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Abstract

Purpose. The aim of the study is to determine and analyse causes of faults in the operation of TR-7A scraper conveyor and
to estimate the required time for their remediation and select the methods of their prevention and elimination.

Methods. The characteristic of a system, such as the scraper conveyor, intended to fulfil its specified function in time and
operation conditions, can be studied, theoretically, by determining its operational reliability. This implies the existence of a
framework that incorporates several interconnected components of technical, operational, commercial and management na-
ture. The quantitative expression of reliability was based on elements of mathematical probability theory and statistics (expo-
nential distribution law), failure and repair mechanism not being subject to certain laws.

Findings. The following TR-7A subassemblies, if defective, could have been the cause of a failure: chains, hydraulic cou-
plings, chain lifters, drive, return drums, some electrical equipment. After 28 months of monitoring the TR-7A operation, we
have established the number of failures (defects) n;, the operating time between failures ti, frequency of failures fc, time to
repair ty, weight repair time pr, mean time between failures (MTBF), mean time to repair (MTR).

Originality. Data collection and processing involves the adoption of specific procedures to allow the correct highlighting of
the causes and frequency of failures. The accomplishment of this approach allowed finding the solutions for increasing relia-
bility of some subassemblies of TR-7A conveyor (i.e., those subjected to abrasive wear).

Practical implications. One solution was to use materials with compositional and functional gradient in the case of worn
surfaces of some subassemblies. It was successfully applied for the chain lifters where a significant increase in the mean time
between failures was obtained. The field of application of these materials can be extended to the metal subassemblies of
machines and equipment with abrasion wear that occurs both in underground mines and in quarries.
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1. Introduction

All over the world, researchers and engineers who are con-
cerned about improving underground or surface mining pro-
cesses constantly deal with various tasks aimed at enhancing
reliability of technical equipment to optimize its operation,
and thus increase productivity. Belt and scraper conveyers
play an important role during mining operations, their safe and
reliable operation being a mandatory condition for the proper
extraction of mined minerals.

Conveyers are considered a critical component of modern
coal mining transportation system; therefore, it is essential to
diagnose and monitor their damage accurately. Recent trends
in this regard have led to the development of Adaptive Deep
Convolutional Network methods which can better meet the
real-time and reliability requirements of conveyor belt
damage detection [1].
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Also, high processing computing has led to an extensive
use of numerical models for analysing the behaviour of mining
equipment in operation and for characterizing their dynamics
under various conditions [2]. By analysing simulation results,
critical components can be ranked, and reliability-based pre-
ventive maintenance schedules for all mining equipment con-
cerned can be developed [3].

The conveyor, the most important subsystem in a mining
scraper, is a highly coupled, chain drive system which has
been analysed based on dynamic meshing properties. Such
studies were carried out to improve reliability of scraper con-
veyors, while the contact analysis of the chain drive system
was simulated using state-of-the-art finite elements analysis
software. Contact analysis based on meshing properties is use-
ful in describing the dynamic properties of the chain drive sys-
tem in detail [4].
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Romanian scientists are also concerned about reliability
and maintainability issues of mining equipment. They have
conducted extensive research into reliability of conveyor belts
in underground coal mines in the Jiu Valley and discovered
that the transportation system was responsible for many down-
times because of the poor state of belt conveyers [5].

In Romania, there has been a decreasing trend of coal con-
sumption, which led to 19% drop of primary energy consump-
tion, in 2016, the equivalent of 62.8 TWh decrease, which,
compared to 2011, came up to 26.4%. In the future, it is ex-
pected that the Vulcan and Livezeni mines will remain func-
tional until 2030, without taking into account investments in
their technical upgrade, so one must look for solutions to re-
habilitate the existing technological equipment [6]-[8].

Coal mining machines and equipment are subject to va-
rying loads in a polluted and aggressive environment where
their working surfaces suffer various forms of wear, of which
abrasion is common and produces negative effect that eventu-
ally results in numerous interruptions in operation. Hence,
there is an increase in the consumption of spare parts, which
involves high expenses [9], [10].

The decision to reduce coal production in the Jiu Valley
has influenced the technical and economic indices of recent
years. It has also affected the use of mechanized complexes
CMA-2 and their components, including the TR-7A conveyor
(Fig. 1), by exceeding the cycle of 4-year operation without
strict observance of maintenance activities.

