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ABSTRACT

BACKGROUND: Stable significant degree of wear of on-ground vehicles of transport industry and of agricultural machinery
keeps improvement of maintenance management relevant. Development of the procedure for improving the maintenance
process using state-of-the-art digital technologies is a relevant technical problem.

AIM: Determination of parameters for development of the procedure of making good managing decisions in the process
of maintenance and repair of products in conditions of planned and preventive repair system using the neural network
technology.

METHODS: Simulation of operation of the proposed neural network was performed in the Deductor software. The built model
of the neural network contains one hidden layer with 10 neurons. A sigmoidal function was used as an activation function
in neurons of the neural network model. Tools and definitions of mathematical statistics and algorithms theory were used
for solving the given problems.

RESULTS: The cycle variation coefficient is proposed for revealing the necessity of managing impact on the processes
of maintenance and repair of products. The proposed values of the coefficient describe stability of product maintenance and
repair process. Using these values, the block diagram of the procedure of improving the maintenance process was developed.
The tool of the industry 4.0 neural networks was considered. The performed simulation based on the example of vibrational
diagnostics of a bearing unit showed that neural networks are capable of defining defects using amplitude-frequency response
of a vibration signal that means to interpret the diagnostic information that can be crucial in conditions of expert absence.

The scientific novelty of the study lies in presenting the values of the cycle variation coefficient for making managing decisions
in maintenance and repair processes, as well as in obtaining the results of simulation of the neural network operation that
confirms potential for their use for interpretation of diagnostic information which is presented in a form of various spectrographs.
CONCLUSIONS: The practical value of the study lies in the potential of using the proposed neural network for development
of the system of diagnostic information analysis in condition of expert absence and using the proposed values of the cycle
variation coefficient for decision-making in management of maintenance and repair.
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ODVII'VIHaJ'IbHOG nccneaposaHme

MexaHU3M cOBepLUEHCTBOBAHMSA YNpaB/ieHUs
NPoOLLECCOM TEXHUYECKOro 06C/Iy)KMBAHMA U PEMOHTa
C NpUMeHeHneM HepoceTeBOW TEXHONIOrUU

A.B. lWnumoxuH, 0.M. Kupacupos

OMCKUI rocyaapcTBeHHbI arpapHbii yHuBepcuteT, OMck, Poccuiickas ®Oepepauvs

AHHOTALMA

06ocHoBaHuMe. Bce elue ocTaeTcsi 3Ha4MMON CTENEHb M3HOCA Ha CYXOMYTHOM TPAHCMOPTE TPAHCMOPTHOMW OTPAc/M U B Ceflb-
CKOXO3IMCTBEHHON TEXHWUKE, YTO MOATBEPXAAET aKTYaNbHOCTb [anbHENLIEro COBEPLUEHCTBOBAHUSA OpraHM3aLmu TeXHUue-
cKoro cepsuca. C 3TMM CBA3aHa TEXHUYECKON 3af,aun pa3paboTKn MexaHWU3Ma COBepLLEHCTBOBAHUA MPOLIEcca TEXHUYECKOro
cepBuca C UCMOMb30BaHNEM COBPEMEHHBIX LIMPPOBbLIX TEXHOMOMUN.

Lienb pabotbl — onpefeneHne napaMeTpoB Ans pa3paboTku MexaHW3Ma MPUHATUA KayeCTBEHHbIX YMpaBiEHYeCKUX pe-
LUEHWUN B NpoLiecce TEXHUYECKOro 0BCNyMBaHWA U PEMOHTA U3LeNuUi B YCNOBUSX NNaHOBO-NPeAynpeanTeNibHOM CUCTEMBI
PEMOHTA C NPUMEHEHNEM TEXHOMOMMN HEMPOHHBIX CETEM.

Matepuansl n MeToabl. MofennpoBaHue 1cciesyeMoro npoLecca ¢ NoMOLLb NpefJiaraeMon HeMPOHHOW CETU BbINOJHEHO
B nporpamme Deductor. MocTpoeHHas MoAenb HEPOHHOM CETU COAEPIKUT OAMH CKPbITbIN cnoi ¢ 10 HelipoHamu. B kauectse
(YHKLMM aKTUBALWMM B HElipOHaX MOLLeNN HEMPOHHOM CeTU UCMoNb30Banach cMrMomuaHas GyHKUMA. [ing pelueHns noctasneH-
HbIX 33,4 NPUMEHSANNCL METOAbI W MOHATUA MaTEMATMYeCKON CTAaTUCTUKM U TEOPUM anrOpUTMOB.

