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2 Clarivate
Analytics

«Central Asian Academic Research Centery LLP 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.

«Opmanvix Asusn axademusnvik vinvimu opmanvizely KIIC «KP ¥FA Xabaprapoi.
Teonocus oicone MeEXHUKANLIK bLILIMOAP Cepusicbly 2bliviMu dcypranvinvily Web of
Science-miny scanananean nyckacet Emerging Sources Citation Index-me unoexcmenyee
Kabvli0aneanvin  xabapnaiovl. byn unoexcmeny oapwiceinoa Clarivate Analytics
KOMRAHUusACul Jcyprandvl odan api the Science Citation Index Expanded, the Social
Sciences Citation Index ocone the Arts & Humanities Citation Index-xe kabwiioay
Mmacenecin Kapacmuipyoa. Web of Science zepmmeywinep, asémopnap, 6acnawiviiap
MeH MeKemenepee KOHmeHm mepenoiei men canacwin Ycvinaovl. KP ¥YFA Xabapnapeo.
Teonocus scone mexuuxanvix eviavimoap cepuscol Emerging Sources Citation Index-xe
enyl 0i30iH KO2amOacmulK YWiH eH 63eKmi dcane 0edendi 2eon02usi JHeaHe MexXHUKAIbIK
EbLIBIMOAP OOULIHUWA KOHMEHMKe a0anoblblmbi30bl 0i10Ipeoi.

TOO «llenmpanvro-a3uamckutl akadeMuuecKull HAy4Hulil yeHmpy coodwjaem, umo
nayunoii oicypuan “Useecmuss HAH PK. Cepusi ceonocuu u mexuuueckux Hayk» Obll
npunam oas unoexcuposanusi 6 Emerging Sources Citation Index, obnosnennou
sepcuu Web of Science. Cooepoicanue 6 3mom UHOEKCUPOBAHUU HAXOOUMCS 8 CMAOUU
paccmompenusi komnanueti Clarivate Analytics ons oanvhetiwezo npuHAMUS JICYPHANA
6 the Science Citation Index Expanded, the Social Sciences Citation Index u the Arts &
Humanities Citation Index. Web of Science npednazaem kauecmso u enyouny Konmenma ot
uccredosamenetl, agmopos, uzoameneli u yupesicoenuil. Brmouenue Hzeecmus HAH PK.
Cepus ceonozuu u mexnuyeckux nayk ¢ Emerging Sources Citation Index oemoncmpupyem
HAWLy npuepIHCeHHOCMb K Haubonee akmyaibHOMY U 6IUSMETIbHOMY KOHMEHMY N0 2e0N02UU
U MEXHUYECKUM HAYKAM OJisl Haue20 coobuecmsa.
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Abstract. Relevance. Reducing the cost of mining and transporting rock in
quarries is one of the main factors affecting the cost of finished products. Today,
belt conveyors are the most cost-effective means of transporting rock worldwide.
Therefore, their use provides significant economic advantages-specifically, a
30-40% reduction in transportation costs. Despite these undeniable advantages,
conveyor systems face a critical issue that significantly reduces their overall
efficiency. Objective. Determination of the stress-strain state of conveyor belts
during interaction of rocks by mathematical modeling. Methods. The research is
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based on modern computing tools — Ansys Workbench, MathCAD, and Maple —
which enable the creation of 3D models, numerical calculations, and regression
relationships. Single- and two-factor models were constructed to evaluate the
stress-strain state under various operating conditions and identify optimal operating
parameters. The stress-strain state of the conveyor belt occurs under the influence
of powerful impact loads when rock falls from the transfer hopper. These dynamic
forces cause localized damage, transverse cracks, and punctures, leading to
premature and frequent belt ruptures. Therefore, the development of scientifically
based approaches to optimizing the operating parameters of transfer units is
needed. The results was established that optimizing the geometric parameters of
a conveyor transport transfer point (a 5.4-meter-high belt conveyor hopper) can
ensure minimal loads during contact between the rock mass and the conveyor belt
for this design. The stress state of the conveyor belt was determined depending on
the belt speed and the transfer point hopper height using single- and two-factor
regression models.
Keywords: conveyor, stress-strain state, belt, Ansys Workbench, Maple,

