Vpurch; Vpuren (Ad) is a function for
determining the required volume for purchase,
taking into account the abrasiveness of the fuel.

Crep (Ad, Tequip) is @ function that describes the
costs of TPPs associated with environmental
pollution, repair and replacement of equipment due
to the use of highly abrasive fuel, depending on the
operating time before an urgent shutdown for repair;
Tequip (Ad, Vpuren) is a function for calculating the
time of current operation before repair.

Also, [15] described the principles of ash
accumulation during combustion and the principles
of ash and slag removal. This will help to develop a
subsystem for measuring coal abrasiveness (Cad)
of coal abrasiveness by measuring the deposition of
abrasive coal material in the fuel combustion system
to determine the actual abrasiveness of the fuel due
to combustion;

The ash from the collectors is mixed with the
furnace ash to form a sludge that is transported to
the ash dump. By measuring the sludge flow and
subtracting the process fluid, discrepancies between
the actual and declared ash content can be detected.
To solve the problem of abrasive damage caused by
the accumulation of fly ash in the collectors, a flow
meter in the collector pipes was proposed.

Taking into account the transportation delay and
the density of the process fluid, it is possible to
calculate the actual ash content (Fig. 2.) and its
impact on the wear resistance of boiler equipment.
Such a solution for determining fuel abrasiveness
requires minimal additional equipment. The next
step is to create a scheme for controlling the
consumption of abrasive material.
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Fig. 1. Structure of the model of coal quality influence on erosion wear of heat exchange
tubes of a steam boiler
Source: compiled by the authors
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Fig. 2. Complex for measuring the abrasiveness of coal
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Finally, a mathematical model Sl (2) for coal
guality control was also suggested, it’s in the form of
a system of algebraic equations that reflects the
formation of the sample size for checking the quality
of coal, using the information from papers [15], [16,
17] and [18]:

ny = nr(Ng'X)

X =X{p) ;
FPC = FPC(Ng, X)

(2)

Sle =

where n, is the sample size; Ng is the size of the
general  population, which is equal to
Ng = Vpyrcn/nw, Where ny is the specific load of
a railroad car; X is the sample size (calculated before
FPC); p is the expected probability of leakage of
low-quality fuel;, FPC is the limited population
correction.

2. CHECKING THE MODEL FOR ADEQUACY

The ZTPP model needs to be checked for
adequacy. For this purpose, we considered the
results of flotation tests [19] and [20] for steam coal,
in particular, the display of graphs of compliance
with the Ad (Ash content, %) of tailings during
beneficiation relative to the proportion of tailings to
fuel (Concentrate vyield, %) under various
conditions.

Table 1 and Fig. 3 show the results of coal
enrichment with the MFU-25 equipment for six tons
of fuel with an initial ash content of 44.8 %, where
one iteration takes 1 hour.

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

Concentrate yield, %

0% 10% 20%

Ash content, %

Fig. 3. Graph of Concentrate yield

versus Ash content
Source: compiled by the authors

30% 40%

Initially, the study [19] was considered for
comparison. In this study, an XFDII 1.0-L machine
(Jianfeng Mill, Nanchang, China) was used as the
beneficiation equipment for the laboratory flotation
cell. In this study, the beneficiation scheme was
described, where the amount of fuel was 80 g, where
one iteration takes 30 seconds, and the release
curves of high-ash fine coal for different media
filling rates at an initial Ad of 42 % to 47.6 % were
depicted. To verify the adequacy of the model,
progressive release flotation curves for the crushed
products with the best and worst-case scenarios were
selected for comparison.

Table 2 shows a comparison of the results of
matching the Yields % to the different Ad Yields for
the XFDII 1.0-L. Fig. 4 illustrates this comparison.