Figure 1. TR-7A scraper conveyor: 1 —drive station composed of
electric motor, hydraulic coupling and reducer; 2 — inter-
mediate trough; 3 —trough column; 4 —return head;
5 — scraper and transport chains

In the specialized literature, the authors focus their analy-
sis, in most cases statistically, on the production losses arising
due to the defects, without indicating the adequate solutions to
the problems [11], [12].

Although considerable progress has been made in increas-
ing the service life of subassemblies and spare parts of mining
equipment; it has not, however, led to an equivalent increase
in the service life of the equipment itself. Thus, we face a par-
adoxical situation when the machines have a shorter lifespan
than their components. Consequently, it is necessary to ana-
lyse the quality of service life of the equipment and its com-
ponents operating under specific operating conditions, in or-
der to establish ways to increase their reliability [13, 14].
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The objective of the current research is to determine and
analyse the causes of faults in the operation of TR-7A scraper
conveyor, as well as to estimate the necessary time for their
remediation and identify the possibilities for their prevention
and elimination. The practical data necessary for the above
analyses were obtained for the TR-7A scraper conveyors
equipped with mechanized complexes that operated on the
long wall, on the 3" coal layer (in the Jiu Valley basin).

The paper presents the ways to recondition some surfaces of
TR-7A conveyor subassemblies subjected to abrasion caused
by deposition of successive layers of material with different
properties, so that they can withstand high thermal and mecha-
nical loads, while ensuring increased abrasion resistance.

The specific conditions in the underground environment
(humidity, gas emissions) necessitate restoration of the tech-
nological equipment subassemblies suffering from the under-
ground exploitation and using some materials with specific
properties, usually antagonistic.

The materials from which these subassemblies are made of
should possess certain physical-mechanical characteristics:
high mechanical resistance (hardness and tenacity), resistance
to abrasive wear; resistance to high temperatures; mechanical
and thermal shock resistance.

At present, it is necessary to find materials and methods
for reconditioning of spare parts and subassemblies subject to
the most frequent failures in order to reduce production costs
in coal mines [15].

2. Materials and methods

2.1. TR-7A scraper conveyor

TR-7A conveyors (Table 1) are part of the “heavy” (ar-
mored) machinery, and they differ from the “light” one, by
playing a double role of transportation and travelling with an-
other machine (mining shearer). The difference between the
two constructions consists in their dimensions, mechanical re-
sistance and manufacturing process of the troughs.

TR 7A conveyor (Fig. 1) can work with a cutting shearer
with a weight of up to 400 KN and can be used in mining
equipped with individual or mechanized supports on a floor
with specific resistance to the allowable minimum compres-
sion 50 N/cm? (with inclination between +35° and -35°).

Table 1. Technical characteristics of TR 7A conveyor

Transport capacity t/h 450
Transport length m 60; 120
Chain speed m/s 0.7;0.9
Installed power kW 2x125
Supply voltage \Y 660
Number of chain branches pcs 2
Step scraper mm 920
Height of the trough mm 220
Total height mm 1210
Total width mm 3914
Total weight t 66

At present TR-7A conveyor is used in excavation from the
Jiu Valley as a component part of the CMA-2 mechanized com-
plex, being compatible with KS-3M shearer. This type of con-
veyors has the advantages of reliability, low weight, and easy
maintenance. They use spare parts common to those of the TR-
7G conveyor (for gallery), and their operating time without ma-
jor interventions correlates with the repair program and exploi-
tation of the face sliced according to the operation plan.
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2.2. Estimating probability of failure of TR-7A
conveyor subassemblies according to the law
of exponential distribution

In conventional terms, the unique parameter of quality is
represented by the capacity of a product to carry out the func-
tion for which it was designed. In the construction of ma-
chines, mining equipment and installations, this functionality,
usually, expresses those parameters of quality that correspond
to the requirements of standards, technical documentation or
other normative documents.

A problem of special importance is to evaluate the quality
and maintain it over time. A good quality mining equipment
must be safe in operation and maintain its initial performance
over time. In this sense, the main factors of quality are availa-
bility, reliability and maintainability [16]-[18].

Reliability of mining equipment is best described by kee-
ping its performance stable over time, which is materialized,
in the design phase, by the judicious choice of equipment ar-
chitecture, materials and manufacturing process. Further, dur-
ing the equipment execution and operation, the data and
observations help to improve its performance. In this context,
the theoretical distribution laws that can model the mechanical
phenomena of failure and restoration of a product, can be ex-
pressed by the following functions: exponential, normal,
lognormal and Weibull.

Maintenance is a concept of using feed-back from the ma-
chinery operation and reliable calculations to optimize mainte-
nance strategies in given technical and economic conditions.