PesynbTatbl. [1ns BbiABNEHUS HEOOXOAMMOCTH YNpaBNEHYECKOr0 BO3AECTBIUA HA MPOLECChl TEXHUYECKOro 06CNyKMBaHUS
W pEMOHTa M3AeNns NpeanoKeH KoaGGuumeHT Bapuaumm umkna. lMpeanaraioTcs 3Ha4eHUs koaddULMEHTa, KOTopble XapaKTe-
pu3yloT cTabunbHOCTL NpoLiecca PEMOHTa U TeXHUYecKoro obcnyKuBaHus usgenus. Ha ocHoBe 3TUX 3HaueHuiA NpeAcTaBneHa
b10K-cxeMa MexaH13Ma COBEpLUEHCTBOBAHWSA NpoLiecca TeXHMYecKoro cepsmca. PaccMoTpeH HCTPYMeHT uHAycTpumn 4.0 —
HeiipoHHble ceTw. [lpoBei€HHOE Ha NpuUMepe BUOPOAUArHOCTUKM NOALLMIHUKOBOrO y3/1a MOJeNNpoBaH1e NoKa3ano, YTo Hen-
POHHbIE CETWU MOrYT pacrno3HaBaTb Ae(eKTbl N0 aMMINTYAHO-YaCTOTHON XapaKTepUCTUKKM BUBpOCUrHana, To ecTb UHTepnpe-
TUPOBaTb [MArHOCTUYECKYKD MH(DOPMaLMIO, YTO MOXKET BbITb KPUTUYHO B YCNOBUSX OTCYTCTBMA 3KcnepTa. HayuHas HOBM3HA
UCCnef0BaHUA 3aKIIOYAETCA B MPeACTaBAEHUM 3HAUYEHUN KOIQPULMEHTa BapuaLmu LMKNA AN1S NPUHATUA YNpaBeHYecKux
peLUeHNi B NpoLieccax TEXHUYECKOro 06CNyXMBaHNSA 1 PEMOHTA, a TaKXKe B NOJTy4eHUU pe3ybTaToB MOLeNMpoBaHns paboThl
He/pPOHHON CeTU, KoTopble MOATBEPAVIN BO3MOXHOCTb UX UCMOb30BaHNA LIS MHTEpPRpeTaLmu AMarHocT4eckon MHdopMa-
LK, NPefOCTaBNAIOLLENACA B BUAE Pa3NIMYHbIX CMIEKTPOrPaMM.

3akntoyeHue. [paKTyecKas LIEHHOCTb UCCe0BaHNUA 3aKIOYAeTCA B BOMOXHOCTUA UCMONb30BaHUs NPEeLJIOXKEHHON Hel-
POHHOI CeTW ANA pa3paboTKM CMCTEMBI aHanW3a AMArHOCTUYECKOM MHGOPMALMK B YCNIOBUAX OTCYTCTBUS 3KCMEPTOB U Npu-
MEHEHUW NpefJlaraeMblX 3HaYEHUN KOIQOULMEHT BapUaLMM UMKNA 1A NPUHATUIA PELUEHW B YNPaBNeHUN TEXHUHECKUM
CepBMCOM M PEMOHTOM.

KnioueBble cnioBa: TeXHUYECKUIA CEPBUC; CUCTEMA NJIAHOBO-NPEeAYNPeAUTENIbHOM0 PEMOHTA; HENPOHHbIE CETU.
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BACKGROUND

Machine operability can be ensured by improving
the physical and mechanical properties of materials
and the design of parts, timely and high-quality technical
service, and, which is equally important, through high-quality
repairs.

In conditions of high wear of equipment, the maintenance
and repair system must be improved. One of the options
for ensuring the quality of maintenance and repair is
improvement of the organization's technical service
management system. Using modern diagnostic systems
can also ensure timely detection of defects in components
and mechanisms. Not all enterprises with these systems
may have qualified specialists who can analyze correctly
the diagnostic information, a solution to which may be the
use of modern digital technologies.

