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2 Clarivate
Analytics

NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by
Clarivate Analytics to be accepted in the Science Citation Index Expanded, the Social
Sciences Citation Index, and the Arts & Humanities Citation Index. The quality and depth
of content Web of Science offers to researchers, authors, publishers, and institutions sets it
apart from other research databases. The inclusion of News of NAS RK. Series of geology
and technical sciences in the Emerging Sources Citation Index demonstrates our dedication
to providing the most relevant and influential content of geology and engineering sciences
to our community.

Kaszaxcman Pecnybnukacer ¥immuolx 2oiivim akademuscol « KP YA Xabapnapwr. ['eonocus
JICOHE MEXHUKANBIK RbLILIMOAD CepUsiColy &blibiMu dicypHanviubly Web of Science-min
arcayananean nycxacol Emerging Sources Citation Index-me unoexcmenyee KabulioanHeanwin
xabapaaiiovl. Byn unoexcmeny oapvicoinda Clarivate Analytics komnanuscol JHcypHAIOb
o0an api the Science Citation Index Expanded, the Social Sciences Citation Index scane the
Arts & Humanities Citation Index-xe kabuvinioay macenecin xapacmoipyoa. Webof Science
sepmmeywinep, agmopiap, 6acnawibliap MeH MeKemenepze KOHmeHnm mepenoici MeH
canacwin yeoinaowvl. KP YFA Xabapnapel. eonoeust scane mexHUKAIbIK 2bLIbIMOAP CEpUsicol
Emerging Sources Citation Index-xe enyi 0i30iy Koamoacmulx ywin ey 03eKmi dcone
6e0endi eeonocus JHcoHe MEXHUKATIBIK bLILIMOAP OOUbIHULA KOHMEHMKe A0an10blebiMbI30bl

6in0ipeoi.

HAH PK coobwaem, umo nayunvii scypuan «Mseecmuss HAH PK. Cepusa ceonocuu u
MeXHUYecKux Hayk» Ovlin npunsm 015 unoexkcuposanusi 6 Emerging Sources Citation Index,
obnosnennol sepcuu Web of Science. Codeporcanue 6 3mom uHOEKCUPOBAHUL HAXOOUMCS
6 cmaouu paccmompenusi komnanuei Clarivate Analytics 0as Oanvheuuie2o npuHAmMu
acypnana 6 the Science Citation Index Expanded, the Social Sciences Citation Index u
the Arts & Humanities Citation Index. Web of Science npednacaem xauecmeo u enyoumy
KOHmeHma O ucciedogamenell, asmopos, uzoameneii u yupedxcoeHull. Brmouenue
Uszeecmua HAH PK. Cepus ceonocuu u mexuuueckux Hayk ¢ Emerging Sources Citation
Index demoncmpupyem nauty npusepiHceHHOCHb K Hauboiee akmyaibHOMY U GIUAMETbHOMY
KOHMEHMY NO 2e0102UU U MeXHUYeCKUM HAYKAM 0I5l Haule2o coooujecmad.
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APPLYING ELEMENTS OF A TOTAL EQUIPMENT CARE STRATEGY
TO ANALYZE THE OPERATION OF MINING MACHINERY
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Abstract. The Total Productive Maintenance (TPM) strategy includes a group
of actions and activities to keep machines up and running free of breakdowns
by striving to limit the number of machine failures, unscheduled shutdowns,
deficiencies and unscheduled maintenance. These actions are aimed at increasing the
efficiency of using the company’s existing devices and machines. A very important
element of this strategy is the connection of technical activities with changes
in their perception by employees. While the fundamental goal of implementing
this strategy is to increase the economic efficiency of the enterprise. Growing
competition and the need to reduce production costs lead to the fact that mining
enterprises are forced to implement this strategy. The article presents examples
of using the OEE model to quantify selected mining devices. The OEE model
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is a quantitative tool for the TPM strategy and can be the basis for further work
related to its implementation. OEE is the product of three components, including
the availability and performance of the machine under study, and the quality of
the resulting product. The results of a study on the effectiveness of utilizing a set
of mining machinery within the longwall system, the primary component of coal
mining operations, are detailed in the article. The machinery set under examination
consists of a longwall miner, a reinforced face conveyor, and a crusher. In terms
of reliability, the analyzed machinery set forms a system with a serial structure.
The study relied on data collected by an industrial automation system implemented
in mining operations, ensuring high reliability and full temporal synchronization
of the data. The insights derived from the study are meant to be applied towards
reducing breakdowns and failures, minimizing unplanned downtimes, enhancing
productivity, and elevating the quality of products.

