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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 ¥immulx 2oiivim akademusicol « KP ¥FA Xabapnapwl. I'eonocus
JICOHE MEXHUKANBIK ZbLIbIMOAP CepUsChly bLibiMU dHcypHanviubly Web of Science-min
arcayananean nycxacol Emerging Sources Citation Index-me unoexcmenyze KabulioaHeaHbiH
xabapnaiiovl. Byn unoexcmeny oapvicoinda Clarivate Analytics komnanuscol JHcypHAIObL
o0an api the Science Citation Index Expanded, the Social Sciences Citation Index scane the
Arts & Humanities Citation Index-xe kabuvinioay macenecin xapacmeipyoa. Webof Science
sepmmeywinep, agmopiap, 6acnawibliap MeH MeKemenepze KOHmeHnm mepenoici MeH
canacwin yevlnaowvl. KP YFA Xabapnapwl. eonoeus scane mexHUKAIbIK 2blIbIMOAp Cepusicol
Emerging Sources Citation Index-xe enyi 0i30iy Kozamoacmulx ywin ey 03ekmi dcoue
6e0endi eeonocus JHcoHe MEXHUKABIK bLILIMOAP OOUbIHULA KOHMEHMKe A0an0blebiMbl30bl

6indipeoi.

HAH PK coobwaem, umo nayunvii ocypuan «Mseecmuss HAH PK. Cepusa zeonozuu u
MeXHUYecKux Hayky» ool npunsim 015 unoexcuposanus 6 Emerging Sources Citation Index,
obnosnennol sepcuu Web of Science. Codepoicanue 8 3mom uHOEKCUPOBAHUU HAXOOUMCS
6 cmaouu paccmompenusi komnanuei Clarivate Analytics 0as OanvHeuuezo npUHAMUA
acypnana 6 the Science Citation Index Expanded, the Social Sciences Citation Index u
the Arts & Humanities Citation Index. Web of Science npednazaem xauecmeo u enyoumy
KOHmeHnma O ucciedogamenell, asmopos, uzdameneli u yupedxcoeHuti. Bxmouenue
Hszeecmua HAH PK. Cepus ceonozuu u mexuuueckux Hayk 6 Emerging Sources Citation
Index demoncmpupyem nauty npusepiceHHOCHb K Hauboiee akmyaibHOMY U GIUANETbHOMY
KOHMEHMY NO 2e0102UU U MeXHUYeCKUM HAYKAM OISl Hauie2o coodujecmad.
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I'naBHbIii perakTop

KYPHUHOB Mypar KypuHoBHUY, TOKTOp XUMUYECKHUX HayK, mpodeccop, akagemuxk HAH PK,
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Kurait) H = 25
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akagemuk PAH, MHCTHTYT HedrerazoBoii reonorun u reopmsuku uM. A.A. Tpopumyka CO PAH
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CHALLENGES OF MODERNIZING AND OPTIMIZING THE PROCESS
OF IM-PLEMENTING CYCLICAL-FLOW TECHNOLOGY IN A COAL
MINE

Toshov Javokhir Burievich — Tashkent State Technical University named after I. Karimov, Doctor
of Technical Sciences, Dean of the Faculty of Energy Engineering, Tashkent, Uzbekistan, e-mail:
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Yelemessov Kassym Koptleuevich — Satbayev University, Candidate of Technical Sciences,
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Baskanbaeva Dinara Dzhumabaevna — Satbayev University, PhD, deputy director of the Institute
of Energy and Mechanical Engineering, Almaty, Kazakhstan, e-mail: d.baskanbayeva@satbayev.
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Abstract. In connection with recent economic events in the world, the problems
of providing countries with energy resources have become particularly relevant.
A special role in solving these problems belongs to the mining enterprises of
Uzbekistan, which today are characterized by the further development of the open-
pit mining method, one of which is the Angren coal mine.

The main task, its relevance, is to present one of the ways to model the optimal
options for the operation of cyclic flow t echnology i n d ifficult con ditions of
stripping operations.

The methods used. In this work, finite e lement m ethods a nd mathematical
modeling based on the computer program “Ansys” were used to model the structures
of the Central Processing Plant in order to determine the optimal parameters of the
unloading and loading bunkers of the central processing plant of the Angren site.

The main hypotheses and conclusions. The work carried out, the main factors
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affecting the integrity of the belt were identified: the tensile strength of the main
belt when unloading rock by the unloading and loading hopper of the Central
Processing Plant at various belt speed parameters.

Originality. The purpose of this study is computer simulation of the CPU
operation process based on the program “Ansys”.