It is worth noting that in Russia, there are two types
of maintenance and repair systems, namely, the traditional
system of planned preventive maintenance [1-4] and
the system of maintenance based on technical condition
[5-8].

This study aimed to determine the parameters
for developing a mechanism for making quality
management decisions in the process of technical
maintenance and repair of products under conditions of a
planned preventive repair system using neural network
technology.

The research was aimed at solving the following
problems:

» determination of the general aspects or principles
of implementation of a repair system for technical objects
for various purposes;

« identification of a parameter for assessing the impact
of management influences on the process of maintenance
and repair;

« analysis of the application of neural network technology
in technical diagnostics;
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« development of a mechanism for improving the technical
Service process.

ANALYSIS OF THE STATE OF THE ART

The system of planned preventive maintenance involves
the implementation of maintenance or repair of transport,
technological, and industrial equipment at certain intervals
of calendar time or operating time.

The alternation and frequency of technical maintenance
and repairs based on the national standard GOST R 20793-
2009 “Tractors and Agricultural Machines. Maintenance” are
displayed in Fig. 1.

The types of car and tractor maintenance are almost
the same. However, the period for routine repairs of tractors
is not determined by the frequency of mileage; they are
performed when necessary and combined with the next
maintenance.

For example, the maintenance of agricultural machinery
includes scheduled maintenance and overhaul and daily
maintenance, maintenance No. 1 (M-1), maintenance No. 2
(M-2), and maintenance No. 3 (M-3).

Maintenance of agricultural machines is characterized
by the fact that due to the short period of use of certain
machines, some types of maintenance are not conducted.
For example, self-propelled agricultural machines are
limited to M-2, complex machines coupled with a tractor
are limited to M-1, and simple machines (plows, tooth
harrows, cultivators for broadcast tillage) are subject
to only monthly maintenance. Meanwhile, all other
types of maintenance and repairs are performed during
the storage period.

The frequency of vehicle maintenance is determined
by mileage and varies depending on operating
conditions.

Data from the national standard GOST R 21624-81
“System for maintenance and repair of automotive
equipment. Requirements for operational manufacturability
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Puc. 1. WKkana nepMoanyHoOCTM 1 YepesoBaHWA TEXHUYECKOTO 06CyXuBaHUsA U peMoHToB TpakTopos: | — T0-1; 2 — T0-2; 3 — TO-3.
Fig. 1. Scale of frequency and sequence of maintenance and repairs of tractors: 7 — TM-1; 2 — TM-2; 3 — TM-3.
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and maintainability of products” for Central Russia and the
frequency of maintenance are summarized in Table 1.

Thus, it is typical for a planned preventive repair
system to assign equal intervals between maintenance
(repairs), which can vary for different objects depending
on the intensity and operating conditions.

The Federal State Statistics Service's “Transport of Russia.
Information and statistical bulletin” noted the average wear
in land transport of the transport industry of the Russian
Federation to be 41.9%, while the “Industrial Production
in Russia” indicated the wear value for 2021 for fixed assets
of manufacturing production to be approximately 51%.
These wear values are significant; therefore, improving
the organization of technical service currently remains
relevant. In addition, a number of factors can influence the
technical condition, namely, wear of machinery and equipment
[9] and the lack of qualified repair personnel in organizations
in various industries [10, 11].

Table 1. Frequency of maintenance types
Tabnuua 1. lNeproanyHOCTb BUA0B TEXHUHECKOTO 06CYKUBaHUS
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In addition, ensuring the trouble-free performance
of products by their functions is especially important
for industries such as transport and agricultural machinery.
The main tasks of transport include qualitative satisfaction
of the needs of the national economy and population
for transportation, and agricultural machinery must ensure
the timely completion of certain work. For example,
for agricultural organizations, there is a risk of crop loss,
and to prevent this, the crop must be harvested at a strictly
defined time.

Thus, we can highlight the general principles
of functioning of the planned preventive repair system
for such types of equipment as industrial equipment,
transport, and agricultural machines, and there is an
appointment of maintenance and repair periods at equal
intervals of time or operating time. It is worth noting that
improvement of technical service is possible by ensuring
the quality of management of this process.