Keywords: mining, machines, diagnostics and testing of machines, efficiency
of use
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’KOCTIap/IaH THIC TEXHUKAJIBIK KbI3MET KOPCETY/l MIeKTey HUETIMEH MalllnHaIap bl
aKayChl3 JKOHE aKayChl3 ycray OOMBIHINIA ic-IIapajap MEH opeKeTTep TOOBIH
KaMTuabl. bynm opekerTep KoMmmaHusiia Oap KypbUIFBUIAp MEH MalldHajIapIIbl
naijanaHy THIMIUIITIH apTThIpyFa OaFbITTanFaH. bysl CTpaTerusHBIH oTe
MaHBI3/IbI AJIEMEHTI TEXHUKAJIBIK KBI3MET MeH KbI3METKepIIep/IiH KaObUIIay bIH IaF bl
e3repicTep apachlHaFrbl OaiIaHbIC OO TaObUIAABL. Byl cTparerusHel xysere
ACBIPY/IBIH HETI3T1 MaKCcaThl KOCIMOPBIHHBIH YKOHOMHKAIBIK THIMIUTITIH apTThIPY
OobIn TaObLIabl. bocekenecTiKTiH KYIIei ®KoHe OHIIpiC MIBIFBIHIAPBIH a3aiTy
KOKETTUTITI Tay-KeH OHAIPYIIi KOCIMOPBIHAAPABIH J1a OChl CTPATETHSHBI JKy3ere
acelpyra MOKOyp OomybiHa okeneni. Makanaga TaHIajdFaH Tay KYpBUIFBUIAPBIH
caunplk Oaramay ymin OEE wmopenin maiinamany meicangapel OepinreH. OEE
mozeni TPM cTpaTeruschlHbIH CaHIBIK Kypasbl OOJBIT TaOBUIAAbI KOHE OHBI
Ky3ere acblpyra OaillaHBICTBI OZaH 9pi >KyMbIC yIIiH Heri3 Oona amaael. OEE
WHAWKATOPBI YII Kypamjac OeJKTiH eHiMi OoJbIl TaObLIaAbl, OHBIH IIIiHIE
3epTTENEeTiH MaIlMHAHBIH KOJDKETIMAUIITT MEH OHIMJLIIT, COHJai-ak ajbIHFaH
OHIMHIH carachkl. Makanana KeMip eHIIpyIiH TEXHOJIOTHSIIBIK XKeTiCiHiH OipiHITi
JKOHE MaHBI3/IbI OyBIHBI OOJIBIN TAOBUIATHIH JaBaHBIH KYpaMbIHA KipeTiH Tay-KeH
MalllMHaJaphl KeNIeHIH MaifanaHy THIMIUITIH Talfay HOTWKelepi OepiireH.
TangaHaTelH MamIMHaNAp KEIICHIHE JlaBa KOMOAIHBI, apMaTypalaHFaH YHFbIMa
KOHBeliepi koHe ycakrarbll Kipai. CeHIMAUTIK TYpFBICBIHAH TaJiaHAaThIH
MallMHalap KeHIeHI CepUsUIBIK KYPBUIBIMMEH CHMATTalaThH JKylde OOJbI
taObuTagpl. Tangay maxranapia KOJJAHBUIATHIH OHEPKICINTIK aBTOMATTaHIBIPY
KYHECIMEH jKa3bUIFaH JIEPeKTep HeTi3iHe Kyprizimmi. Jlepekrepii >KuHayIbIH
OyJ1 ofmici oJapAbIH KOFaphl CEHIMIIUTITIH JKOHE TOJNBIK YaKBITTHI CHHXPOHIAYIBI
KaMTaMachl3 eTTi. 3eprreyiep MeH TanaylapiblH HOTWKeNepl Oy3buTylapibl,
aKayJap/ipl J)kOHE JKOCHaplaH ThIC TOKTal KalyAbl a3alTy, OHIMIUIIKTI apTTHIPY
’KOHE OHIM CarachlH KaKCapTy YIIiH MaiaJaHbuTybl KEpeK.