Practical significance. The calculation methods used in this study using the
finite element method based on the Ansys program can be used to determine the
causes of belt conveyor gusts during its operation in various production conditions,
when choosing the optimal technical parameters of structures: the height of the
production hopper, the speed of the conveyor belt, its angle of inclination and the
material of the belt itself

Keywords: conveyor belt, main belt, quarry, modeling, Ansys, mining
engineering.
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epekiie e3eKkTi 0oa 6actaapl. byl nar 1apbICTHI IIETITyIe epeKIe pos O30eKCTaHHBIH
Tay-KeH OHIIpy KOCIMOpbIHAapbhlHA THECUT, onap OYTiHTi TaHAa KapbepAi aliblK
o/IiCTIeH OHIPY/IIH O/laH 9pi JaMYbIMEH CUIIATTAIA (bl XKOHE OJIAP/IbIH Oipi AHTpEH
KOeMIp KEHIIIl 0OJIBIT TaObUIA B

183


mailto:d.baskanbayeva@satbayev.university
https://orcid.org/0000-0003-4278-1557
https://orcid.org/0000-0001-6168-2787
https://orcid.org/0000-0002-9941-0821
https://orcid.org/0000-0002-9941-0821
https://orcid.org/0000-0003-3106-144X
mailto:d.baskanbayeva@satbayev.university
mailto:d.baskanbayeva@satbayev.university
https://orcid.org/0000-0003-1688-0666

NEWS of the National Academy of Sciences of the Republic of Kazakhstan

Marepuangap MEHHET13Ti9IicTepi—KeMip KapbepIepiH/Ie apITy )KYMBICTAPIHBIH
KYpAemi KaraalblHAa HUKJIOIK-aFbIHABl TEXHOJOTUSHBI MaiiiajJaHyAblH OHTAIIbL,
opi THIMAI HYCKaNapblH MOAEIBACY JKOIIAPBIHBIH O1p TYP1 YCHIHBUIABI.

Herisri KongaHpareH agictep, Oyi1 xKyMbIcTa « AHTpeHCcKui» kecingicinin CPT
TYcipy-Tuey OyHKepJepiHiH OHTalIbl HapaMeTpiepid aHblkTay Makcarbiaga, CPT
KOHCTPYKUHMSUIAPBIH MOJETbACY Ke3iHae «Ansys» KOMIBIOTEpIiK OarmapiaMacsl
Herisre anbiHaabl. COHFBI DJIEMEHTTED MEH MaTeMaTHKAJBIK MOJEIbILY d/icTepi
KOJIZIAHBII/IBI KOHE OChI MaKalia/ia skaz0a TYpiHe KeATipisi.

Herisri runore3anap MeH KOpBITBIHABUIAP. JKYPri3iireH KyMbIC HOTHXKECIHAE
TaCHaHbIH TYTACTHIFBIHA 9CEP €TETiH HeTi3ri (hakTopiap aHBIKTAIIBL KEHXKap
KOHBEHEPIHIH, MAaruCTPAIBIBIK TacClaHbIH, KOHBEHEp KENiCiHIH Keybey
OYpBIIIBIHBIH, OyHKEp/iH OWIKTITIHIH JKOHE MalJaJlaHbLUIaThIH  TacCHaHbIH
MaTepUalbIHbIH CalachblHBIH OPTYpJi MapaMeTpiepi >KardailbiHOa OyHKepre
XKBIHBICTBI TYCIpY Ke31HJle MaruCTPajbIbIK TACHAHbIH Je(OpPMaLUACHIHBIH KEPHEY
KYILIi €CETIKe aJIbIHa OTBIPHII, KOPBITHIH/IBI HOTHKENIEP] capaIaHbl.

O3inzik epekumieniri. bynm 3eprrey «Ansys» OarmapiaMachkl HeTi3iHJE
Kyprizinrenin  eckepcek, CPT maiimanaHy mnponeciH KojiJaHa OTBIPHII,
KOMIBIOTEPIIK MOJICJIBACY Tl TapblH aHKbIHAAFbIMbI3 KEII.