MathCAD, bunker
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AnHoTauusi. Oszexminici. Kapbepiepne Tay S>KbIHBICTApbIH OHIIPY JKOHE
TaceIMalfay KYHBbIH TOMEHJIETY NaiiblH OHIMHIH KYHBIHA 9CEp €TeTiH Herisri
¢axropnapasiH O6ipi Oosbin TaObankel. ByTiHT1 TaH A Tacmanbl KOHBelepiep OYKia
oJleMJIe Tay KBIHBICTAPBIH TaChIMAJAAYbIH €H THIMII Kypaibl OO TaObLIaIbI.
CoHpIKTaH oJapAbl HaljanaHy aWTapibIKTali SKOHOMHUKAIBIK apTHIKIIBUIBIKTAP
Oepeni, aram aiTKaHJa, TackiMaiyiay MbIFbIHAAPEIH 30-40%-Fa TeMEHIETEI.
Ocbl maycel3 apTHIKIIBUTBIKTapFa KapaMacTaH, KOHBEHepIIiK KyHenep onapibiH
YKAJIITBI THIMJTUTITIH alTapibIKTall TOMEHJISTETIH MaHbI3/Ibl MOCEIIere Tar 00a b,
Maxcamul. MaremaTuKalIbIK MOJEIBACY/I KOJIaHa OTBIPHII, Tay KbIHBICTAPBIHBIH
e3apa opeKeTTecyi Ke3inae KOHBeHepIiK Tacnanapasly KepHey-aedopmanus KyHin
aHbBIKTay. Odicmep. 3epTTey 3aMaHayt ecentey KypanaapsiHa - Ansys Workbench,
MathCAD xone Maple - Herizuenren, oy 3D Momenbaep/i jkacayra, CaHIBIK
ecenTeyNepal KYprizyre *oHe perpeccHsuIblK KaTblHACTApIbl KYpyFa MYMKIHIIK
Oepeni. OpPTYpal KYMBIC JKaFAallapblHIa KOHBEHEpINiK TaclaHblH KepHey-
nedopManys Kylin Oaranay »KoHe OHTAWJIbI dKYMBIC TapaMeTPIICPiH aHbIKTAY YIIiH
0ip >koHe exi (akTopibl Mozenbaep kacanraH. KoHBeieplik TacaHblH KepHEY-
nedopMmanys Kydi TackiMainay OyHKEpiHEH Tay KBIHBICTAPBIHBIH KyJIaybl Ke3iHae
KYIITI COKKbI JKYKTEMEJepiHiH ocepiHeH maiina Oonanel. Byn nuHaMUKaIbIK
acepiep KEPTUTIKTI 3aKbIMJIaHy/bl, KOJJCHEH apbIKTapiAbl JKOHE TeclLIyaepii
TyABIPAJbl, OYJI TaCHaHBIH ME3TUICI3 jKOHE Kui y3utyiHe okeneni. COHJIBIKTaH,
TaceIMalfidy KOHIBIPFBUIAPBIHBIH JKYMBIC IapaMeTpiepiH OHTaWIaHABIPYIbIH
FBUIBIMU HET13/IeJITeH TOCUIePiH a3ipiiey KakeT. Homuoicenep men KopulmulHObLIAD.
Kongeiiepnik TaceiMangay, TaceiManiay HYKTeciHiH (OuikTtiri 5,4 M Tacmaibl
KOHBeleplik OyHKep) TeOMETPHSIIBIK MapaMeTpiiepiH OHTaWIaHABIPY OCHI
KOHCTPYKIIHS YIIiH Tay )KBIHBICTaPbl MACCACHIHBIH KOHBEHEPITiK TacllaMeH )KaHaCybl
Ke3iHJEC MHMHUMAJIbl >KYKTeMeJlep[i KaMTaMmachl3 €T€ ajaThiHbl aHBIKTaJIbI.
KonBeiiepnik TacnaHblH KepHEy Kyl Tacna >KbUIIaMIBIFbIHA KOHE TachIMalaay
HYKTeCiHiH OyHKepiHiH OwuikTirine OaiimaHbIicTbl Oip >koHEe eKi (akTopibl
perpeccusuIbIK MOJEIbACPIl KONaHa OTHIPBI aHBIKTATA b