The methodology and analytical relations used for the cal-
culation of the reliability and maintainability parameters of
TR-7A conveyor parts prone to failures are given below:

1. Knowing the values of the operating time between
failures t; of the component in their ascending order, the size
of the interval 4z and their number k are calculated using the
formula of Sturges:

_ tmax _tmin (l)
1+3.322-Ign’

where:
tmax — Maximum operating time between failures;
tmin — Minimum operating time between failures;
n — number of observations.
2. Mean time between failures will be:

XLt

M[t]= .

O]

3. Failure rate 4, relative frequency f(ti) and cumulative
frequency F(t;) are calculated via the relations:

1

()= @
Fe () =Xk, f (%) (5)

4. Theoretical distribution function (probability of failure)
F(t), based on the law of exponential distribution has the form:

F()=1-¢e". (6)

5. The difference between cumulative frequency F(t) and
theoretical function F(ti) is expressed by the distance d:

d =|F (t)-F(t)- 7)

6. The validation of the adopted theoretical distribution
law is obtained with the help of the Kolmogorov
concordance test, depending on the dmax value, according to
the inequality:

1.36
dmax < W : (8)

7. Reliability function is given by:
R(t)=e™. 9)

8. The statistical indicators of maintainability are the
mean time to repair MTR and rate of repair p, given by the
relationships:

1

MTR = o {‘thri ; (10)
1

H= W ) (11)

where:

tr — time to repair.
9. The number of spare parts to be reserved so as to cover
the needs of maintenance will be:

N=——, (12)

where:

T — operating time.

Increasing the total operating time, either by increasing the
MTBF time or by reducing the MTR time, is one of the main
objectives of maintenance. At the same time, the maintenance
and repair activities must be carried out with the lowest possi-
ble expenses and at the best quality level.

3. Results and discussion

3.1. The results obtained in the reliability
study of TR-7A conveyor

TR-7A conveyor was also used in the constructive version
of the gallery and in all sectors associated with the collector
transport flows. The defects found (Fig. 2) on TR-7A con-
veyor are identical to those of the conveyors operating on the
gallery (TR-7G), as shown in Table 2.

Figure 2. Used parts of TR-7A conveyor: (a) chain; (b) reduc-
tion gear
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Table 2. TR-7A conveyor subassemblies with defects The centralizer of the reliability indicators (Table 3) calcu-
TR-7A conveyor lated on the basis of the data from Table 2 allowed to build the

Name During operation Time to Pareto diagram (Fig. 3) which highlights the frequency of fai-
between failures, hours repair, min lure fc and the weight of repair time p, for the parts responsible

28; 126; 175; 322; 336;  50; 60; 55; 60; 55; for failures of TR-7A conveyor. Centralized results regarding

1. Chain .. e . .
343; 357; 378; 385; 756 65; 65; 45; 35; 40; the variation of reliability R(t) depending on time for the TR-
) 77;84;91; 105; 140;  60; 50; 40; 65; 40; 7A conveyor parts responsible for failures, are given in Ta-
2. Electrical 147; 161; 161; 161; 168;  40; 40; 35, 40;40; e 4 and presented graphically in Figure 4.
defect 182; 182; 182; 184; 217;  30; 45; 35; 35; 40;
238; 259; 259; 259; 427, 45; 40; 35 0.30
: 112; 154, 182; 238; 280; 80, 70; 60; 70; 70; m Frequency of failures (f), %
3. Switch PVI 301:329: 350: 448 60: 60: 05; 70; 55 0.25
4. Hydraulic 231; 371; 399; 427; 504; 90; 80; 80; 90; 95; Weight of repair time (pr), %
coupling 525; 679 100; 85 0.20
. . . . . 100; 110; 110;
5. Chain lifter %; 1252258;13333 371, 100; 110; 110; 0.15
! ’ 95; 100 010
6. Reduction 147; 182; 378; 427; 462, 140: 120 120; '
. 120; 120; 125;
gear 497, 700 125 110 0.05
7. Return drum 370; 987; 1512 130; 120; 105 I I I
160: 140: Electrical Chain  Swich Chain Reduction Hydraulic Drum  Electric  Return
8. Drum drive 420; 504; 567; 1127 125'. 130' defect PVI lifter gear  coupling drive  motor  drum
9. Electric motor 399; 749; 1526 150; 160; 160

Figure 3. Pareto diagram for the parts that presented failures at the
TR-7A conveyor