Tyiiin ce3nep: Tay-keHOHEPKICiOl, MalTMHAIAP, MAITHAIAPIbI JHarHOCTUKATIAY
YKOHE ChIHAY, Al aany THIMILTIT]
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Annortauus. Crparerus Total Productive Maintenance (TPM) Bkiroyaer B
cels rpymIy MEpONPUATUH U ACHCTBUMN 10 MOAJICPKAHUIO MAIllUH B 0€30TKa3HOM
COCTOSSHMM M 0e3 MOJOMOK Onarofapsi CTPEMJICHHIO OrPaHUYHTh KOJIHYECTBO
OTKA30B, HE3aIUIAHUPOBAHHBIX OCTAHOBOK, HEJIOCTAaTKOB M HE3AIUIAHUPOBAHHOIO
OoOCITy)XKMBaHUSI ~MallMH. OTH JCHCTBHS  HampaBlieHbl Ha  ITOBBILICHHUE
3 PEKTUBHOCTH HCIIOIB30BAHMS UMEIOIIUXCS B KOMIIAHUM YCTPOMCTB U MallHH.
OueHb BaXXHBIM DJJIEMEHTOM JTOW CTPaTernu SBISIETCA CBA3b TEXHUYECKHUX
MEpONpPUATUH C U3MEHEHUSIMU B MX BOCIPUATUH COTpyIHUKaMH. B To Bpems kak,
OCHOBOIIOJIararoliel 1eabl0 BHEAPEHUS 3TOW CTpaTerdH SIBJSETCS MOBBIIICHHE
SKOHOMHYECKOH 3(dekTuBHOCTH mnpennpusiTis. PacTymas KOHKypeHIUs U
HEOOXOJMMOCTh CHIKCHHUSI M3JEPKEK MPOM3BOJICTBA MPUBOAUT K TOMY, YTO U
rOpHOAOOBIBAIOLINE IPEANPHUATHS BEIHYKICHBI BHEJPSTH ATy CTpareruio. B crarbe
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MpeACTaBIeHbl TPHUMeEpsl Hcnonb3oBaHus Mozxenun OEE uid konnuecTBeHHOU
OLICHKH BBIOPAaHHBIX TOPHBIX ycTpoicTB. Mozaens OEE sBisieTcst KoianyecTBEHHBIM
WHCTpyMeHTOM cTpareruu TPM u MOKeT OBITh OCHOBOW JIJISl JAIbHEHIIINX PadoT,
CB3aHHBIX Cc ee BHeapeHueM. llokasarens OEE sBnserca mpomykToM Tpex
COCTaBJISIIOLINX, BKIIOYAIOIIUX JOCTYITHOCTb U POU3BOJUTEIBHOCTD UCCIEIYEeMOI
MAaIllMHBI, a TAKXKE KadeCTBO IMOJIy4aeMOro NpoaykTa. B craTbe mpeacTaBieHBI
pe3ynbraThl aHanu3a 3PPEeKTUBHOCTH UCIOIb30BaHMsI KOMIIJIEKCAa TOPHBIX MAIlUH,
BXOJSIIIMX B COCTAB JIaBbl, KOTOPAs SIBISICTCS MIEPBBIM U HanO0JIee BasKHBIM 3BEHOM
B TEXHOJIOTHUECKON JIMHUU JTOOBIYM YITIsl. B cocTaB aHAIM3MpyeMOro KOMILIEKCa
MAIlIMH BOIIIM KOMOAITH JIaBbl, apMUPOBAaHHBIN 3a00MHBIN KOHBEHEp W APOOHIIKA.
C ToukmM 3peHMs HaJEKHOCTH, aHATU3UPYEMbII KOMIUIEKC MAllliH MPECTABIsAET
c0001i CUCTEMY, XapaKTEPU3YIOMIYIOCS CEpUHHON CTPYKTYPOH. AHAIN3 IIPOBOAHICS
Ha OCHOBE JJaHHBIX, PETUCTPUPYEMBIX CHCTEMOM MPOMBIIIIJICHHONH aBTOMaTH3aIHH,
UCTIONIb3yeMOH B maxtax. Takoi croco® cOopa JaHHBIX 00€CHEeUH UX BBICOKYIO
JOCTOBEPHOCTD U TOJHYIO BPEMEHHYIO CHHXPOHH3aUMIO. BBIBOIBI, caeIaHHbIe B
pe3ynbraTe NpOBEICHHBIX CCIIEIOBAHUH U aHAJIN30B, 10JIKHBI OBITh HCIIOIb30BaHBI
JUISl CHUKEHUS KOJIMYECTBA MOJIOMOK, OTKa30B M HE3aINTaHMPOBAHHBIX MPOCTOEB,
YBEJIUYCHHSI TPOU3BOANTENLHOCTH 1 TIOBBILICHHUS KAY€CTBA MTPOLYKIIHH.