Tyiiin ce3aep: koHBeiep, KepHeydi-AepopMalMsIIBIK KyHi, Tacma, Ansys
Workbench, Maple, MathCAD, G6ynkep

267



ISSN 2224-5278 6.2025

© XK.B. Tomos!, K.T. Illepor?, V.P. Baiina3zos’, 5.H. AGcaabikoB**,
M.P. Cuxumbaes®, 2025.
'TalmKeHTCKUI roCy1apCTBEHHbBII TEXHUYECKUI YHUBEPCUTET MMeHHU Mcnama
Kapumoga, TarmikeHrt, Y30ekucraH;
’Ka3axckuil arpOTeXHUUESCKHI UCCIIEIOBATEILCKII YHUBEPCUTET
umenu C. Ceiidymmna, Acrana, Kazaxcran;
> Anmanbikckuil puiman TamKeHTCKOro rocyAapCTBEHHOTO TEXHUUECKOTO
yHuBepcuTeTa uMeHu Mcenama Kapumosa, TamkenT, Y30ekucran;
‘CarnaeB YuuBepcutet, Anmarsl, Kazaxcran;
SKaparanaunckuii ynusepceutet Kasnorpedcorosa, Kaparanna, Kasaxcras.
*E-mail: b.absadykov(@satbayev.university

HNCCIIEAOBAHUE U ONTPEJAEJIEHUE HAITPS’KEHHO-
JTE®@OPMHUPOBAHHOI'O COCTOSIHUSI KOHBEMEPHBIX JIEHT

Tomos YKaBoxup — 10KTOp TEXHHYECKUX HayK, Tpodeccop, 3aBexyromuii kadeapoii, TanmkeHTCKui
TOCYIapCTBEHHBIN TeXHNUeCKH yHuBepcnuTeT nmenn Mcenama Kapumona, Tamkent, Y30ekucras,
E-mail: j.toshov@tdtu.uz, https://orcid.org/0000-0003-4278-1557;

IllepoB KapuGek — 1okTOp TeXHHUYECKHX HayK, mpodeccop, Kaszaxckuil arporexHMYeCKHi
nccienosarensckuil yausepcuteT nmenn C. Ceitdymmna, Acrana, Kasaxcran,

E-mail: shkt1965@mail.ru, https://orcid.org/0000-0003-0209-180X;

BaiinazoB Ymuag — PhD, n.0. nonenra, Anmanbikckuil Gprian TankeHTCKOro TocyIapcTBEHHOTO
TeXHHYECKoro yHuBepcutera nmeHn Mcemama Kapumona, Tamkent, Y30ekucras,

E-mail: ub629418@gmail.com, https://orcid.org/0000-0002-9941-0821;

AbcanbikoB BaxbIT — JOKTOp TEeXHMUECKHX Hayk, mpodeccop, CarmaeB YHUBEPCHUTET, AJIMATEHI,
Kazaxcran,

E-mail: b.absadykov(@satbayev.university, https://orcid.org/0000-0001-7829-0958;

Cnxumbaes Myparbaii — JOKTOp OSKOHOMHYECKHX Hayk, mpodeccop, Kaparanmuackuii
yauBepcuteT Kasznorpedcorosa, Kaparanma, Kazaxcran,

E-mail: smurat@yandex.ru, https://orcid.org/0000-0002-8763-6145.