Table 3. Centralizer of the reliability and maintainability indicators for the parts responsible for failures of TR-7A conveyor

Number  Failures  Timeto  Weight e " Reliability ~ Viean time
No. Name of fai-  frequency  repair, of repair time to D_|str|bu- parameters, bereen
lures n; fe, % min time pr, % repair tion law hour! failures
' ' MTR, min MTBF, hour
1  Chain 10 0.1449 530 0.095 53.0 Exp 2 =0.0003119 320.6
2 Electrical defect 18 0.2608 755 0.136 41.9 Exp A =0.00537 185.8
3 Switch PVI 9 0.1304 580 0.104 64.4 Exp A =0.00375 266.0
4 Hydraulic coupling 7 0.1014 620 0.111 88.5 Exp A =0.00223 448.0
5  Chain lifter 8 0.1159 835 0.150 104.4 Exp 2.=0.00262 3815
6 Reduction gear 7 0.1014 840 0.151 120.0 Exp A =0.0025 399.0
7 Return drum 3 0.0434 355 0.064 118.3 Exp 4 =10.0009 1089.6
8  Drumdrive 4 0.0579 555 0.100 138.7 Exp A =0.00152 654.5
9 Electric motor 3 0.0434 470 0.084 156.0 Exp 4=0.00112 891.3

Total 69 5540

Table 4. Comparative values of reliability R(t) as a function of time for the parts responsible for failures of TR-7A conveyor
Reliability R(t)

No. Name Operation time t, in hours

100 200 300 400 500 600 700 800 900 1000
1  Chain 0.73 0.53 0.39 0.28 0.21 0.15 0.11 0.08 0.06 0.04
2 Electrical defect 0.58 0.34 0.19 0.11 0.06 0.04 0.02 0.01 0.007 0.004
3 Switch PVI 0.68 0.47 0.32 0.22 0.15 0.10 0.07 0.05 0.03 0.02
4 Hydraulic coupling 0.80 0.64 0.51 0.41 0.32 0.26 0.21 0.16 0.13 0.10
5  Chain lifter 0.77 0.59 0.45 0.35 0.27 0.20 0.16 0.12 0.09 0.07
6 Reduction gear 0.778 0.60 0.47 0.36 0.28 0.22 0.17 0.13 0.10 0.08
7 Return drum 0.91 0.83 0.76 0.69 0.63 0.58 0.53 0.48 0.44 0.40
8 Drum drive 0.86 0.74 0.63 0.54 0.46 0.40 0.35 0.29 0.25 0.22
9 Electric motor 0.89 0.79 0.71 0.63 0.57 0.51 0.45 0.40 0.36 0.32

Chain and electrical defects are related to high frequenciesof  3.2. Possibilities for reconditioning
failure and require frequent replacements, while reduction gears ~ some parts of TR-7A conveyor
(gears and shafts) and chain lifters most often require recondi- Improved reliability of subassemblies of mining technolog-

tioning. Using relation (12), it was possible to calculate the re- jca) equipment contributes to the increase in its productivity and

the lowest reliability, namely: chain (10 pieces), switch PVI (9 ¢onditions can be offered by the composite or plated materials,
pieces), chain lifter (8 pieces) and reduction gear (7 pieces). which are structurally gradient and implicitly functional.
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Figure 4. Reliability variation R(t) for the parts responsible for
failures of TR-7A conveyor

Such materials, designed to have a set of properties, some-
times antagonistic, are defined as FGM (Functional Gradient
Materials). Composite materials comprise a special category,
in which the emphasis is both on the differences in the chemical
composition of the phases (which make up the material) and on
how these phases appear in the structure (powders, long or
short fibers etc.) and can meet certain functional requirements.
Some of them are currently manufactured with technology that
produces the change of properties during their processing.

Materials with compositional and functional gradient can
be created by melting, static casting, infiltration or welding.

At Lupeni mining unit, the abrasion-worn surfaces of the
chain lifter were reconditioned to obtain a multilayer structure
by electric welding with tungsten carbide powder electrodes.

Experiments in reconditioning of the chain lifter required
numerous attempts to achieve the optimal share of the additive
material and the appropriate coefficients of the alloying ele-
ments passage into the deposited layer.

The adhesion between the layers (Fig. 5) was good and a
proper homogenization of the deposited material was obtained.