IIpakTukanslk MaHbI3bl. OCBI 3€pTTEYAE KOJAAHBUIFAH «Ansys» OarmapiaMacsl
HETi3IHAE€ COHFBl 3JCMEHT OJICIH KOJJaHa OTBIPBIT €CENTey SiCTepl
KYPBUTBIMAAPBIH OHTAWIBl TEXHUKANBIK MapaMeTpiepiH ecenKe aja OTHIPBII:
naiiganaHy OyHKepiHiH OWIKTIriH, KOHBEHep TaclachlHBIH >KbUIIAMIIBIFBIH,
OHBIH KeJibey OyYpBIIIBIH JKOHE JI¢ TaClaHblH MaTepUaJIbH TAHAAFaH Ke3le, OHbI
OPTYPIIi OHIIPICTIK JKaFAaiIapaa maigaiany MpomeciH eCKepe OTHIPHIT, TACIabI
KOHBelepIiH HMITYJIbCTapBIHBIH CEOCTITEPiH aHBIKTAaYFa KOJ JKETKI3 K.

Tyiiin ce3aep: xoHBeliep, HEri3ri Tacma, Kapbep, MOAENbACY, ANsys, Tay-KeH
WH)XEHEPHSCHI.

© K. Towos!, K. Esemecon?, V. baiina3os', T. AHHaKyJI0B!,
JI. Backan6aesa*?, 2024.
'TamKeHTCKUH TOCYIapCTBCHHBIN TEXHUYECKUI YHUBEPCHUTET,
Tamkent, Y30ekucras;
2 Satbayev University, Anmarsi, Ka3axcraH.
E-mail: d.baskanbayeva@satbayev.university

MPOBJEMbBI MOJEPHU3ALIMU U OIITUMHU3ALIUU ITPOLHECCA
HCHOJb30BAHUA HUKJIUNYHO-IOTOYHOM TEXHOJIOTMU HA
YI'OJIbHOM PA3PE3E

Tomos 7KaBoxup BbypueBnu — TamkeHTCKMH TOCyJapCTBEHHBIH TEXHUYECKHH YHHUBEPCUTET
nmenn Y. Kapumosa, TOKTOp TEXHHYECKHMX HAyK, JAeKaH DHEPreTHIecKoro (axynpreTa, TamkeHT,
VY36ekucran, e-mail: j.toshov@tdtu.uz, https://orcid.org/0000-0003-4278-1557;

EnemecoB Kacsim KontieyeBuu — Satbayev University, KaHARAAT TEXHUUECKUX HayK, podeccop,
JUPEKTOp HHCTUTYTa DHEPreTHKHU M MAaIIMHOCTpoeHus, Anmartsl, Kasaxcran, e-mail: k.yelemessov(@
satbayev.university, https://orcid.org/0000-0001-6168-2787,

184


mailto:d.baskanbayeva@satbayev.university
https://orcid.org/0000-0003-4278-1557
https://orcid.org/0000-0001-6168-2787

ISSN 2224-5278 6.2024

Baiinazos Ymma PaiimoBnu — goktopaHT, TamKeHTCKHH TOCYTapCTBEHHBIH TeXHHYECKuit
ynuBepcurer uMenu Y. Kapumosa, Tamikent, Y36ekucran, e-mail: ub629418@gmail.com, https://
orcid.org/0000-0002-9941-0821;

AnnakyjgoB Tyakun 7KoyGexoBmu — PhD, TamkeHTCKMiI rocyrapcTBEHHBIH TEXHHYECKHIt
yHuBepcuter uMenn M. Kapumosa, 3aBenyromuii kadenpoit ropHoit anekTpoMexaHukH, TallkeHT,
V36ekucran, e-mail: a.tulkin1275@yandex.ru, https://orcid.org/0000-0003-3106-144X;
Backan6aeBa /lunapa JI:xymadaesna — PhD, Satbayev University, 3amecturens aupekTopa
MHCTUTYTa OHEPreTHKM M MAaIIMHOCTpOoeHHs, Aumarel, Kasaxcran, e-mail: d.baskanbayeva@
satbayev.university, https://orcid.org/0000-0003-1688-0666.

AHHoOTanus. B cBs3M C MOCHETHUMH YKOHOMUYECKUMH COOBITHSAMH B MHPE
0co0yI0 aKTyaJbHOCTh MPHOOPETAIOT MPOOIEeMBbl O O0ECIIEUEHHIO CTPaH JHep-
reTuueckumMu pecypcamu. Ocobast poib B PEUICHUH 3TUX MPOOJIeM PUHAIICKUAT
TOPHOAOOBIBAIONINM TPEANPHATHSAM Y30eKHCTaHa, XapaKTepU3yIOIUXcs Ha
CETOMHSIIHNN NEHb MaJbHEHIIUM pa3BHTHEM OTKPBITOTO crocoba pa3paboTKu
MOJIE3HBIX HMCKOMAEMBbIX, OOHUM M3 KOTOPBIX SIBISIETCS AHIPEHCKUN YTOJIbHBINA
paspes.

bazoBass mpoOnema, ee akTyaJlbHOCTh — NPEIACTABUTH OIUH W3 MyTeH
MOJICJIMPOBAHUS ONTUMAJIBHBIX BapUaHTOB 3KCIIyaTallMHM HUKIMYHO-TTOTOYHON
TEXHOJIOTUH B CIIOKHBIX YCIOBHUSIX BCKPBIIIHBIX PadoT.