AnHoTauus. Axmyarvrocms. CHWKEHHE 3aTpaT Ha JOOBIYHBIE pabOTHI H
TPaHCHOPTUPOBKY TOPHOM Macchl Ha Kapbepax SIBISETCS KIIOUEBBIM (HaKTOpOM
yMEHBILICHHS Ce0eCTOMMOCTH TOTOBOM MPOAYKIMH. B MHUpPOBOH mpakTHKe
JICHTOYHbIE KOHBEWEphl ~paccMaTpUBAIOTCS Kak HauOoinee HSKOHOMHYHOE
CPEICTBO NEpeMEIIEeHHs TOPHBIX MOPOJ, 00ECIeUuNBaIOIIee CHIKEHUE 3aTpaT Ha
TpaHcnoptupoBky Ha 30-40%. OnHako KOHBEilepHbIE CUCTEMBI CTAJIKUBAIOTCA C
npobneMoll BOSHUKHOBEHUsI HanpsbkEHHO-AedopmupoBanHoro coctostHust (HIC)
JICHTHI, BBI3BAHHOTO YIapHBIMU Harpy3kaMu, 4YTO MPUBOJUT K MPEKAEBPEMEHHOMY
U3HOCY M BBIXOAY 00OpynoBaHMs U3 cTpos. [ers. OmnpeneneHue HampsKeHHO-
1e(OPMUPOBAHHOTO COCTOSIHUSI KOHBEHEPHBIX JICHT P B3aUMOJICHCTBUH C TOPHON
Maccoil METOAOM MaTeMaTHYECKOTO MOJICIMPOBAHUS Uil BHIOOpA ONTHUMAaIbHBIX
9KCIUTyaTallMOHHBIX ~MapamMeTpoB. Memoowi. VccnenoBaHusi BBIMOJIHEHBI C
WCTIOJIb30BAHUEM BBIYMCIHMTENBHBIX KoMIuiekcoB Ansys Workbench, MathCAD
u Maple, obecrieunBaOMMX MOCTPOCHUE TPEXMEPHBIX MOJENEH, YHCICHHBIN
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aHamM3 W Pa3paboTKy OAHO(AKTOPHBIX U JBYX(AKTOPHBIX PErpecCHOHHBIX
3aBucuMocTeid. Onpenenensl ocodennoctn GopmupoBanns HIAC npu ymapHbIX
Harpy3kax, BO3HUKAIOIIMX B MOMEHT MaJCHHs TOPHOM MOPOIBI HA JICHTY 4epe3
MEeperpy304uHblil OyHKEp. YCTaHOBICHBI MPUYMHBI JIOKAJbHBIX IOBPEKICHHM,
MOMEPEUHBIX TPEIMH M TPoOOEB, CBA3AaHHBIX C JUHAMHYECKOH NpUPOIOH
Harpy3ku. Pezynvmamul u 661600b1. I10ka3aHO, YTO ONTUMH3ALINS TEOMETPHUECKUX
napamMeTpoB MEPerpy30yHOro y3jia KoHBeilepa (i OyHkepa BbeIcOTOW 5,4 M)
MO3BOJISICT CYHIECTBEHHO CHHM3MTH IUKOBBIC HArpy3ku u MuHummsuposarb HJIC
nentel. IlomydeHbl perpecCHOHHbIC MOJENH, ONMCHIBAIOIINE 3aBUCHMOCTD
HaNpsDKEHHOTO COCTOSIHMS OT CKOPOCTH JIBMDKEHMSI JICHTBI M BBICOTHI MaJCHHUS
rpy3a. Pe3ynbrarel MonenupoBaHus IEMOHCTPUPYIOT, YTO KOPPEKTHAs HACTPOHKa
MapaMeTpPoOB CHUCTEMbI CHUKAET BEPOSTHOCTH Pa3phIBOB JICHTHl U yBEIMUUBACT
pecypc paboThl KOHBeliepa.