Figure 5. Material microstructure interface of the reconditioned
chain lifter

The reconditioned chain lifters were tested in operation,
with an increase in MTBF from 381.5 to 502 hours, which
confirms that hard alloy coating of abrasion-worn surfaces is
an adequate solution and can be applied in the maintenance of
mine equipment.
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4, Conclusions

Continuous operation of mining equipment subassemblies,
in general, and of scraper conveyors, in particular, is influ-
enced by the working conditions, such as shocks, high vibra-
tions and high humidity.

The solution proposed and experimentally tested at Lupeni
mine for the subassemblies of mining equipment subjected to
wear is to use welding to create surfaces with multilayer ar-
chitecture, which would allow to improve their reliability in-
dicators and contribute to the reduction of operating costs.

The advantages of electric arc welding and tungsten car-
bide powder electrodes are manifested in: high deposition
productivity ensured by the new generation of electrodes (with
high concentration of cobalt binders); easy accessibility to
welding equipment; wide range of adjustments of the deposits
wear resistance characteristics (by welding parameters).

Optimization of the deposits alloying level in pre-estab-
lished conditions based on the criterion of the maximum wear
resistance requires the preliminary study of the wear resistance
variation depending on the alloying level. The theoretical re-
sults and recommendations on the electrodes for welding must
be validated in production conditions, from the point of view
of welding behaviour and the wear resistance. In the process
of reconditioning, recovered electrodes with tungsten carbide
powders can be used, which allows to reduce maintenance
costs of mining equipment.

Acknowledgements

This work has been carried out without any funding from
a grant or scientific project.

References

[1] Qu, D.R, Qiao, T.Z., Pang, Y.S, Yang, Y., & Zhang, H.T. (2021). Re-
search on ADCN method for damage detection of mining conveyor belt.
IEEE Sensors Journal, 21(6), 8662-8669.
Yang, X.W., Chen, H.Y., Mao, J., & Wei, Y J. (2020). Dynamical behavior
of coal shearer traction-swing coupling under corrected loads. Scientific Re-
ports, 10(1), 8630. https://doi.org/10.1038/s41598-020-65184-w
Morshedlou, A., Dehghani, H., & Hoseinie, S.H. (2019). A data driven de-
cision making approach for long-wall mining production enhancement.
Mining Science, (26), 7-20. https://doi.org/10.37190/msc192601
Jiang, S.B., Zeng, Q.L., Wang, G., Gao, K.D., Wang, Q.Y., & Hidenori, K.
(2018). Contact analysis of chain drive in scraper conveyor based on dy-
namic meshing properties. International Journal of Simulation Modelling,
17(1), 81-91. https://doi.org/10.2507/ijsimm17(1)418
Tomus, O.B., Andras, A., & Magyari M. (2017). Study on the reliability of
the underground conveyor belt system installed at Vulcan Mine, the Jiu Val-
ley Basin in Romania. MATEC Web of Conferences, (121), 01016.
https://doi.org/10.1051/matecconf/201712101016
Pana, L., Grabara, J., Pasculescu, D., Pasculescu, V.M., & Moraru, R.I.
(2018). Optimal quality management algorithm for assessing the usage ca-
pacity level of mining transformers. Polish Journal of Management Stud-
ies, 18(2), 233-244. https://doi.org/10.17512/pjms.2018.18.2.19
Pasculescu, V.M., Vlasin, N.I., Florea, D., & Suvar, M.C. (2017). Improv-
ing the quality of the process for selecting electrical equipment intended to
be used in potentially explosive atmospheres. Quality — Access to Success,
18(S1), 97-102.
Pasculescu, V.M., Pricop, D.G., Morar, M.S., & Florea V.A. (2015). Re-
search on the development of an expert system for selecting technical equip-
ment intended to be used in potentially explosive atmospheres. Interna-
tional Multidisciplinary Scientific GeoConference-SGEM, Exploration and
Mining, (1), 291-298. https://doi.org/10.5593/SGEM?2015/B21/57.036
Florea, V.A., & Loga, W. (2013). Posibilities to increase the operating
safety and the reliability of mining technological equipments. International
Multidisciplinary Scientific GeoConference-SGEM, Exploration and Min-
ing, (1), 579-586. https://doi.org/10.5593/SGEM2013/BA1.V1/S03.047
[10] Florea, V.A. (2016). Reliability analysis equipment for cutting and trans-
portation in case of a mining flux technology. International

(2]

(3]

(5]

(6]

[7]

(8]