[Ipumensembie MeTOnBI. B manHOM paboTe Mpy MOACITUPOBAHUK KOHCTPYKITHH
HIIT c uenbro onpeaeneHus ONTUMAaIbHBIX IAPAMETPOB PA3rpPy304HO-IOrPY30UHbIX
oyakepoB LIIIT pa3pesa «AHTpEHCKHI» MCIIONB30BaHBI METOIBI KOHEUHBIX
JJIEMEHTOB W MaTeMaTMYeCKOTO MOJCIUPOBAaHUS HAa OCHOBE KOMIIBIOTEPHOMU
MIPOrpaMMBI «Ansys».

KirroueBbie THTIOTE3BI W BHIBOABL. B pesynwsrare mpoBefeHHOW paboThI ompe-
JIeJIEHBI OCHOBHBIE (haKTOPBI, BIUSAIONINE Ha ETHHOCTh JICHTHI: CHJIa HAPSHKEHUS
nedopMalid MarvucTPalbHON JIGHTHI TPH Pa3TpPy3Ke IOPOAbI pPa3rpy304HO-
norpy3ounbiM OyHkepoM LIIIT B ycloBHSX pa3iMyHBIX MapaMeTPOB CKOPOCTH
3a00HHOT0 KOHBEWepa, MarucTpaabHOM JIGHTHI, YIJIa HAKJIOHA KOHBEHepHOH JINHUH,
BBICOTHI OyHKepa M KauecTBa MarepHalia 3KCITyaTUPYEeMON JICHTHI.

OpurnHATBPHOCTh JAAHHOTO WCCIIEAOBAHUS 3aKIIIOYA€TCI B KOMITBIOTEPHOM
MozenupoBaHuu npouecca 3kcmryaraunu HIIT Ha ocHOBe porpaMmel «Ansysy».

[Ipaktuueckoe 3HaueHue. llpuMmeHEHHBIE B AAHHOM HCCIEIOBAHUU METOMAbBI
pacu€TOB IPHU MTOMOLITU METOJ]a KOHEYHOTO 3JIEMEHTa HA OCHOBE TPOrPAMMBI « ANSYS»
MOTYT OBITH HCIIOJIb30BaHBI NPU OMPEACICHUHM MPUYUH TMOPBIBOB JICHTOYHOI'O
KOHBeiiepa B mpouecce €€ dKCIUlyaTalldd B Pa3JIMYHBIX IPOU3BOJICTBEHHBIX
YCIIOBUSIX, TIPH BBIOOPE ONTUMAIBHBIX TEXHUYECKHX MapaMeTPOB KOHCTPYKITHIA:
BBICOTBI AKCILTyaTallMOHHOTO OyHKEpa, CKOPOCTH KOHBEHEpPHOW JICHTHI, yIia eé
HaKJIOHAa ¥ MaTepuana caMOM JICHTHI.

KuioueBble cj10Ba: KOHBEHEp MarucTpaibHOM JICHTHI, Kapbep, MOJICTUPOBAHNUE,
Ansys, TOpHas HHXEHEPHUSL.

Introduction. The challenges of modernizing and optimizing open-pit
coal mining techniques in Uzbekistan are largely influenced by its geological
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characteristics (Akbarov, et al., 2021). Therefore, the accuracy of choosing the
right technology, direction, and parameters for mining has a significant impact on
the technical and economic performance of open-pit operations. The technology of
stripping operations, which are complicated by the climatic and geological features
of the quarry, necessitates the creation of ledges in order to prevent landslides
(Gulomova, et al., 2023). This, in turn, leads to the need to handle large volumes
of overburden during open-pit coal mining. Therefore, the process of transporting
overburden becomes particularly important.