Table 1. Experimental results for the MFU-25

r M, t Mecarbon, t 1-Ad, % Mash, m Ad, % Ad yields, % Yields, % Myields, t

0 6.00 331 55.20 2.69 44.80 0 0 0.00

1 5.26 3.15 59.86 4.66 40.14 5 14 0.74

2 4.60 2.99 64.92 3.96 35.08 10 30 1.40

3 4.03 2.84 70.40 3.33 29.60 15 49 1.97

4 3.53 2.70 76.35 2.77 23.65 21 70 2.47

5 3.10 2.56 82.80 2.27 17.20 28 94 2.90
Source: compiled by the authors

Table 2. Comparison of experimental results for the MFU-25 and XFDII 1.0-L
XFDII'1.0-L (1) MFU -25(1) XFDII 1.0-L (2) MFU -25(2)

i | Adyields, % Yields, % Yields, % (*) Ad yields, % Yields, % Yields, % (*)

1 9.50 18.00 28.50 10.50 12.50 30.50

2 12.00 24.50 35.00 12.50 35.00 37.50

3 14.00 37.50 43.00 13.75 49.00 41.00

4 18.50 60.50 58.50 18.25 58.00 58.00

5 30.63 100.00 94.00 31.88 100.00 98.00
Source: compiled by the authors
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Fig. 4. The graphical results are shown in Table 2
Source: compiled by the authors

We also reviewed [20], which describes the
correspondence between Ad Yield % and Yield %
under different operating times. The study was
formulated for a more general case, so the
enrichment equipment was not described (N/A).
Similarly to Table 2, we considered the limit
scenarios for comparison with the current model.
The results are shown in Table 3 and Fig. 5.

100,
90

5 10 15 20 25 30 35 40
Ad yields, %

Fig. 5. The graphical results shown in Table 3

Source: compiled by the authors

The following formulas were used to calculate
the relative error:

_ YiMGJY_YiXFDII

6; = ~—xmpm— ®3)
Yimq)y_YiN/A
6i =" A 4)

l
where YM® is the result of Yield % for the
corresponding i for MFU-25; YXFPI / yN/A s the
result of the Yield % for the corresponding i for
XFDII 1.0-L and N/A.

The results of the error calculation are shown in
Table 4. The average relative error was calculated
according to the formula:

= 1
§=23n,6 (5)

From Table 4, we can obtain the average
relative error § = - 0.00316.

Also, to test the adequacy of the model, a one-
factor analysis of variance (ANOVA) was
conducted. For the input matrix data, we took the
values of the relative error under different conditions
(Table 5), where ¢, ., are the group averages.

The scatter of group averages of the failure rate
relative to the overall average is affected by both
changes in the level of the factor in question and
random factors.

In order to take into account the influence of
this factor, the total sample variance was divided
into two parts, the first of which is (factor) Sy, and
the second is (residual) Saws. In order to account for
these components, we first calculated the total sum
of the squared deviations of the variants from the
overall mean (Sy).

St =228 — 6%, (6)

the factor sum of the squared deviations of the group

means from the overall mean, which characterizes

the influence of this factor:
Sp=5-%(67 —6%), (7

which is obtained by replacing each variant in the S;
expression with the group mean for that factor.

Table 3. Comparison of the experimental results for N/A and MFU-25

N/A (1) MFU-25(1) N/A (2) MFU-25(2)
i Adyields, % | Yields, % | Yields, % (*) Adyields, % | Yields, % | Yields, % (*)
1 5.00 18.00 15,00 5.00 9.00 15.00
2 6.30 50.00 19,60 8.30 30.00 26.00
3 8.75 70.20 27,00 13.00 57.50 39.50
4 12.70 80.00 38,00 13.00 56.50 40.00
5 24.25 100.00 76,00 24.90 100.00 77.00

Source: compiled by the authors
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Table 4. Calculating the relative error under different conditions