(9



https://doi.org/10.1038/s41598-020-65184-w
https://doi.org/10.37190/msc192601
https://doi.org/10.2507/ijsimm17(1)418
https://doi.org/10.1051/matecconf/201712101016
https://doi.org/10.17512/pjms.2018.18.2.19
https://doi.org/10.5593/SGEM2015/B21/S7.036
https://doi.org/10.5593/SGEM2013/BA1.V1/S03.047

V.A. Florea, D. Pasculescu, V.M. Pasculescu. (2021). Mining of Mineral Deposits, 15(3), 16-21

Multidisciplinary Scientific GeoConference-SGEM, Exploration and Min-
ing, (1), 719-725. https://doi.org/10.5593/SGEM?2016/B12/S03.094

[11] Lozynskyi, V., Medianyk, V., Saik, P., Rysbekov, K., & Demydov, M.
(2020). Multivariance solutions for designing new levels of coal mines.
Rudarsko Geolosko Naftni Zbornik, 35(2), 23-32.
https://doi.org/10.17794/rgn.2020.2.3

[12] Petlovanyi, M., Lozynskyi, V., Zubko, S., Saik, P., & Sai, K. (2019). The
influence of geology and ore deposit occurrence conditions on dilution in-
dicators of extracted reserves. Rudarsko Geolosko Naftni Zbornik, 34(1),
83-91. https://doi.org/10.17794/rgn.2019.1.8

[13] Mustafin, S.A., Duisen, G.M., Zeinullin, A.A., & Korobova, E.V. (2019).
Evaluation of the choice of borrower rating groups. News of the National
Academy of Sciences of the Republic of Kazakhstan, 6(438).
https://doi.org/10.32014/2019.2518-170X.166

[14] Beshta, O.S. (2012). Electric drives adjustment for improvement of energy
efficiency of technological processes. Naukovyi Visnyk Natsionalnoho
Hirnychoho Universytetu, (4), 98-107.

[15] Wang, X., Yang, J., Quan, L., Zhang, K., & Wang, J. (2018). A novel high-
efficiency wheel loader power steering system with fault-tolerant capabil-
ity. |IEEE Transactions on Vehicular Technology, 67(10), 9273-9283.
https://doi.org/10.1109/TVT.2018.2856933

[16] Bajda, M., Blazej, R., & Jurdziak, L. (2019). Analysis of changes in the
length of belt sections and the number of splices in the belt loops on con-
veyors in an underground mine. Engineering Failure Analysis, (101), 436-
446. https://doi.org/10.1016/j.engfailanal.2019.04.003

[17] Niculescu, T., Pasculescu, D., Pasculescu, V.M., & Stoica, 1.0. (2014).
Evaluation of electrical parameters of intrinsic safety barriers of the electri-
cal equipment intended to be used in atmospheres with explosion hazard.
International Multidisciplinary Scientific GeoConference Surveying
Geology and Mining Ecology Management, 1(2), 169-176.
https://doi.org/10.5593/SGEM2014/B21/S7.022

[18] Popescu, F.G., Pasculescu, D., Marcu, M.D., & Pasculescu, V.M. (2020).
Analysis of current and voltage harmonics introduced by the drive systems
of a bucket wheel excavator. Mining of Mineral Deposits, 14(4), 40-46.

https://doi.org/10.33271/mining14.04.040

HapiiiHicTh Ta excniyaTaniiiHi IKOCTi CKPeOKOBOro KOHBe€Epa,
10 BUKOPHMCTOBY€EThHCS IPU BUAOOYTKY BYrijuis B 1ouuHi Lxuy

B.A. ®nopea, J1. [Tackynecky, B.M. [Tackynecky

Merta. BusnaueHHs Ta aHaNi3 OPpUYUH HECTIPAaBHOCTEH Y pOOOTI CKpeOKOBOTO KOHBEEPA, OIIHKA Yacy iX YCYHEHHS Ta BHOIp METOHIB ixX
3ano0iraHHs i ikBigaii npu BUIOOYTKY ByTi/LIs.