The Angren brown coal deposit is located in the Tashkent region of Uzbekistan.
It occupies part of the intermountain valley of the Akhangaran River, between
the village of Ablyk in the southwest and the Akhangaran dam in the northeast
(Toshov, et al., 2024). The valley is surrounded by mountains on all sides. To the
north, it is bounded by the Chatkal range, and to the south, by the Kuraminsky
range. The height of these mountain ranges reaches up to 3,000 meters. The highest
point near the valley is Mount Babaytaidar, also known as Bobo-tog, with an
elevation of 3,654 meters. Within the Angren deposit, there are two main areas:
the right-bank portion of the valley and the foothill areas. The right-bank area has
an absolute height range of 930 to 1,100 meters, while the foothills are located in
the northern and northeastern portions of the area and have a higher elevation. The
main water source for the region is the Akhangaran river, which is 235 kilometers
long (Toshov, et al.,2024). The geological structure of the deposit includes rocks
from the Carboniferous, Permian, Jurassic, Mesozoic, Paleogene, Neogene, and
Quaternary periods. The coal-bearing unit has a maximum thickness of 160 meters
and contains a complex coal deposit with a thickness of 65 to 75 meters. Above
this is a variegated kaolin formation with a thickness of 25 to 30 meters, consisting
mainly of clays with siltstone, sand, and gravel impurities. Cretaceous deposits,
which are 5 to 25 meters thick, are represented by red sandstone (Wang et al., 2022).

The belt conveyor is widely used in the coal industry and other industries, playing
a crucial role in the transportation of raw coal (Huang, et al., 2023). It regulates
the pace of production, maintains its rhythm, and contributes to increased labor
productivity. This type of conveyor effectively addresses issues related to complex
mechanization, automation of transportation, and technological processes (Kovrov,
et al., 2024). However, the short lifespan (3-5 years) and high cost of conveyor
belts, which account for 50-60% of the total cost of a conveyor system, make them
a crucial component due to their load-bearing and traction role (Kassenov, et al.,
2022). During operation, the strength and durability of the belts decrease due to
various types of damage, such as transverse cracks in the rubber layers, abrasion,
breakage and tearing of layers, longitudinal cuts and gouges, damage to the sides
and end joints, and delamination of the traction frame (Srimitrungroj, et al., 2023).
In many ways, the failure of the conveyor belt can be attributed to its design and
operation. During use, the belt experiences not only longitudinal stress from the
tensioning device, but also dynamic forces during start-up and shutdown (MikuSova
et al., 2019). Additionally, there are issues with the hands on the drums and defects
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caused by devices, as well as support from stationary rollers due to inevitable
sagging between them (Fedorko et al., 2021). These cyclic deformations lead to
fatigue wear, which manifests itself in the form of cracks on the traction frame and
plates (Marasova, et al., 2023). For example, in reference the authors demonstrate
that their fault diagnosis model outperforms a single-method approach in terms of
overall accuracy in diagnosis and recognition (Toshov, et al., 2024). The accuracy
of fault classification reaches up to 97.22%, showing the potential for significant
improvements in the reliability of the belt transportation system in coal mines. The
paper discusses the classification of conveyor belt damage using machine learning
techniques (Wang, et al., 2024). The authors developed four classification models
and evaluated their accuracy and predictive capabilities (Zohra, et al., 2022). These
models could be used in practice to identify and predict conveyor belt failures,
which are often caused by damage to the belt. In a novel approach to detecting
surface damage on conveyor belts is proposed (Gelman, et al., 2023). This method,
referred to as AC-AGAIN, aims to address the challenges associated with long
training and deployment times as well as the limitations of previous techniques
due to their dependence on limited training data. In a new technology for the
automated real-time diagnosis of conveyor belt systems was investigated and
validated through extensive experimentation (Semrad, et al., 2024). In focused on
developing a diagnostic system that uses magnetic markers embedded directly into
the conveyor belt (Gladysiewicz, et al., 2024). This system allows for control of
the conveyor speed based on the known distance between the magnetic markers. It
can detect potential issues not only with the power supply or control system of the
conveyor, but also with wear and tear on the belt itself.

Although there have been some studies on conveyor belts, there has been very
little research conducted to determine the optimal settings for unloading and loading
bins in the cyclic flow system at the Angrensk plant. By studying the mechanism of
cyclic flow technology, we have identified several areas of concern regarding the
operation of conveyor belts. One major issue that has been identified is the frequent
breakage of the main conveyor belt due to pieces of overburden falling from a
significant height. This issue is exacerbated by the high speed at which conveyor
belts operate and has become a persistent problem that directly affects productivity.
Disruptions to conveyor operations caused by repairs have a negative impact on the
entire transportation system as they disrupt the flow of materials and lead to delays.