i o i Equipment i o i Equipment

1 058 1 XFDII1.0-L (1)|MFU-25(1) | 11 -0.17 1 N/A(1) | MFU-25(1)
2 043 2 XFDII1.0-L (1) | MFU-25(1) | 12 -0.61 2  N/A(1) | MFU-25(1)
3 015 3 XFDII1.0-L (1) | MFU-25(1) | 13 -0.62 3 N/A() | MFU-25(1)
4 -0.03 4 XFDII1.0-L (1)| MFU-25(1) | 14 -0.53 4 N/A(1) | MFU-25(1)
5 -006 5 XFDII1O0-L (1)|MFU-25(1) | 15 -0.24 5 N/A(1) | MFU-25(1)
6 144 1 XFDII1.0-L (2)| MFU-25(2) | 16 0.67 1 N/A(2) | MFU-25(2)
7 0.07 2 XFDII10-L (2)| MFU-25(2) | 17 -0.13 2 N/A(2) | MFU-25(2)
8 -0.16 3 XFDII10-L (2)| MFU-25(2) | 18 -0.31 3 N/A(2) | MFU-25(2)
9 0.00 4 XFDII1O-L (2)|MFU-25(2) | 19 -0.29 4 N/A(2) | MFU-25(2)
10 -0.02 5 XFDII1.0-L (2) | MFU-25(2) | 20 -0.23 5 N/A(2) | MFU-25(2)

Source: compiled by the authors

Table 5. Input error data for a one-factor analysis

of variance
XFDII 1.0-L N/A
No. o1 o2 o1 02
1 0.5833 1.44 -0.167  0.6667
2 0.4286  0.07143 -0.608 -0.133
3 0.1467 -0.1633 -0.615 -0.313
4 -0.033 0 -0.525 -0.292
5 -0.06 -0.02 -0.24 -0.23
Oicp. 0.213 0.266 -0.431  -0.0603
X 1.0655 1.3281 -2.155 -0.3017

Source: compiled by the authors

The residual sum of squared deviations is
obtained as a difference:
Sres = St — Sk, (8)

to determine the total sample variance D, we used
(9), and to obtain the unbiased total sample variance
Sat, we used (10):

- St
D= (9)
Sares = h-(kt—l) ) (20)
respectively, for the unbiased factor sample
variance:
S
Saf =77, (11)

where h-1 is the number of degrees of freedom of
the unbiased factor sample variance of the factor.

In order to assess the influence of the factor on
changes in the parameter under consideration, the

value is calculated:
Sof

f‘t_

Sares

(12)

Since the ratio of the two sample variances St
and Saes is distributed according to the Fisher-
Snedeker law, the resulting value of f; is compared
with the value of the distribution function at the
critical point fe;, which corresponds to the selected
significance level a. If fi>f, then the factor has a
significant impact and should be taken into account,
otherwise it has a minor impact that can be
neglected.

If the mean values of a random variable
calculated from separate samples are the same, then
the estimates of the factor and residual variances are
unbiased estimates of the general variance and differ
only slightly. In this case, a comparison of the
estimates of these variances by Fisher's criterion
should show that there is no reason to reject the null
hypothesis that the factor and residual variances are
equal. The estimate of the factor variance is greater
than the estimate of the residual variance, so we can
immediately assert the injustice of the null
hypothesis of equality of mathematical expectations
across sample layers

In this case, h and k are 4 and 5, respectively.
Using the table of squares (Table 6), we can find the
necessary indicators.

Table 6. Tables of squared error values

XFDII1.0-L N/A

No. ol1"2 01272 02272

0.34028 2.07360 0.44444
0.18367 0.00510 0.01778
0.02151 0.02666 0.09800
0.00109 0 0.08528
0.00360 0.00040 0.05760 0.05290
0.55016 2.10576 1.10937 0.69840

Source: compiled by the authors

021"2
0.02778
0.36966
0.37870
0.27563

Mo B W N -
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Using (6)-(8), it was obtained: S;=4.46; Sr =
1.53 and S.., = 2.94. Using (10) and (11), the factor
and residual variances were calculated: Sy = 0.51;
Sores = 0.18.

In this example, the factor F has a significant
impact on the random variable. The null hypothesis
Ho was tested: equality of mean values of x.

From (12) it was obtained f; =2.83. For the
significance level a = 0.05, the number of degrees of
freedom 3 and 16, fo = 3.24 (from the Fisher—
Snedecor distribution table)

Due to the fact that f; <fg, the null hypothesis
about the significant influence of the factor on the
results of the experiments was rejected (the null
hypothesis about the equality of group means was
accepted). In other words, the group mean errors, in
general, do not differ significantly.

Finally, the following error results were
presented:

To conclude, the following error results were
presented:

— maximum relative error dmax = 1.44;

New batch planning and

— minimum relative error Omin = - 0.62;
— average relative error § = - 0.00316.