Metoauka. CkpebkoBuii kouseep TP-7A, skuii npu3HaueHUH I BUKOHAHHS 3aaHoi (YHKIIT y yaci Ta B IEBHUX YMOBAaX eKCILTyaTamil
OyB TEOpPETHYHO BUBYCHO IIUISIXOM BH3HAUCHH:I HOTO eKCILTyaTalliifHoT HaaiiHOCTi. Lle Mae Ha yBa3i HasIBHICTh CTPYKTYPH, sIKa BKIIIOYAE KiJIbKa
B3a€MOIIOB’I3aHIX KOMIIOHEHTIB TEXHIYHOTO, EKCIUTyaTalliiHOT0, KOMEpLIfHOrO Ta yHpaBIiHCHKOTo Xapaktepy. KijdbkicCHe BUpaKeHHS Ha-
IIHOCTI 3aCHOBaHE Ha €JIEMEHTaX MaTeMaTHYHOI Teopii IMOBIPHOCTEH 1 CTaTUCTHKH (€KCIIOHEHLIAIEHOTO 3aKOHY PO3IIOLTY); 3 YpaxyBaHHIM
TOTO, 1[0 MEXaHi3M IOJIOMKH i pEMOHTY 00JaJHaHHS HE MiAMOPAIKOBY€ETHCS ICBHUM 3aKOHAM.

PesyabTaTu. BusnaueHo By3nu koHBeepa TR-7A, siki B pa3i HECIpaBHOCTI, MOXKYTh OYTH MPUYHUHOIO BIIMOBH B POOOTI: JAaHIIOTH, Tiapa-
BIIiYHI My(TH, JIAHIIOTOBI IiAHOMHHKH, TIPUBiJI, IIOBOPOTHI OapabaHu, NesKuid eneKkTpuaHe obmagHanus. [Ticnsa 28 micsmiB MOHITOPUHTY Po-
6otu TR-7A Oyio BU3HAYEHO KIIBKICTH MOJIOMOK (HecIpaBHOCTEH) Ni, pobounii yac Mixk NoJIOMKaMH ti, 4acTOTa MOJIOMOK fc, yac peMoHTY tri,
BaroBa 4acTka 4acy peMOHTY Pr, cepeHiil yac Mix monomkamu (MTBF), cepenniii uac pemonty (MTR).

HaykoBa HoBH3HA. BcTaHOBIIEHO KOPEKTHI IPUYMHM 1 YacToTa 3001B y poOO0Ti CKpeOKOBHX KOHBEEPIB HA OCHOBI HOBOTO ITiAX0XYy 300Dy
Ta 00POOKH CKCIIEpUMEHTATBHUX JaHUX. Pearizaliist JaHOTo MiX0Iy T03BOJIMIIA 3HAUTH PILICHHS JJIs MiABUIICHHS HAITHOCTI TIESIKMX BY3J1iB
koHBeepa TP-7A, cXUIbHUX 10 aOpa3HBHOTO 3HOCY.

MpakTuuna 3HaYuMicTb. OHAM 3 pilIeHb OYJI0O BUKOPUCTAHHS MaTepialliB 3 KOMIIO3UIIIHHUM 1 (yHKIIOHATEHUM TPaJi€eHTOM JUIA Bill-
HOBJICHHS 3HOIIICHNX MTOBEPXOHB JEAKUX BY3iB. Llei miaxix OyB ycCIIiIIHO 3aCTOCOBAHMIA IS JIAHIFOTOBHX ITiJHOMHHKIB, B PE3YJIBTAaTi YOTO
cepenHiil yac MiX ITOJIOMKaMH 3HAYHO 30UIbIIMBCA. Taki MaTepialiy MOXKYTb 3aCTOCOBYBATHCS [UISl BiJIHOBICHHS METAIIEBUX BY3JIiB MAIlIUH i
YCTaTKyBaHHS, CXUIIBHHUX JI0 a0pa3suBHOTO 3HOCY SIK IPH MiI3eMHIM, TaK i BIIKPHUTii po3po01Ii poIOBHIIL.

Kniouosi cnosa: konseep, 6u0odymok 6y2inis, eKCnoHeHmHull 3aKoH po3nooiny, bazamowaposa cmpykmypa, pemonm, HaoiiHicmsy, 3HOC

HanexHOCTh U IKCITyaTAMOHHbIE KA4YeCTBA CKPEeOKOBOI0 KOHBeliepa,
HCMOJIb3yeMOro NpH 100b14e yris B goaune xuy

B.A. ®nopea, . [Tackynecky, B.M. ITackynecky

Heas. Onpenenenye u aHamu3 NPUYMH HEHCIPABHOCTEH B paboTe CKPeOKOBOTO KOHBeHepa, Ol[eHKa BPEMEHH MX YCTpPaHEHUs! U BBIOOp
METOJIOB MX MPEIOTBPANICHHS 1 JIUKBHAINHN TIPH JOOBIUE yTIIS.