Materials and Methods

To accurately determine the stress-strain state of a multilayer rubber cable in
a winding machine, it is essential to consider the longitudinal compression of
the cable, which is unconstrained. Although the stiffness characteristics of each
individual layer may vary depending on the number of layers, for simplicity, we
will assume that they remain constant. Ignoring this factor could significantly
underestimate the calculated power load and potentially lead to failure of the cable
or other components in the winding system.

The process of calculating the forces in a multilayer cable involves several stages.
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First, we need to determine the displacement of each layer within the bundle. Next,
we must calculate the coefficients for transverse stiffness, expansion, and tension.
Additionally, a mathematical model should take into account two significant
factors: the longitudinal compression of the cable and the elastic properties of
the rubber rings.The stiffness characteristics of these materials are determined by
the total number of rings used in the winding process and their arrangement. This
information can be calculated using programming languages such as Maple 12 and
ANSYS Workbench 2022, which produce accurate and efficient results.

This information provides a high degree of accuracy in studying the stress-strain
behavior of multi-layer ropes and identifies patterns that can inform engineering
design decisions. It can also be used to create guidelines for load testing, ensuring
the safety and reliability of these structures, as well as their durability and long-
term performance.

In order to improve the efficiency of the cyclic flow technology used in coal
mines for the extraction of solid overburden rocks, we conducted a thorough
analysis of the main components of the system using computer-aided design. This
analysis revealed that one of the main causes of conveyor stoppages was related
to the unloading and loading mechanisms in the cyclic flow system. Based on this
information, we carefully examined the operation of these mechanisms and created
a detailed model of the unloading and loading points using ANSYS software

(Figure 1).

a)

1-tape; 2-rock; 3-dumping drum; 4-5- hopper walls; 6-shock absorber; 7-8 - iron aprons; 9-lower
rollers; 10-side rollers; 11-roller holder; 12-roller support stop; 13-upper and lower layers of tape;
14-the ropes of the tape.
Fig. 1. General view of the belt direction model for calculation and the structural condition of the
hopper model divided into parts

To determine the optimal height of the hopper and the stress-strain state of the
belt, calculations were performed to simulate the unloading and loading of bunkers
in the technological process of cyclic flow at the Angren coal mine. Overburden is
removed from the bottom of the mine and transported to the main conveyor using
various production parameters. The height of the bunker was varied between 3.5,
5.4, and 7.8 meters. The volume of rock falling on the belt, denoted as V, was 0.95
m?3. The belt moves at a speed of 5 m/s during the working process and enters the
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hopper, where it falls onto the lower main conveyor at a speed of 5.5 m/s with a
resistance coefficient of 0.2. The properties of building iron (structural steel) bunker
material are shown in Figure 2.
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Fig. 2. Properties of building iron (steel) bunker material

The model of the impact of rock on the belt at a speed of 5.5 m/s when it moves
with its own weight and an initial speed of 5 m/s is shown in Figure 3.

Fig. 3. General view of the tape with roller
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The main advantages of rubber conveyor belts are:

- High longitudinal flexibility, which allows for a smaller drive drum diameter
compared to other types of belts. This makes them ideal for applications where
space is limited, as they can be installed in tighter spaces.

- Good transverse flexibility, resulting in deeper grooves on narrower belts. These
grooves help prevent materials from slipping off the belt, increasing transportation
efficiency and reducing damage.

Rubber belts are also lighter than steel rope belts, making handling and
installation easier. They are covered with a thicker layer to increase strength and
durability, preventing wear and tear and ensuring a longer lifespan.

At the Angren coal mine, a STAHLCORD 1600 rubber belt is used to transport
overburden rock over a distance of more than 5 kilometers. It is installed on the
main conveyor line, which includes both vertical and horizontal curved sections.
Figure 4 shows the typical design of a rubber-cord conveyor belt.

a)

Fig. 4. Rubber conveyor belt of standard design

Results and Discussion

The design of rubber belt conveyors in the mining industry is crucial for
ensuring the efficient and safe operation of these systems. These belts play a vital
role as load-bearing and traction components, carrying materials from one point
to another. When designing these systems, it is essential to choose durable and
reliable materials that can withstand the high dynamic loads placed on the drive
drums, especially in cyclic-flow applications where the belt frequently starts and
stops. High-quality materials should also have excellent abrasion resistance to
ensure longevity and durability. Lightweight belts help minimize stress on the
system, leading to optimal performance and reduced downtime. By selecting the
right belt material for the job, miners and operators can maximize productivity
and minimize maintenance costs, while ensuring safe and efficient operations. It
is also important to choose a durable belt with a long lifespan, as this will help
reduce operating costs, ensure optimal performance, and minimize downtime. A
reliable belt that requires minimal maintenance will maximize uptime, ensuring
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uninterrupted production and minimizing the frequency of repairs. Selecting a
high-quality belt allows miners and operators to have confidence in their conveyor
systems, knowing that they will function smoothly and reliably over the long term.
This leads to increased productivity, profitability, and reduced downtime, ultimately
saving time and money.