KitroueBble cioBa: KoHBelep, HalpsHKEeHHO-AE()OPMUPOBAHHOE COCTOSHHE,
nenra, Ansys Workbench, Maple, MathCAD, Gynkep

Introduction. Conveyor transport is an integral part of the technological process
at modern mining enterprises. In open-pit coal mining, belt conveyors demonstrate
significant advantages over road and rail transport: they reduce transportation
costs by 30-40%, increase labor productivity by 1.4-2.0 times, ensure continuous
production, and enable comprehensive automation (Anistratov, 1995:350, Poderni,
2003:606). Belt conveyors with throughputs of up to 25,000 m3/h, travel speeds
of up to 10 m/s, and installed drive power of up to 10 MW are used worldwide.
Modern systems allow for the transport of rock mass over distances of over 5 km
along routes with complex geometries, including sections with slopes of up to 16-
18° (Rabatuly et al., 2025:11). However, despite the obvious advantages, conveyor
transport has a number of significant disadvantages associated with the short service
life of the belt and roller supports, high energy consumption, and material spillage
and dusting. The conveyor belt, which is both a load-bearing and traction element,
has a limited service life (3-5 years) and accounts for 50-60% of the total cost of the
conveyor. Moreover, belt damage leads to downtime, the losses from which many
times exceed its cost. Particularly critical are transfer points, where the rock mass
is transferred from one conveyor to another. It is in these areas that the greatest
belt wear is observed due to the intense stress-strain state (SSS), which occurs
under the action of impact loads during rock fall. This leads to localized damage,
the formation of transverse cracks, punctures, and ruptures of the conveyor belt
(Toshov, 2024a:11, Donenbaev et al., 2023:9).

Research materials and methods.The issues of improving conveyor transport
have been the subject of the works of many researchers. Significant contributions
to the development of the theory and practice of belt conveyors were made by
Anistratov Yu.l., Galkin V.I., Dmitriev V.G., Poderni R.Yu., Rzhevsky V.V., Sheshko
E.E., as well as foreign scientists Gabriel Fedorko, Lech Gtadysiewicz, Robert
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Krol and others (Dmitriev et al., 2011:11, Reshetnyak, 1998:423, Fedotenko et al.,
2020:6, Lagerev et al., 2017:384, Dolgikh, 2018:7, Korneev et al., 2014:4). The
works of these authors considered the issues of calculating the main parameters of
conveyors, selecting the type of belt, determining the traction forces and power of
drives. However, the issues of optimizing the design of transfer points taking into
account the dynamic interaction of falling rock with the belt remain insufficiently
studied. To solve the assigned problems, a finite element method was used using
the ANSYS Workbench 2021 software package, Explicit Dynamics module. This
software enables nonlinear dynamic analysis taking into account large deformations,
contact interactions, and complex material models (Fimbinger, 2021:98, Ogden,
1972:20).

Figure 1. Belt conveyor transfer point in open-pit mining

Belt reliability and stability play a key role in transporting rock by
conveyors. To ensure the smooth and safe operation of the conveyor, it is
essential to consider the belt’s stress-strain state (SSS), which serves as an
important indicator of its technical condition, service life, and reliability.
SSS analysis allows one to identify belt sections experiencing the greatest
internal stresses and deformations under the impact of the transported rock
mass. This is especially important when the belt is subject to external factors,
such as high speed, impact loads from rock falling from the hopper, and the
geometric features of the transfer section. For example, significant loading
heights increase the impulse load, which can cause fatigue damage and
accelerated belt failure. To conduct engineering analysis and obtain accurate
quantitative characteristics of the stress-strain state, it is recommended to
use modern software and computing tools such as MathCAD and Maple
18. These systems offer extensive mathematical modeling capabilities and
allow:
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— Develop adequate models of belt behavior under load, taking into
account its physical and mechanical properties;

— Perform numerical solutions to continuum mechanics equations;

— Perform parametric studies, varying design and operational parameters;

— Visualize the results in the form of graphs and stress distributions,
simplifying data interpretation.

The use of such software packages makes it possible to optimize the
design of handling units, select rational conveyor operating parameters, and,
as a result, improve the overall reliability and efficiency of the transport
system at a mining facility. This is especially relevant when developing new
sites or upgrading existing facilities, where complex mining, geological,
and technological conditions must be taken into account. Using Ansys
Workbench software, 3D models of a loading and unloading bin located
between two sections of conveyor lines were developed using precise
geometric parameters. Analysis of the resulting 3D models revealed a
number of factors that contribute to damage and rupture of the main
conveyor belt. Specifically, graphical and numerical calculations revealed
that the bin’s design features, rock fall height, trajectory deviation angle, and
uneven material distribution on the receiving end of the belt are key factors
influencing the occurrence of critical loads.

