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The scientific journal News of the National Academy of Sciences of the Republic of Kazakhstan,
Series of Geology and Technical Sciences has been indexed in the international abstract and citation
database Scopus since 2016 and demonstrates stable bibliometric performance.

The journal is also included in the Emerging Sources Citation Index (ESCI) of the Web of Science
platform (Clarivate Analytics, since 2018).

Indexing in ESCI confirms the journal s compliance with international standards of scientific peer
review and editorial ethics and is considered by Clarivate Analytics as part of the evaluation process
for potential inclusion in the Science Citation Index Expanded (SCIE), Social Sciences Citation Index
(SSCI), and Arts & Humanities Citation Index (AHCI).

Indexing in Scopus and Web of Science ensures high international visibility of publications,
promotes citation growth, and reflects the editorial board’s commitment to publishing relevant,
original, and scientifically significant research in the fields of geology and technical sciences.

«Kazaxcman Pecnybnuxacel ¥immulx 2vlieim akademuscvinvly Xabapnapul. [eonocus wcomne
MEXHUKANBIK  bLILIMOAD Cepuschly eblivlmu dcypuanst 2016 dceinoan 6acman Xanelkapanwlk
peepamusmix JHcaHe EbLILIMUMEMPUATLIK Scopus 0epeKKOPbIHOA UHOEKCmeneol JHeaHe mypaKmol
OUOTUOMEMPUATBIK KOPCemKiumepoi Kepcemin Keneoi.

Convimen kamap ocypran Web of Science naamgpopmacwinviy (Clarivate Analytics, 2018)
Xanvikapanvli peghepamusmix sicamne Haykomempusnwlx oepekkopwl Emerging Sources Citation Index
(ESCI) mizimine eneizineen.

ESCI 0epexkopuvinoa unoekcmenyi scypHAIO0bIH XATbIKAPAbIK SbLILIMU PeYEH3UANAY MATAnmapvl
MeH pe0aKyusIblK SMUKa CMaHoapmmapviia catikecmiein pacmatiosl, conoati-ax, Clarivate Analytics
Komnauuscel mapanvinan oaceiivimovt Science Citation Index Expanded (SCIE), Social Sciences
Citation Index (SSCI) owcone Arts & Humanities Citation Index (AHCI) depexkoprapvina ewneizy
Kapacmulpuliyod.

Scopus  owcone Web of Science Oepexkkoprapvinoa uUHOEKCMENYi  HCAPUATAHBIMOAPOLIH
XanvlKapanvlk 0eyeelioe Heo2apbl CYPAHbICKA ue OOIYbIH KAMMAMACHI3 emeoi, O1apObly 0UeKCos Ay
KopcemKiwimepiniy apmyusina viknan emeoi Jcane pedaKyusiblK alKanbly 2e0n02us MeH MeXHUKATbIK
SBLILIMOAD CANACHIHOA&bL ©3eKMmi, Oipecell JiCoHe EbLIbIMU MYPEbIOaH MAHbI30bl 3epmmeynepoi
JCapuAnay2a YMmuliblColH AUKbIHOALObL.

Hayunwiii sicypran « News of the National Academy of Sciences of the Republic of Kazakhstan, Series
of Geology and Technical Sciencesy c 2016 2o0a undexcupyemcs 6 mesncoyHapooHoll pepepamusHol
u Haykomempuueckou 6aze Oanuwvix Scopus u OeMOHCmpupyem cmabuivHvle OubIUOMempuiecKue
nokasamern.

JKypHan maxaice 8KIHOUEH 6 MENCOYHAPOOHYIO pedhepamueHyio U HAYKOMEmPUYecKyro 6azy OaHHbIX
Emerging Sources Citation Index (ESCI) nramgopmer Web of Science (Clarivate Analytics, 2018).

HUnoexcuposanue ¢ ESCI noomeepoicoaem coomeemcmeue HCYPHALA MENCOYHAPOOHBIM
CMAHOApMam HAyUHO20 PEYeH3UPOBAHUS U PEOAKYUOHHOU IMUKU, d MAKIHCE PACCMAMPUBAEMCS
xomnanueu Clarivate Analytics 6 pamkax oanvHetiue2o exkarouenus uzoanus 6 Science Citation Index
Expanded (SCIE), Social Sciences Citation Index (SSCI) u Arts & Humanities Citation Index (AHCI).