In order to determine the optimal parameters and characteristics of the conveyor
belt, we will use the finite element method to analyze the deformation and stress
state of the belt under external forces. We will divide the entire area of the belt
into smaller elements, as shown in Figure 3. For each individual element, we will
calculate the total energy, considering the edges of the small parallelepipeds. Then,
we will take the derivative of this total energy with respect to each variable, and
set it equal to zero, in order to create a system of equations that corresponds to the
number of nodes in the belt. This system of equations will help us in determining
the optimal values for parameters such as the strength and flexibility of the belt.

Let us consider a finite element in the form of a parallelepiped (a,b,c). To
determine the coordinates of this element, we need to know the displacement
components (u, v, w), which can be found in Table 1.

Table 1. This is a table. Tables should be placed in the main text near to the first time they are cited.

Dot Point coordinates ({, 7, 0) Move Component
1 (0,0,0) (ur, vi, wi),
2 (2.0,0) (2, v2, wa),
3 (a,b,0) (u3, v3, w3),
4 (0,b,0) (Us, va, Wa),
5 (0,0,¢) (us, vs, ws),
6 (a,0,c) (us, V6, W6),
7 (a,b,c) (u7, v7, wr),
8 (0.0.0) (us, Ve, W),

We can describe this element by considering a small section of the parallelepiped,
as shown in Figure 5.

Fig.5. Elementary piecewise element of a parallelepiped
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In this case, the total displacement of the field must also satisfy the edge points
of the field u, v, w. Consider the displacement for its first component and obtain (1)
a system of equations:

u=a,{+bn+c0+dn+f{0+enb+g,+hnd
v =a,{+ byn+ 20 +d,{n + f,{60 +e,nb + g, + hy,(nb
w = az{ + bsn + c30 + d3{n + f3{0 + e3nd + gz + ha{nb (1)
here a;; b;; ¢;; d;; fie;; gi; hy constant, not yet known.

If we introduce the following definitions { = g; n= %; 0 = E, and move on
to dimensionless values, we will find the displacement of the total area for a three-
dimensional region in the following form:

( U =0
u, =aaq, + g,
us; = aaq + bby + abd, + g4
u, = bby+ g4
\ us =cct+ g1
Ug = aaq +ccq +acf; + g1
u, = aaq + bb; + abd; + cc, + acf; + bce; + g, + abch,

\ ug = bby + ccy + bceq + g4 )
From this
( g1 = U
__Ux—Uuq
a =——
_ Usg—Uq
b; = —
Us—Uq
< GG =——

c
Us =¢cc1 + gq
Ug = aaq +ccy +acf; + g4
u, = aaq + bb; + abd, + cc; + acf; + bce; + g, + abch,

\ ug = bby + ccy + bce; + g4 3)
Let’s get all the constants depending on the movements
g1 = Uy,
Uz—Uy
a, = ——;
1 . au 5
— Us—Ug,
bl - " bu 5
541
L =——
1 c
d1 — u3—u4+u1—u2;
ab
_ Ug—Us+U—U .
fl - ac 5
e. = us—u5+u1—u4_
1= ac »
U7—Ug—UgtUs+UL—U3+U—Uq
h’l =

abc
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From here we can get a complete representation of the u,v,w function:
u=
Uy — Uy Uy — Uy Us — Uy Uz — Uy + U — Uy Ug —Us + U — Uy

+ + 0+ + %]
a ¢ b n +c ab n R ac + ¢
uB_us ul_U4 u'7_u8_u6 U5 u4_U3 uZ_ul
0+u + (7]
ac n 1 abc <
p=
Uy, — U, Vy — Vg Vs — Vyq V3 — Vs +V1— D, Vg — Vs + V1 — Uy
+ + 6+ + 7]
a ¢ b n +c ab < P c 4 ¢
Vg —V vy — Vg — Vg — 1, v Vy — U Vy — U
8 5 1 4779+V1+ 7 8 6 5 4 3 2 1(’79
ac abc
w=
Wy — Wy Wy — Wy Ws — Wy W3 — Wy + Wy — W, Weg — W5 + Wy — W,
+ + 6+ + %]
a ¢ b n + c ab §n+ N ac 4 ¢
Wg — W, Wi — W, Wy — Wg — W, w Wy — W Wy — W.
8 5 1 47]6+W1+ 7 8 6 5 4 3 2 1(7)9
ac abc