KiroueBble ciioBa: TOpHAs NPOMBIIUICHHOCTb, MAIIMHBI, THACHOCTHKA U
UCTIBITaHUE MAIIWH, 3)()EKTUBHOCTD UCTIONb30BAHUSL.

Introduction. Greater competition in the global energy market forces raw
material producers to take actions aimed at reducing the cost of production. One
of the areas where there are large reserves related to this issue is the efficiency of
utilisation of own machinery and equipment.

In coal mining operations, in order to optimise the use of machines, it is necessary
to take actions that help to select machines according to the operating conditions
and keep them in good condition. To assess the effectiveness of these actions, it is
justified to use elements of the Total Productive Maintenance (TPM) strategy. The
main objective of this strategy, is to improve the efficiency of equipment utilisation
and change the perception of this problem by workers.

Total Productive Maintenance strategy comprises a group of activities and
actions aimed at keeping machines in a fault-free and breakdown-free state through
the tendency to limit machine failures, unplanned stoppages, deficiencies and
unplanned maintenance (Balovtsev, et al., 2024; Gendler, et al., 2016; Gridina, et
al., 2022; Karlina, et al., 2023).

These actions are designed to increase the efficiency of utilisation of the devices
and machines available in the company. A very important element of this strategy
is to link technical actions to changes in employee perception of them. While the
fundamental objective of implementing this strategy is to increase the economic
efficiency of the company (Kondrat’ev, et al., 2022; Evdokimov, et al., 2024).

Increasing competition and the need to reduce the cost of production leads to the
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fact that mining companies are also forced to implement this strategy (Kondrat’ev,
etal., 2016).

The article discusses ways to improve the efficiency of equipment utilisation
in the mining industry. It highlights the concept of Total Productive Maintenance
(TPM), which is a comprehensive approach to maintenance, and highlights the
main principles and benefits of its application. The application of this strategy
helps to improve equipment performance and longevity by reducing the probability
of failures, losses, downtime, accidents, malfunctions, errors and damage. It
is particularly important to increase awareness and responsibility among those
involved in the operation of these devices (Gridina, et al., 2023; Gridina, et al.,
2022; Rodionov, et al., 2022).

The paper provides examples of the use of Overall Equipment Effectiveness
(OEE), a system for analysing overall equipment performance designed to monitor
and improve production efficiency for the evaluation of selected mining machines.
The OEE model is a quantitative tool for TPM strategy and can be the basis for
further work related to its implementation (Kondratiev, et al., 2022).

The OEE score is the product of three components, which include the availability
and performance of the equipment under study, and the quality of the resulting
product.

The article presents the results of analysing the efficiency of using the complex
of mining machines that make up the longwall face, which is the first and most
important link in the technological line of coal mining.

The analysed set of machines consisted of a shearer with a face, a conveyor
with an armoured face and a crusher (Skopintseva, et al., 2021; Teplyakova, et al.,
2022; Zhukov, et al., 2022). From the reliability point of view, the analysed set of
machines is a system that is characterised by a serial structure.