3. METHODS FOR CONTROLLING THE
EFFICIENCY OF COAL PREPARATION FOR
COMBUSTION

A structural method is proposed to create a
method for controlling the condition of pipes of the
heat exchange surface of a steam boiler of a TPP.
The structure of the integrated subsystem of coal
preparation for combustion is shown in Fig. 6.

Special attention was paid to the fuel quality
control method, which defines a systematic approach
to coal quality control and reserve stock
management using the Slwg model for the method. A
representative sample from each batch of coal is
selected for testing. If the quality of combustion falls
below a predetermined level, the sampling frequency
changes according to the conditions of the
mathematical model, which ultimately leads to the
inspection of each car, if necessary.

~  logistics task manogement = [{{= = = = — — — — Ad o - o o __
method T T T T T !
I T 1 I
I (. I
1 1 1 1
I (. I
> & 1 L1 |
I (. I
¥ 11 !
(. I
i > I
> Methods for con?rof.’.'ngf uel [ Fuel enrichment process 1
properties — |
1 I ~ |
(. I
v 11 !
11 1
. e d L e e e e e oo ] 1 1
Method of fuel quality control |« : |
| 1
A 1 1
A 4 " |
Coal combustion control : Method of adjusting the 4_|
algorithm : regulator
I A
J
A 4
Method for controlling
abrasive in flue gases
Fig. 6. The structure of the integrated subsystem of coal preparation for combustion
Source: compiled by the authors
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The model also describes the unloading of coal
depending on the results of the quality analysis and
the need to replenish reserve stocks.

If the actual quality of coal is found to be below
the specified quality, it is concluded that the
sampling step does not provide sufficient
verification. The sampling step is reduced according
to the following rule formulated by the mathematical
model (1). In [21], it is described that the most
typical trains are those with the number of railcars
from 28 to 42 (where the break-even point is 29), as
can be seen in Fig. 7. To build the method, we
considered the daily acceptance of 24 trains, each
consisting of 35 railcars.

140 I
.I\ sl Total increased costs
120 \ ——f— Income from reduced M
100

I I I

railcar downtime

o 80 AN -

o Break-even point

£ o /

2 60 7

b ."-—._~ \ /

2 S

: S —

_g 40 —— %

3 2 N

3 S
0 \
14 28 29 42 56

Number of railcars in the train

Fig. 7. The number of railcars in the train

and the corresponding operating costs
Source: The graph is taken and translated from [21]

The sampling process can be seen in detail in
Table 7 and Table 8.

Table 7. Sampling recommendations for
abrasiveness for satisfactory quality

i Ad r
(0-15.99%)

0 0 10
1 15.99 10
2 15.99 10
3 15.99 10
4 15.99 10
Source: compiled by the authors

The recommended initial sample size for
inspection is n, =85 railcars, or about 10 % of the
total number of railcars, with every 10th railcar
inspected (inspection step r = 10). If the inspection
proves to be ineffective, the proportion of expected
defective railcars is increased to 15 %, and the new

sample size is n, = 190 railcars, or about 20 % of the
total, with a check every 5th railcar (r= 5). If
defective fuel is still entering the system, the
expected fraction of defective railcars is increased to
50 % and the sample size is increased to n, =470
railcars, which is about 40 % of the total, with every
2nd railcar checked (r = 2). If this does not work, the
last resort is to check every railroad car (r = 1), until
a defective fuel is found. It can be seen that up to
16% abrasiveness, the sampling step remains at the
standard level of r =10, while any coal above 16 %
abrasiveness causes a gradual decrease in the
sampling step to the final r = 1.

Table 8. Recommendations for sampling with
respect to the abrasiveness index, for
unsatisfactory quality

: Ad Ad ;
(16-29,99%)  (30-35%)

0 16 30 10

1 30 35 10

2 30 35 5

3 30 35 2

4 30 35 1

Source: compiled by the authors

The experiment number in both graphs refers to

each moment of detection of actual abrasion due to
combustion, namely:
0 — previous fuel; 1 — start of combustion of the
current fuel; 2 — detection of abrasive and reduction
of the sampling step; 3 — repeated detection of
abrasive and repeated reduction of the sampling
step; 4 — reduction of the sampling step to r = 1,
until the moment of detection of abrasive.