Stage 1. Creating a Geometric Model

1. A 3D model of the transfer point was created, including:
2. A hopper made of 30 mm thick steel sheet (height varied: 3.5 m, 5.4

m, 7.8 m);

3. A section of conveyor belt 8.4886 m long;
4. A system of roller supports with installation pitches of 0.25 m, 0.5 m,

and 1.0 m;

5. Arock mass weighing 143.17 kg.

Step 2. Determining the properties of materials

To accurately describe the behavior of the rubber-cord belt, the Ogden
hyperelastic model was used, which adequately describes the nonlinear
behavior of rubber-like materials under large deformations. The strain
energy density in the Ogden model is determined by the expression:

1

w=zl, -(AT+a+4 -3+, Z0-0* O

where i, oi, Di — material constants; A, A,, A, — main extensions; J —
volume ratio.
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The following parameters were used for the STAHLCORD® ST 1600
conveyor belt:

1. Young’s modulus of steel cables: E = 200 GPa;

2. Poisson’s ratio of rubber: v = 0.49;

3. Density: p = 1200 kg/m?;

4. Number of cables in the belt: 114 pcs.;

5. Cable diameter: 11.2 mm,;

6. Cable pitch: 17.2 mm.

The rock was modeled as a perfectly solid body with a density of 2000
kg/m?, which corresponds to the overburden of a coal mine. The bin is made
of structural steel with a Young’s modulus of E = 200 GPa and a Poisson’s
ratio of v=0.3.

Step 3. Setting boundary conditions and loads

The process of rock falling from the hopper of a face conveyor (speed 5
m/s) onto the belt of a main conveyor (speed 5.6 m/s) was simulated. The
edges of the belt were secured longitudinally to simulate an endless belt. The
roller supports and hopper were fixed. The coefficient of friction between
the rock and the belt was assumed to be 0.2.

Step 4. Building a finite element mesh

To discretize the model, 8-mm-sized hexahedral volume elements were
used. In areas of rock-belt contact, local mesh refinement to 4 mm was
applied to improve calculation accuracy. The total number of nodes was
4,300, and the number of elements was 2,040 (Kassenov, et al., 2022:6,
Toshov, et al., 2023b:13, Sagitov, et al., 2023:12). In the graph (Figure 2),
the maximum stress value is shown in green, the average stress value is
shown in blue, and the minimum stress value is shown in red. According to
this graph, the maximum stress of 6.881 MPa is reached at 4 seconds, which
is caused by improper use of the conveyor belt, which reduces its reliability.

1000 m)
]

Figure 2. General view of the transfer point model, stress-strain state of the conveyor belt
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The graph shows the dependence of the movement of rock along a
conveyor (Figure 3) from a 7.8 m high bin on time. Numerical values of
rock stress are given in Table 1.

&

£,9794
E,
5,
E 0
3
2,
1,
4110483 e
[} 1, 2 3, 4

[s]
| 1 |

Figure 3. Graph of voltage versus time during loading of a hopper with rock

Table 1. Numerical values of rock stress (7.8 m)

Time (s) Minimum (MPa) Maximum (MPa) Average (MPa)
1,1755e-038

0,2 8,2027¢-005 2,1574e-003 -7,4216e-005
0,4 8,3377e-005 0,28732 2,179¢-002
0,6 0 0,97651 8,3257e-002
0,8 2,043 0,18428

1 8,7678¢-005 3,6078 0,32728
1,2 8,6954¢-005 5,087 0,47641
1,4 0 4,8652 0,43775
1,6 7,0919¢-005 43137 0,38328
1,8 1,078¢-004 4,1191 0,35089

2 0 4,2917 0,36165
2,2 4,6891 0,41616
2,4 1,0919¢-005 48137 0,46946
2,6 6,6299e-004 5,6519 0,52721
2,8 6,2206e-004 5,5866 0,5351