Metoauxa. CkpeOkoBbIii KoHBeiep TP-7A, KOTOpPBII IpeTHa3HaYeH Al BRIIOHEHHS 3aJaHHON (DYHKITIH BO BPEMEHH U B OTIPEIETICHHBIX
YCIOBHSAX SKCIUTyaTaluy, ObUT TEOPETHUECKN U3YUEH ITyTeM OPEETIeHHs €0 IKCINTyaTallnOHHOH Ha/ISKHOCTH. JTO MOApa3yMeBaeT Haludue
CTPYKTYpBI, KOTOpas BKJIIOYAET HECKOJIbKO B3aMMOCBS3aHHBIX KOMIIOHEHTOB TEXHUYECKOI'0, 3KCILUTyaTallMOHHOTO, KOMMEPYECKOr0 U yIpaB-
JIEHYECKOro Xapakrepa. KommuecTBeHHOE BEIpaXKeHUE HAJIS)KHOCTH OCHOBAHO Ha 3JIEMEHTaX MaTeMaTHYECKOM TEOpUH BEPOSITHOCTEH U CTaTH-
CTHKH (3KC]’IOHeHLLI/IaJ'[bHOFO 3aKOHa pacnpeﬂeneﬁm); C Y4€TOM TOT'0, YTO MEXaHU3M IIOJIOMKH U PEMOHTA oGopyuosaHI/m HC NMOAYHUHACTCA
OTIPE/IENICHHBIM 3aKOHaM.

PesyabTathl. Onpezenens! y3ibl KouBeiiepa TR-7A, koTopble B cilyyae HEHCIPABHOCTH, MOTYT OBITh IPUYMHOI OTKa3a B pabore: Lemnwy,
THpaBIMIECKHe My(THI, [IeHbIe TOABEMHHKH, IIPHBO]I, BO3BPATHEIE OapabaHbl, HEKOTOpOE NMeKTpHIecKoe obopynosanue. [Tocie 28 mecs-
1eB MOHHTOpHHTA paboTl TR-7A OBUTO OmpeneNieHo KOJNMYECTBO MOJOMOK (HEHCIIPaBHOCTEH) Ni, pabodee BpeMsi MeXIy MoioMKamu i,
YacToTa MOJOMOK fe, BpeMst peMoHTa tri, BeCOBasi I0Jsi BpEMEHH PEMOHTa Pr, cpefHee BpeMs Mexay noidomkamu (MTBF), cpennee Bpems
pemonta (MTR).

Hayunasi HOBH3HA. Y CTaHOBJIEHBI KOPPEKTHBIC TPUYHHEI M 4acTOTa cO0EB B paboTe CKPeOKOBBIX KOHBEHEPOB Ha OCHOBE HOBOTO MOAX0/1a
cOopa 1 00pabOTKH IKCIIEPUMEHTABHBIX JaHHBIX. Peann3aiius TaHHOTO MOIX0/1a TI03BOJIMIIA HAUTH PEIICHHUS ISl TOBBINICHUS HaIC)KHOCTH
HEKOTOPBIX y3J10B KoHBelepa TP-7A, noaBepKeHHbIX aOpa3UBHOMY HU3HOCY.

ITpakTHyeckasi 3HAYMMOCTh. OZIHUM U3 pelIeHUI ObIJIO MCIOJIb30BAaHHE MATEPUAJIOB ¢ KOMIO3UIMOHHBIM M (DYHKIIMOHAIBHBIM T'pa-
JHUCHTOM JI1 BOCCTAHOBJICHUSA N3HOIICHHBIX HOBerHOCTCf/i HEKOTOPBIX Y3JIOB. 3TOT nmoaxon OBLT yCHeuHo NpUMEHEH JUIA LCTTHBIX IOAbEM-
HUKOB, B pe3yJIbTaTe Y€ro CpeiHee BpeMs MEXkly IIOJIOMKaMU 3HAYUTENBHO YBEJINYMIOCh. Takue MaTeprabl MOIYT IPUMEHAThCS UL BOC-
CTaHOBJICHUSI METAJUTMYECKUX y3JIOB MAlllMH ¥ 000pYyJOBaHUS, MOABEPKEHHBIX a0pa3sMBHOMY M3HOCY Kak MPH MOA3EMHOM, TaK M OTKPHITON
pa3paboTKe MECTOPOIKICHHH.

Knrwoueevie cnosa: xouseiiep, 000b1ua yens, dKCHOHEHYUATbHbLIL 3AKOH pacnpedeneHus, MHO20CI0UHAs CIMPYKMYpd, PeMOHM, HA0edic-
HOCMb, USHOC
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