The method of controlling abrasive in flue
gases was also described in detail, which describes
the procedure for detecting and measuring abrasive
(ash) during coal combustion at a thermal power
plant. It involves monitoring the ash formation
process using a special measuring channel and
determining the ash content in ash and slag during
pulp formation using a flow meter. A change in the
current amount of solid fraction in the pulp
compared to the previous period indicates a change
in coal quality. We consider the classes of coal
proposed in [22] (Table 9).

In Fig. 8, the decimal logarithms of the years of
operation for a particular coal class were chosen as
the ordinate axis. It can be seen that for the most
typical coal class, “Normal”, the service life of the
pipes before replacement ranges from 5 to 9 years.
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Table 9. Minimum and maximum operation of
boiler tubes before repair or replacement for

different coal classes

CONCLUSIONS

1. Suggested models were validated using
flotation tests and one-factor analysis of variance
(ANOVA). The experimental results showed the

Coal . L . .
Ad A min, years | max, years ability of the models to correctly predict the erosion
wear of heat exchange tubes under different
0-5 % Ideal - 17.75 .. . .

> a conditions. The result is fi < fe, which means that
5-9 % Good 17.69 9.43 the group mean errors generally do not differ
9-16 % Normal 9.42 4.89 significantly. The errors themselves were obtained:

16-30% | Unsatisfied |  4.89 2.17 Omax = 1,44; &min = - 0,62; 6= - 0,00316
2. Implementation of an integrated subsystem
30+ % Bad 2.17 - of coal preparation for combustion to regulate the

Source: compiled by the authors abrasive composition of the coal charge is important

for extending the service life of the equipment. To
25 this end, a systematic approach to coal quality

unconscious use of highly abrasive fuel, which will
cause an urgent shutdown of the TPP within 1 year.
This study opens the way to improving TPP
operations and expands the understanding of the
relationship between coal quality and equipment
wear. However, further empirical studies with a
larger data set would be useful to improve the
accuracy and versatility of the model.

¢ |deal control has been developed that takes into account
= Good the need to replenish reserve stocks and modify the
z 2 NGl sampling frequency based on combustion quality.
8 m Unsatisfied 3. The models and methods proposed in this
S 15 o nsatistie article have the potential to significantly improve the
& . W Bad efficiency of TPPs by reducing the need for
g H 9 years premature repe_lir and _replacement o_f equipment, as
o 1 3 well as ensuring satisfactory quality of fuel and
e m_  Dyears abrasive compositions, namely, to fix the service life
5;/05 Ny of pipes within 5-9 years, as opposed to the
o
O
o
-

o
o

20 40 60

-0,5
ABRASIVE CONTENT, %

Fig. 8. The service life of pipes for different

classes of coal
Source: compiled by the authors
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AHOTANIA