3 2,3985¢-004 59213 0,56474
32 8,0004e-004 6,5554 0,61902
34 3,7188e-004 6,7116 0,65906
3,6 8,0968¢-004 6,9736 0,67127
38 3,1114e-004 6,9794 0,68129

4 2,6468e-003 6,8811 0,67522

We conducted a detailed study and analysis of the operational challenges of
conveyor transport during stripping operations in quarries. This analysis revealed
that the main problems in transporting overburden stem from various causes of belt
breaks. Therefore, a scientific study was conducted, which identified one of the
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main problems: frequent belt conveyor breaks during operation, caused by both the
structural and technical features of the belt itself, as well as the impact force of the
mined rock from the conveyor’s loading and unloading hopper. Detailed modeling
has shown that with an increase in the hopper height by 20-30%, the stress
concentration in the receiving zone of the conveyor belt increases by more than 40%.
An unfavorable combination of drop height and hopper shape leads to localized
impact loads, which causes accelerated wear, the appearance of microcracks, and
subsequent belt ruptures (Mityushov et al., 2005:176). the study also examined in
detail the specifics of conveyor operation during stripping operations at open-pit
coal mines. Analysis of practical data and modeling revealed that belt damage on
main conveyors is caused not only by the design and technical characteristics of the
belt itself (strength, thickness, reinforcing materials), but also by the impact loads
generated when rock mass falls from the hopper. The scientific study confirmed that
the combination of these factors-belt design features and dynamic loads-is the key
cause of frequent accidents and ruptures of main conveyor belts during operation.

Results. Thus, modeling and analysis confirmed the need for an integrated
approach to the design and operation of conveyor transfer units, which will
significantly increase the service life of the equipment and reduce repair costs. The
results of the studies of the belt stress-strain state depending on various transfer
point bin heights are shown in the table 2.

Table 2.
Bunker height
Conveyor line speed
35m 54m 7.8 m
6-6,6 m/c 5,461 MIla 4,421 MIla 7,387 Mlla
3,15-4 m/e 5,161 MIla 4,339 MIla 6,881 MIla
5-5,6 m/c 0,483 MIla 0,433 MIla 1,203 MIla

The results of these studies are reflected in the graphs of the stress-strain state
of the belt depending on the fall of rock from various heights of the bunker per unit
of time (Figure 4).
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Figure 4. Graph of the dependence of the stress-strain state of the tape on the height of the rock
mass fall

As a result of such determination of the optimal height of the bunker for this
technological process, the following formulas were obtained:

5 m .
o = {0,415k — 4,238h + 15,215ifspeedv = 6 — 6,6?&34??1- —3,52h + 13,232if speedv

m . m
= 3,15 —4—0,081h* — 0,745h + 2,101ifspeedv = 5 — 5,5? (2)
s

Formulas for quadratic sigma-h relations obtained by processing with linfit in
MathCAD.

To obtain analytical relationships suitable for engineering calculations, statistical
processing of the modeling results was performed using regression analysis. We
constructed a single-factor regression model. Thus, the problem is reduced to
solving the following system of equations:

2

1 VO VO ao 0'0
2 _

I vy » la |=|0o G
2

1 V2 V2 az 0-2

According to the obtained results (Table 2), the coupling function that allows
solving equation (4) and determining the values of the belt tension depending on
the change in the linear speed of the conveyor for different bin heights has the
following form:
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o = {2,94004662v% — 31,04910956v + 82,31669232 at h=3,5m 1,277082112v2
11,82723901v + 26,85108066 at h=>5,4m 3,575710954v* — 37,70792074v + 4
100,5013077 at h=78mM ( )

Using the Maple 18 program, a graph (Figure 5) was constructed of the belt
tension depending on the change in the linear speed of the conveyor for different
bin heights.