Maintenance frequency

Maintenance
Product type ] ] M-1 M-2 according to
Daily maintenance vehicle log books
km, no less
: . Once a working day, regardless
Light motor vehicles of the number of work shifts 5000 20000 10000
Buses 5000 20000
Truck_s, busgs ba§ed on trucks 4000 16000
or using their main units
Trailers and semitrailers 4000 16000
All-wheel drive vehicles 4000 16000
a R R R R a
M M M M M
5280 2640

26400

Fig. 2. Diagram of the repair cycle of the 1A616 machine: R — repair; 0 — overhaul; M — maintenance.
Puc. 2. [lnarpaMma peMOHTHOro UuMKna ctaHka 1A616: R — peMoHT; 0 — KanuTainbHblii peMOHT; M — TexHu4Yeckoe obcyuBaHue.
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JKOHOMUKA, OPTAHMSALINA
NTEXHONIOTVA TPO3BOICTBA

PROBLEM SOLUTION

The review and analysis of literature sources showed
that in the process of maintenance and repair, certain
management decisions can be made, namely, searching
for a provider of maintenance and repair services, determining
the timing of maintenance and repairs, and determining
the equipment for repair.

The national standard GOST R 18322-2016 “Equipment
maintenance and repair system” adopts the concept of
“maintenance (repair) cycle” as the smallest repeating
interval of time or running time of an object, during which
all established types of periodic maintenance (repair) are
performed in a certain sequence based on documentation
requirements, and the concept of “frequency of maintenance
(repair)” as the time interval, or running time, between
a given type of maintenance (repair) and the subsequent one
of the same type or another type of greater complexity.

For tractors, their maintenance cycle is assumed to be
125 engine hours and the frequency of M-2 is 500 engine
hours; for motor cars, the maintenance cycle is 5000 km
and the frequency of M-2 is 20,000 km; for equipment (taking
the 1A616 machine as an example), the maintenance (repair)
cycle is 2640 h of operation (Fig. 1, 2).

The coefficient of variation of the maintenance (repair)
cycle to assess the effect of management influences on the
process of maintenance and repair [12]:

C, ==, (1)

where o is the root-mean-square (standard) deviation
of the actual values of the time interval (running time)
between stops for maintenance (repairs, including unplanned
ones) and y is the average value of the time interval (running
time) between the product outage for maintenance (repairs,
including unplanned ones).

According to mathematical statistics and process
control theory [13, 14], if the coefficient of variation is less
than 10%, then the degree of data diffusion is insignificant
and the process under study can be considered stable and
controllable; at 10%-25%, the degree of data diffusion is
average, the process has some deviations in the parameter(s);
at values greater than 25%, the degree of data diffusion is
large and the process has a significant scatter in parameters,
is unstable, and uncontrollable. In accordance with these
judgments, the following ranges of values of the parameter
under consideration are proposed (Fig. 3):

e 0 < C, <10 for group of products, %, which is
characterized by good technical condition, almost all
repairs are performed on schedule, minor fluctuations
in the coefficient can be associated with various
production tasks and operating conditions;

e 10 < C, < 25 for a group of products, %, which is
characterized by random failures, if they lead to significant

Tom 90, Ne 6, 2023
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losses in production, performance of the main functions

of the product, then an analysis of these causes should

be performed, followed by a possible search for other
technical service providers;

» C,> 25 for a group of products, %, which is characterized
by poor technical condition, which leads to significant
losses and the need to analyze the causes of these
failures.

Thus, the parameter under consideration in the
conditions of a planned preventive repair system allows
identifying areas of the maintenance and repair process
where management actions are necessary. If the values
exceed 10% with significant losses for repairs or exceed
25%, we propose searching for the causes of failures
and, on its basis, selecting a technical service provider
and improving the personnel competence.

Note that this coefficient may vary slightly due
to production needs, but for significant shifts, a large value
of the dispersion coefficient will occur during unplanned
shutdowns associated with recovery from an unexpected
product failure.

MECHANISM FOR IMPROVING

THE TECHNICAL SERVICE PROCESS
USING NEURAL NETWORK
TECHNOLOGY

Let us consider Industry 4.0, i.e., neural networks that can
learn based on the data provided and generalize them. Neural
network-based software products can replace experts and
specialists in their absence in various areas of management
and provide decision support.

At certain values of the V. parameter proposed in this
article in technical service management, a decision can be
made to “search for a technical service provider.”