The analyses were based on data recorded by the industrial automation system
used in the mines. This method of data collection ensured high reliability and full
temporal synchronisation. The findings from the research and analysis should be
used to reduce breakdowns, failures and unplanned downtime, improve productivity
and product quality (Balovtsev, et al., 2024; Bosikov, et al., 2022; Kubrin, et al.,
2022).

Characteristics of TPM strategy. The TPM principle emphasises not only the
maintenance of optimal equipment condition, but also the development of human
resources potential. The key ideaof TPM is to involve every employee of the company
in the process of maintaining equipment in good condition to ensure uninterrupted
production. The benefits of TPM are manifested through the elimination of losses
and defects, contributing to increased productivity and efficiency of production
activities (Korshak, et al., 2019; Korshak, et al., 2020; Palyanitsina, et al., 2021).

The goal of the TPM strategy includes proactive fault prevention, aimed at
avoiding possible failures and defects associated with losses. The essence of the
TPM concept is to broadly penetrate the perceptions of all employees who, in the
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course of their activities, seek preventive measures to avoid unforeseen situations
and achieve the “three zeros” standard:

- no accidents;

- no damage and no failures;

- minimising downtime.

The idea of “three zeros” within TPM, although illusory, is a key incentive for
continuous improvement. Production management actions within TPM aim to
prevent contingencies and ensure an ideal state devoid of distortions and errors.
The TPM approach seeks to eliminate 16 types of production losses, openness to
preventive measures and regular replacement of worn parts to prevent failures and
downtime. Focused on maintaining quality, TPM contributes to product quality and
customer satisfaction (Korshak, et al., 2023; Kusimova, et al., 2023; Pshenin, et al.,
2023).

An important aspect of TPM implementation is teamwork, changing the
traditional division of labour into those responsible for maintenance and production.
All employees must actively participate in the care of the equipment to ensure the
highest productivity. By implementing the TPM concept, production efficiency is
achieved through collective problem solving and a shared sense of responsibility.
According to Nakajima, the fundamentals of TPM include maximising equipment
utilisation, maintenance system, departmental co-operation, active participation of
all employees and encouraging autonomous work by operators (Zhikharev, et al.,
2023).

TPM strives for efficient utilisation of equipment and improvement of the
company’s performance. The implementation of this strategy requires organisational
and technical measures, starting with an analysis of the current state and ending
with an evaluation of the results after the changes have been implemented.

Characteristics of the OEE model. One tool for quantifying the baseline
condition as well as for subsequently evaluating changes is the Overall Equipment
Effectiveness (OEE) model. The application of this model provides an overall
performance measure that is the product of three individual measures, including
availability, productivity, and quality. The OEE value describes, as a percentage,
the possibility of achieving an efficiency specific to a particular machine or set of
machines. Through a certain value, it is possible to determine the level of utilisation
of the potential of the equipment under study and find areas that need improvement
(Rodionov, et al., 2023).

OEE can be calculated for an entire production line (set of machines) to identify
the areas where the greatest losses occur. This approach allows the causes of losses
to be identified and eliminated. Whereas in the case of a set of machines working
individually, the OEE value can identify the machine that is characterised by the
lowest efficiency. The performance of such machines should be analysed in more
depth to determine the reasons for this negative condition.

In practice, it is considered that the ideal world class percentage level for the
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three partial OEE indicators should be: in the case of accessibility, 90 per cent,
performance, 95 per cent, and quality, 99 per cent. Based on these values, the
OEE value should be around 85 %. It is assumed that 85 % is the ideal result that
companies applying the Total Equipment Effectiveness model should strive for.

The overall equipment efficiency model analyses three areas including
availability and performance of machines or devices, and product quality. For each
domain, a coefficient value is determined. OEE is the product of the three calculated
components (Khalikov, et al., 2023).

Figure 1 shows the relationships between total time, planned time, working
time, working time, net working time, fully productive time and major machine
maintenance losses (Sorokova, et al., 2023).