7
3 (MPa} & <
L7 b
1 __.'"
4
3 - y 7
1 ‘\ /
2 \ B
1 '
a ' = T — _| T | T T T T T
45 5 55 & 6,5

WV, conveyor speed (m/s)

Figure 5. Graph of the stress-strain state of the belt depending on the change in the linear speed
of the conveyor for different bin heights

Now let’s construct a two-factor regression model, that is, determine a single-
valued correlation function describing changes in conveyor belt stress depending
on bin height and belt speed. To do this, we construct a two-factor function in
nonlinear form. In this case, we use the least-squares method to make the model
usable. In general, force is defined as follows:

o =a+bh+cv+dh® +ev’ + fhv+kh*v+ I +my’ (5)

Here a, b, ¢, d, e, f, k, 1, m are the coefficients that need to be determined,
calculated and determined using the Maple 18 software package based on the data
given in Table 2.

The problem is reduced to solving this system of equations:

1 hy v, h vi hy, HKv, hv. v, | a, o,
I hlz v12 hv, hI2v1 h1V12 "13 a 0,
28 8 8 8 8 © B @||8| |8 (©)
EERCER A haz vsz hyvy hxz Vg hsva? Vg 1 L% Gy
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Now we define the following two-factor correlation function:

o = 0,013h%v +
0,173hv* + 592,547v°+0,207h* — 1,974hv — 9538v° + (7)
+2,570h +50167,8 — 85975,509

Using this objective function (4), the belt stress is determined using a single
value for various changes in bin height (h) and conveyor speed (v). The accuracy
level of the Fisher criterion is P = 0.93—0.96% for the function (Figure 5).

A graph of the change in the stress-strain state of the belt depending on the speed
and height of the conveyor bin was obtained (Figure 6).

Figure 6. Graph of changes in the stress-strain state of the belt depending on the speed and
height of the conveyor hopper

The obtained results are consistent with the research of other authors in the field
of conveyor transport optimization. In particular, the work of Lech Gladysiewicz
and Robert Krol (Lech, et al., 2021:6) showed that optimizing the design of transfer
points can reduce dynamic loads on the belt by 25-40%, which is close to our
results (a reduction of 64% when moving from a height of 7.8 m to 5.4 m).

Research by Gabriel Fedorko et al. (Gabrie et al., 2018:12) confirmed the
effectiveness of the finite element method for analyzing the stress-strain state of
conveyor belts. However, their work focused on analyzing cable frame defects
during operation, while our study focuses on optimizing the design to prevent
damage. The Ogden model used to describe the behavior of the rubber elements
of the belt showed good agreement with the experimental data, which is consistent
with the conclusions of (Miriam et al.,2019:11). The model coefficients determined
for a specific type of belt made it possible to describe its behavior under large
deformations with high accuracy. Theoretical and numerical studies demonstrated
that accounting for the stress-strain state (SSS) of a belt, depending on changes in
operational factors such as conveying speed and transfer height, provides important
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engineering data for subsequent design and technological improvements to belt
conveyors. The calculation results not only identified potentially hazardous areas
with increased stress concentrations but also suggested approaches to optimizing
equipment operation to minimize wear and tear and increase its service life. The
use of MathCAD and Maple 18 computational programs demonstrated extensive
capabilities in modeling complex processes arising during the interaction of rock
with a moving belt. The flexibility of setting calculation parameters, the high
accuracy of numerical solutions, and the visualization of results ensured a high-
quality analysis of the structure’s behavior in various operating modes. Thus,
the conducted research forms the basis for further engineering research aimed at
improving the reliability and efficiency of conveyor transport systems, which is
essential for mining companies facing increasing demands on productivity and
process stability.

Conclusion. It was established that the primary causes of conveyor belt damage
are associated with high conveyor speeds and large rock drop heights from the hopper.

Modeling in Ansys Workbench identified critical stress concentration zones and
provided recommendations for optimizing the design of handling units.

Regression models constructed in MathCAD and Maple confirmed the
relationship between hopper height, conveyor speed, and SSS with a high degree
of reliability (P = 0.93-0.96).

To reduce belt damage, the following is recommended:

 Optimize hopper height and belt speed;

* Use guide devices to evenly distribute rock;

* Use shock-absorbing inserts in the impact zone;

* Select belt materials with increased wear resistance.

These results can be used in the design and modernization of belt conveyors to
improve their reliability and durability in mining environments.
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