Previous studies [15, 16] presented the possibility
of using neural network-based algorithms to assess the
level of reliability of technical service providers and their
assessment based on reviews on the internet [16]. These
algorithms can be used as an additional tool in making
decisions regarding supplier selection. Thus, neural networks
can select appropriate suppliers based on indicators such
as time of presence on the market, the ratio of positive and
negative reviews, etc. To test the ability of neural networks
to analyze positive and negative reviews on the internet,
a separate study was performed on reviews of car
maintenance services organizations with a neural network
created using Python. Its training involved using expressions
from these reviews. This neural network displayed high-
quality work with a large array of data on reviews of car
maintenance companies, which is currently one of the ways
to obtain characteristics of service providers.

Previous works [18-23] analyzed the operation
of neural networks with graphical information aiming
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" Management decisions in the process
Bl of performing maintenance and repairs 1
with different values of the coefficient
of variation (C,).

l

G<10

10<C,<25

/

" Continuation of work
with the current technical
service provider while
I expanding constantly "
 the competence of employees g

In case of significant financial
losses due to failures,
performing an analysis

of the reasons that caused
these failures

BHTE OIMHUTR MOUCK TINUYHUH
Search for the causes

of failures, selection of a new
service provider, technical
service, improvement
of the competence
of employees

-———rJ

Fig. 3. Block diagram of the application of the maintenance (repair) cycle variation coefficient in process management.
Puc. 3. bnok-cxeMa npuMeHeHns KoadduLMeHTa BapuaLmMy LMKIa TeXHUYECKOTo 06CNyMBaHUA (pEMOHTA) B YNIPaBEHUM NPOLIECCOM.

at application in technical diagnostics. For example, when
diagnosing an engine using a motor tester, oscillograms are
obtained [20], using which a neural network can determine
defects [20, 22].

Also, I.V. Karakulov [18] reported the results of vibration
diagnostics of pumping equipment obtained in the form
of vibration—velocity spectrograms. Their information was
stored in graphic files. The author developed and prepared
neural networks based on these data. Overall, good
accuracy was achieved in recognizing the technical condition
using a neural network according to the classification of
satisfactory, acceptable, and unacceptable. The neural
network in this simulation analyzed graphical information
(vibration—velocity spectrograms). A.E. Yablokov [22]
conducted an experiment in the Matlab environment
to study the ability of neural networks to operate with
graphical information that carries data on the technical
condition of an object and obtained vibration diagnostic
results for various conditions of gear units. He concluded
that the neural network recognized the states of gears from
images saved in files of 781 x 781 pix with 95% accuracy.

Another group of researchers [23] obtained the results
of vibration diagnostics of bearings with various technical
conditions and developed a neural network-based algorithm
to analyze spectrograms, showing the ability to determine
correctly the technical condition of bearings from graphical
information with 75%-80% precision.

Research data and many other similar experiments
allows drawing a conclusion on the possibility of using
neural network technology as a tool for using complex
diagnostic equipment, including in the absence of an expert.

Thus, it becomes possible to use expensive, complex
equipment in the absence of experts.

DOl https://doiorg/10.17816/0321-4443-546006

To simulate the process of defect recognition, we
consider the example of vibration diagnostics of rolling
bearings. Bearing defects may include wear on the surface
of the outer and inner rings and rolling elements. There
may be defects in the installation of rolling bearings and
lubrication defects. All of them are diagnosed by vibration
diagnostic methods when, depending on the defect, they
manifest themselves in the form of increased amplitude
at a certain frequency.

Let us consider the 6226-2RS TIMKEN bearing, which
is used in various mechanisms and industrial equipment.
Using known dependencies [24], we construct a frequency
map of the occurrence of defects.

Table 2 summarizes Fy,(F1) (which is the frequency
at which the defects in the bearing outer ring appear
with increased vibration amplitude), Fy,,(F2) (the frequency
at which the defects in the bearing inner ring appear
with increased vibration amplitude), F,(F3) (the frequency
at which the defects in the bearing separator appear
with increased vibration amplitude), and F.(F5)
(the frequency at which an installation defect manifests itself
with increased vibration amplitude). For inhomogeneous
radial interference, fp is the rotation speed of the shaft
or inner ring of the bearing, z is the number of rolling
elements, d is the inner diameter of the bearing, and D is
the outer diameter of the bearing.