VY crarTi BHCBITIICHO TpoONeMH, MOB's3aHI 3 HemepenOadyBaHUMH BiIKIIOUCHHSMH, HEBH3HAYCHOCTSAMH 3 IOCTA4aHHIM
MaJMBa, Herepea0adyyBaHO 3MIHOK SKOCTI BYTULIA Ta 3HOMICHICTIO iHQPACTPYKTYpH TEIIOBOI BYTITBHOI EIICKTPOCTAHINIi Yepe3
BHUKOPHUCTAHHS BUCOKO30JbHUX BUAIB MaNMBa. TpaJuIifHUM METOaM BUPIIIEHHs HUX MpobieM Opakye aganTHBHOCTI Ta THYYKOCTI.
Merta HOCTiKEHHS ToJAraia y MiBUIICHHI ¢)eKTUBHOCTI EKCILTyaTallil KOTJIOarperaTiB TCIIOBUX BYTUTBHUX CIICKTPOCTAHILIH, sKa
MoJIsirae y 301IbIICHHI TEPMiHY eKCIUTyaTaii, 32 paxXyHOK BAOCKOHAJICHHS MOJENIEH KepyBaHHS AKICTIO CHEPTeTUYHOTO BYTLLIS IPH
BUITQJIKOBUX 30ypeHHSX HOro CKIagoM 3a JOIOMOTOI0 aBTOMAaTH30BAaHOTO BHMIpDIOBaHHS a0Opa3sMBHUX MarepialiB B CHCTEMIi
MWIOBHIAJICHHS B pealbHOMY uYaci. Bbymo po3poOieHo imiTamiiiHy Mopaenb BIUIMBY SKOCTI BYriUUIA Ha epo3iHUI 3HOC
TEIJIOOOMIHHUX ITOBEPXOHb IapOBOTO KOTJIA TEIUIOBOI BYTiIBHOI €NEKTPOCTAHIL], KA CKIAZA€ThCS 3 MOJENI TPAaHCIOPTYBAaHHS Ta
MOCTauaHHs BYTULISA, MOJETI KOHTPONIO SIKOCTI BYriUUIA Ta MOAEN CTaHy aOpasuBHOCTI Byriwis. Mopemi Oyiam mepeBipeHi 3a
JIOTIOMOT'OF0 KOMIT IOTEPHOTO eKCIIEPHUMEHTY MOPIBHSIHHS (ioTarifHuX BHIIPoOYBaHE Ta OJHO(DAKTOPHOTO JHUCIEPCIfHOrO aHawmi3y.
ExcrniepuMeHTanbHi pe3ynbTaTi MOKa3ald, IO TPYIOBI cepeiHi MOXUOKHN 3arajoM Pi3HATHCS He 3HaunMO. Takoxk Oyno po3poOieHo
METO]] KepyBaHHS SIKICTIO BYT1JUIA, 110 CIIAJIIOETHCS, IPU 30ypeHHi abpa3uBHUM CKJIAJIOM MapTii Byrijuis, ske GpopMye mocTadaabHUK.
3anponoHoBaHi MoOJeNi Ta METOAM MAroTh MOTCHIAN JJs 3HAYHOTO MiJBHINCHHS €(PEKTUBHOCTI POOOTH TEIUIOBHX BYTiIIBHHX
€JIEKTPOCTaHIIN 32 PaxyHOK BHKOPHUCTAaHHS KOMII IOTEPHO-IHTEIPOBAaHUX CHCTEM KEpyBaHHS 3HOCOCTIHKOCTI TpyO 1 3MEHIIEHHS
moTpedr B MEepeI4acHOMY PEMOHTI Ta 3aMiHi OOJaJHaHHs, a TAaKOXK 3a0e3MeueHHs 3aJ0BUIBHOT SKOCTI MaJMBa Ta aOpa3sUBHHUX
cKiIaniB, a came 3adikcyBaTH TEpMiH eKcIuTyaTtamii TpyO B Mexax 5-9 pokiB, Ha BiAMIHHY BiJ HECBiIOMOTO BHKOPHCTAaHHS
BHCOKOAOpa3MBHOTO TalWBa, IO BUKJIMYE TEPMIHOBY 3yNMUHKY TEIJIOBOI BYTNBHOI enekTpocTaHuii mporsrom 1 poky. lLle
JIOCTI/DKEHHS BiAKPUBAE NUIAX 0 IMOKpPAIIEHHS POOOTH TEIIOBOI BYTUIBHOI €NEKTPOCTAHIIIT 1 PO3MIUPIOE PO3YMiHHS B3a€MO3B'SA3KY
MK SKICTEO BYriuis Ta 3HOCOM oOnamHaHHsA. OJHAK MONANBIN EMIIPUYHI JOCTIIKCHHS 3 OimbIuM HAOOpoM maHux Oynu O
KOPHCHHUMH JUTSl TTiIBUILEHHS TOYHOCTI Ta YHIBEPCATbHOCTI MOJIENI.

Kiwuosi cinoBa: Temoi enekTpocTaHIii; SKICTh BYriuii; BHOIp mocTayainbHuKa; (opmyrna Bimbopy mpod Kokpana;
KOMIT FOTEPHO-1HTErpOBaHa CHCTeMa KepYBaHHS; aBTOMAaTH30BaHa CHCTEMa YIIPABIiHHS; METOM aBTOMaTHYHOTO YIPaBIiHHS.
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