Total time

|Planned production time| | Planned shutdown |

® Breakdowns

|Operat|ng time | | Downtime Iosses| T " |e Set up and adjusting

® Minor stoppages

| Net operating time | | Speed Iosses| — | o reduced speed
Fully Qualiy e Defects
productive time losses ® Yield losses

Fig. 1 - The relationship between time and the main losses in the process of servicing machines

Results and Discussion. Using the OEE model to analyse the performance of
mining machinery. Mining equipment used in underground coal mining operations
operates under very demanding conditions. In particular, shearers and scraper
conveyors are directly involved in the extraction and transport of mined material
from the face. These machines with roof bracing and crushers constitute mechanised
longwall face complexes (Fig. 3). The purpose of these complexes is to ensure safe
and efficient coal mining. Due to the high cost of these machines and their vital
importance in the coal mining process line, companies are keen to maximise their
use. This is as much about availability and productivity as it is about the quality of
the coal being mined (Shtang, et al., 2021).

In this case, the set of machines that make up the mechanised face complex was
analysed.

The set of machines analysed included a long bench harvester, an armoured
conveyor and a crusher.

The analyses were based on data recorded by the industrial automation system
used in the mines.

This method of data acquisition ensured high reliability and full time
synchronisation.
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The basis of the analysis was the determination of the accessibility of the tested
machines. Underground observations and expert interviews clearly showed that the
availability of the tested machines has the greatest influence on the efficiency of
their utilisation. Therefore, data from the industrial automation system was used to
determine the availability of the machines under study. This data made it possible
to determine the duration of the recorded parameters. Figure 2 shows an example
of the operating time of a combine harvester and the current consumed by its feed
motors. On the contrary, Figure 3 shows the running time of the current consumed
by the conveyor motors of the armoured face conveyor (in the face) and the cruiser.
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Fig. 2 - Time diagrams of the speed of movement of the combine and the current consumed by its
feed motors
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Fig. 3 - Timing diagrams of the current consumed by the motors of the conveyor with an armoured

surface and the crusher
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The performance of individual machines was determined based on estimated
mining volumes in individual shifts related to their nominal capacity, which was
determined for a particular longwall face. The quality indicator was established on
the basis of information obtained from the preparation plant concerning the range
of coal extracted and the gangue content of the ore (Konyukhov, et al., 2023). These
data were determined as averages over a ten-year measurement period.

The data thus obtained became the basis for determining the average of partial
OEE and machine set rates over twenty-five work shifts (Figure 4).

Armored face conveyor

Cruscher

Shearerr

The set of machines

0 10 20 30 40 50 60
OEE indication, %

Fig. 4 - Efficiency values for tested machines over 25 work shifts

Conclusions. The main problem of the underground coal mining industry is the
inefficient use of mining machinery. The machines that are currently used in the
mining industry are very expensive, so it is necessary to take measures to maximise
their use.

The analysis of the use of the OEE model to evaluate the efficiency of mining
equipment utilisation presented in the paper should be an important source of
information for mine maintenance services to improve the utilisation of these
machines.

Certain OEE values for each machine and for the whole machine set clearly
indicate that they are at a low level. It would therefore seem necessary for the
relevant departments of the mine to take action to improve the values of these
factors. The values given for these factors, especially when compared to the values
for machines operating in other industries, are unsatisfactory. It may therefore be
assumed that there is much room for improvement in the mining industry, mainly
through appropriate labour organisation.

When assessing the degree of utilisation of mining equipment, the specifics of
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mining operations must also be taken into account. There are many random factors
in this process that are difficult to foresee in such an operation. These can have a
negative impact on the efficiency of mining equipment. In particular, this applies to
all sorts of hazards and the dynamic impact of rock. Despite these challenges, it is
worthwhile to carry out such analyses in order to optimise the entire mining process

The results obtained should be an important source of information for the mine
maintenance services and improvement measures should be taken based on them.
Creating the conditions to maximise the utilisation of machines and at the same
time keeping them in good technical condition should be a priority for maintenance
services in coal mines. The results presented in this paper should be seen as one
step in an extensive research process that aims to fully analyse machine utilisation
in the mining industry.
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