To create a data set for preparing a neural network,
the rotation speed f, is assumed to be 1200 rpm or 20 Hz.
Then the defects from Table 2 will create increased
amplitude at the following frequencies for a given bearing
(Table 3).

Based on the dependencies presented in Table 2, we will
create a data set for preparing a neural network. In this set,
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the highest amplitude values will be at frequencies
that correspond to certain defects, if any exists (Table 2).
At other frequencies, it will simulate amplitudes with a value
of approximately 30% of the peak values.

The data set in this case represents a collection
of input vectors, while the output vectors correspond
to them. Each input vector X is in turn referred to the input
of the neural network, and its output is compared with a given
output vector D paired with an input vector, after which
the parameters of the neural network are adjusted in such
a way as to reduce the difference between the actual and
required output of the network.

The input vector will be formed from the frequencies
with the largest amplitudes. The output vector in this case
will be a vector with four defects, in which the frequencies
from Table 2, corresponding to these defects, will have
the largest amplitudes.

A fragment of the input signal matrix is listed in Table 4.

Accordingly, each set (row) of amplitudes at certain
frequencies can correspond to a specific defect, and
a matrix of output vectors can be obtained (Table 5).

Based on a matrix of input signals containing
200 records, a neural network was prepared in the
Deductor software package. Meanwhile, when modeling
the neural network, the following designations of types

Tom 90, Ne 6, 2023
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of defects were used: outer ring defect — DNK; inner ring
defect — DVK; separator defect — DS; nonuniform radial
interference — NRN. Thus, a neural network model was
developed, which contains 2 hidden layers of 9 neurons
in layer 1 and 10 neurons in layer 2. The graph of this
network is illustrated in Fig. 4. The sigmoid function was
used as the activation function [12, 15].

The developed neural network recognized correctly
the type of defect from the matrix of input signals and
was also able to recognize the defect from the new
values of the input signals. The simulation confirmed
that neural networks can classify or recognize a defect
based on the amplitude-frequency characteristics
of the vibration signal obtained through vibration
diagnostics.

Their ability to recognize defects expands the possibility
of using complex diagnostic equipment in the absence
of experts. Let us present the mechanism for improving
the technical service process in Fig. 5.

In this mechanism, ensuring the quality of management
decisions in the process of maintenance and repair
is achieved by using the variation parameter of the
maintenance (repair) cycle and a software product based
on a neural network, as well as neural network technology
in technical diagnostics [25, 26].

Table 2. Frequency map of defects of the type 6226-2RS TIMKEN bearing
Tabnuua 2. YacToTHas KapTa AedeKToB NoALwmMnHMKoB TUna 6226-2RS TIMKEN

Wear defects Frequency formula (sign of defect) Value, Hz

Wear defects

Quter ring defect F, .= E(l —ij F1=2.64f,
g 2 D

Inner ring defect F_ = E(Hij F2=9.36f,
8 2 D

Separator defect F = é(l —ij F3=0,22f,

2 D
Installation defects
Nonuniform radial interference F,=15f, Fs=15*f,

Table 3. Frequency of appearing of defects at /, = 20 Hz for the 6226-2RS TIMKEN bearing
Tabnuua 3. YacToTbl nposiBneHns AedeKToB npmfp =20 'y pna nopwmnuuka 6226-2RS TIMKEN

Type of defect Frequency of defect appearance during vibration diagnostics Hz (f, = 20 Tu)
Wear defects
QOuter ring defect 50
Inner ring defect 200
Separator defect: 5
Installation defects
Nonuniform radial interference 30

D0l https://doiorg/10.17816/0321-4443-546006
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CONCLUSION

Based on the analysis of planned preventive repair

systems for various types of agricultural machinery, vehicles,
and industrial equipment, the following conclusions can be
drawn:

For all studied types of equipment, equal intervals
of operating time or running time are assigned between
the same types of maintenance and repair. To identify
the need for managerial influence on the processes

Table 4. Fragment of the matrix of input signals
Tabnuua 4. OparMeHT MaTpULbI BXOAHBIX CUrHANOoB
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of maintenance and repair of a product, a cycle
variation coefficient is proposed, which is
determined by the values of time intervals (running
time) between equipment outage for maintenance
(repairs, including unplanned repair). Coefficient
values are proposed that characterize the stability
of the product repair and maintenance process.
In case of instability of the maintenance and repair
process, we proposed searching for the causes
of failures and, on its basis, selecting a new technical