As is known, the kinetic energy of a deformable solid is equal to:

1
E =3 JIf o1j&;av (4)
If we find the components 6, Hooke’s law:
A+ 2u A A 0 0O
A A+ 2u A 0 0 O
A A A+2u 0 0 O
Al =
4] 0 0 0 p 00
0 0 O 0 u O
0 0 0 0 0 u (6)

here A, pu - Lamé parameter, Gij-stress component, €~ strain component.
Based on the fact that the total kinetic energy is equal to the following for our
case:

Ex = [If oyeydv = [ff [A] * [B]” * [uy;]" * [BI * [uy]dv =

= [ [) 1AL = [BI * [uy] = [B] * [u;]dg = dn «do (7)

In this case, the hardness matrix will be for one element:

k=[] [ [ [B] % [A] * [BI * [u;;]dg = dn = d6 ®)

here k-matrix coefficient of stiffness material.

Formula 7 represents the stiffness matrix of the unreinforced part of the tape. We
use the hyperelastic Ogden model, assuming that the overall belt is hyperelastic, to
represent the stiffness matrix of the entire belt (also suitable for large deformations).
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Ansys uses existing large deformation models. To simplify the mathematical
model, first of all, let’s imagine the bottom band as solid, plastic (Figure 6).

Fig.6. Conveyor belt model

To determine the maximum number of nodes in the parallelepiped, a stress-
strain analysis of the tape was conducted using the Ansys software package and the
finite element method. The results of this analysis are presented in Figures 7.

Fig.7. Strain distribution along a conveyor belt

As shown in Figure 7, when the top belt speed is 5 m/s and the hopper height
is 5.4 m, the lower belt speed is also 5.5 m/s. The total belt deformation is 15
centimeters and the z-axis deformation is 2 centimeters. The force acting on the
belt is 7464.7 Pascal. The graphical and mathematical calculations for analyzing
the operation of the 5.4-meter-tall bunker are presented in the figure, showing the
results of stress forces on the main conveyor belt. As illustrated in the diagram,
rocks are thrown from the conveyor at a speed of 5 m/s when they reach a specified
height and hit the hopper. The hopper then absorbs the speed of the falling rocks
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and their impact force, as they freely hit the receiving main conveyor belt at 5.5
m/s. In Figure 8, different colors are used to indicate different levels of stress. Red
represents the highest level, while blue represents the lowest. The point at which
the highest level occurs is called the “danger zone”.

Fig.8. Strain distribution along a conveyor belt loaded with coal

The law of change in the tension of an elastic band over time is shown in Figure
9. The graph shows the voltage levels over time. The highest voltage is represented
by green, the average by blue, and the lowest by red. This allows us to see that the
peak voltage occurs around 2.125 seconds.

Fig. 9. Graph of stress in the bunker over time at a fall height of 5.4 m.

Thus, the “Ansys Workbench” software was used to create 3D models of the
cyclical-flow unloading and loading system located between the conveyor belts of
the structure. This software helped us to determine the exact geometric parameters
of the system under study. Analysis of the 3D models allowed us to identify the
causes of failure of the main conveyor belt in the cyclical-flow process, including
the height of the unloading and loading bins, the forces applied by falling hard
rocks, and the dynamic stress [19] on the rubber belt.

Conclusions
The results of the calculations, carried out using the finite element method and
ANSYS software, have helped us to identify the causes of the frequent failures of the

195



NEWS of the National Academy of Sciences of the Republic of Kazakhstan

main conveyor belt during operation. These failures are caused by both structural
and technical problems with the belt, as well as the impact forces from the falling
rocks at the points of loading and unloading. Bunker-cyclic flow technology was
also taken into account in the calculations. Based on this information, the optimal
height of the bunker was determined to be 5.4 meters.

Thus, the use of mathematical modeling techniques, such as finite element
analysis using the Ansys software, has allowed us to determine the optimal height
of the loading and unloading chute. This has extended the lifespan of the conveyor
belt by reducing the frequency of breakdowns and, consequently, reducing the need
for repairs to the structure.

During the experiment, we also studied and determined other optimal parameters
for technical units in the design of cyclic-flow technology. These include: the choice
of optimal speed for the production line and main conveyor, as well as the correct
setting of the optimal angle for the inclination of the conveyor in the cyclic-flow
system.
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