—_

O 0O N o o NN

5 30 50 70
10 3 4 2
4 3 1 5
5 15 b4 3
5 4 6 5
12 4 5 4
15 5 4 3
4 15 4 4
5 16 5 4
5 4 12 3
b4 5 15 3
5 5 3 A
3 3 3 4

90 100 125 150 200
3 3 4 4 3
3 4 4 5 3
5 b4 3 4 5
6 3 5 6 20
5 3 5 4 3
3 4 4 5 5
4 3 5 5 5
4 3 b4 5 3
5 5 4 4 5
5 b4 5 3 5
5 4 3 5 15
2 2 4 3 10

Table 5. Matrix of output vectors of types of defects
Tabnuua 5. MaTtpuua BbIXoAHbIX BEKTOPOB BUAOB LedeKToB

Outer ring defect Inner ring defect

Separator defect Nonuniform radial

interference
1 0 0 1 0
2 1 0 0 0
3 0 0 0 1
4 0 1 0 0
5 0 0 1 0
6 0 0 1 0
7 0 0 0 1
8 0 0 0 1
9 1 0 0 0
10 1 0 0 0
11 0 1 0 0
12 0 1 0 0
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JKOHOMUKA, OPTAHMSALINA
W TEXHOMNOMA MPOM3BOACTBA

service provider and improving the competence
of the employees.

« |t is demonstrated that the ability of neural networks
to interpret graphical information allows using them
in technical diagnostics at the stage of analyzing
diagnostic information, which in turn leads to the use
of complex diagnostic equipment in the absence
of experts.

« Input signal matrices have been developed to elaborate
a neural network model based on the known amplitude—
frequency characteristics of vibration of bearings
for various defects. The simulation confirmed the ability
of the neural network to classify the type of defect
based on the amplitude—frequency characteristics
of the vibration signal. In our opinion, neural networks
can recognize a defect based on the results of other
diagnostic methods that provide diagnostic information
in the form of various spectrograms. The constructed
neural network model comprises 1 hidden layer with
10 neurons, layer 1 with 9 inputs, and an output layer
with 4 outputs. The sigmoid function was used as
the activation function in the neurons of the neural
network model.

« Therefore, a mechanism for improving the technical
service process is proposed, which includes

assessment of the stability of the maintenance
and repair process. Based on this assessment,
management decisions are made for the maintenance
and repair process. The mechanism also includes

Tom 90, Ne 6, 2023
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the use of neural network technology to conduct
technical diagnostics and support decision-
making in searching for a supplier providing repair
services.
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M ARen MTaATRARA IS TINATTaN~a

Improving the maintenance
and repair process

P a

— M

“Using the coefficient of variation-
of the maintenance (repair) cycle
to make management decisions

on the MRO process

0%<0%<Cv<10% 10%<Cv<25% Cv>25%

HenonwsoBanne TEXHONOMHH
The use of neural network

technology in management decisions
in the MRO process and directly
in certain MRO processes

L 7 L 7

L7

In case

Continuing to deal of significant

with the current

of the competence

of employees of the causes

of these failures

for the causes

. . financial losses . Technical
technical service . selection of a new - . ;
. due to failures, . . diagnostics  :
provider, constant . technical service .
X performing X using complex
improvement ; provider, and :
an analysis equipment

mandatory increase
in the competence

Search

of failures,

of employees

Fig. 5. Block diagram of the procedure for improving the maintenance process.
Puc. 5. bnok-cxeMa MexaHW3Ma coBepLUEHCTBOBaHS MPOLIECCa TEXHUYECKOIO CepBuCa.

aBTOPCTBA MeEX[yHapoaHbiM Kputepuam ICMJE (Bce aBTo-
Pbl BHEC/IM CYLLECTBEHHBIA BKMaA B Pa3paboTKy KoHLen-
UMM, NpOBEAEHMEe WCCNENO0BaHWA M MOATOTOBKY CTaTbM,
npoYnM 1 0ao0bpunmn GUHaNbHYlD Bepcuio mepeq nybnu-
KaLmen).
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