HUnoexcuposanue 6 Scopus u Web of Science obecneuusaem 6bICOKYIO MeHCOYHAPOOHVIO
80CcmMpebosaHHOCMb  NYOIUKAYULl, CHOCOOCMEYem pocmy YumupyeMocmu u noomeepicoaen
cmpemaerue pedaKyuoHHOU Koate2uu nyOIuKo8anms akmyaibHble, OPUSUHATbHbIE U HAYYHO 3HAYUMbLE
UCCIe008AHUS 8 0OIACTIU 2€002UU U MEXHUYECKUX HAVK.
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Abstract. In the mining industry, transporting rock overburden and ores from
deep and medium-depth open pit horizons to the surface is a critical challenge.
The most efficient solution is the use of cyclic flow technology (CFT) with steeply
inclined conveyors (SIC). This paper justifies the application of a steeply inclined
tubular conveyor at the Gleivatsky open pit of PJSC ‘Central Mining and Processing
Plant’, Ukraine, detailing the design and calculation of key structural parameters
across all conveyor sections. Key technical dependencies—such as belt speed, belt
width, roller support pitch, and space filling—are related to mining and geological
characteristics of the rock mass (including maximum piece size and strength) and
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conveying parameters (angle, height of ascent, and route length). The belt tension
at critical points of the conveyor contour is calculated, along with drive and
tensioning station parameters. For a specified conveyor route with defined lengths
and inclined angles, a tubular conveyor design with a 3000tonnes/hour capacity is
proposed. The conveyor’s total lifting height is 370meters. The drive system is a
two-drum tandem with a belt girth angle of 430°, and power of 6300kW. The belt
used is a 2200mm wide rubber rope conveyor belt. The conveyor bed section design
includes 8 roller supports, each with 6 rollers; the section measures 12,000mm in
length, 1300mm in width, and 2200mm in height. The practical significance lies
in the validated application of steeply inclined tubular conveyors alongside quarry
faces in cyclic-flow technology, enabling efficient transport between deep mining
horizons and the surface.

Keywords: deep open pit, conveyor parameters, roller supports, conveyor belt,
drive
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AnHotanus. Tay-keH eHEpKociOiHAEe TepeH JKoHe opTalia TepeHIIIKTerl
Kapbepliep/ie Tay KBIHBICTAPHl MEH pyJAaHbl jKep OeTiHe TackMaijgay Moceneci
epeKIle 63eKTi OOJIBIN Ta0bLIaAbI. byl MoceeHi mennyAiH €H THIM/II )KOJIIapbIHBIH
0ipi — MUKIIK-aFrbIMABIK TexHOoTusiHbl (LIAT) KaTThl eHicTi KoHBelepiiepMeH
(KEK) yitnecripe konmany. Ocbiran OaiimaHbICThI )KyMbIcTa Y KpanHagarsl « L[I'OK»
AK-HbIH ['nieeBaTCKUil Kaphepi KarJaiblHAa KaTThl CHICTI TYTIKTIK KOHBeHepi
KOJIIaHYIbIH TeXHUKAJIBIK-)KOHOMHUKAJIBIK Heri3neMeci jkacanisl. KoHBerepniH
OapIbIK TachkIMalJlay y4acKeliepl YIIiH KOHCTPYKIHUSJIBIK HICHIIMACP TaHIAJbIII,
HEri3ri KOHCTPYKTHBTIK TapaMeTpiiepi ecenTenai. ay-KeH-TeOJOTHSIIBIK
napamerpiiepre (KECeK >KbIHBICTBIH MaKCHMAJIIbI OJIIIeMI, JKbIHBICTBIH OCpIKTIK
KacHeTTepi) JKOHE TachIMaJIay/blH TEXHOJOTHSIBIK IapaMeTpliepine (Ketepy
OypbIlIbl MEH OWIKTIri, Tpacca Y3bIHIBIFbI) OaiJaHbICTBl KOHBEHEpiH HeTi3ri
TEXHUKAJBIK CHITATTaMalapbl apachlHAAFBl TOYEJAUTIKTED aHBIKTANABI. ATar
alTKaH/a, JIeHTa KbUIIAM/BIFBL, JIGHTA €Hi, POJIMK TIPEKTEPiHIH apaKallbIKTHIFbI
JKOHE JKYKTIH ToJTy Kod(durmeHTi ecentenmi. TYTIKTIK KOHBeHep KOHTYpPHIHBIH
HETI3r1 HYKTEeJepiH/e JEeHTaHbIH TapTbUly KEpHEYJIepi aHBIKTAJBII, KETEK YKOHE
TapTy CTaHIUSIAPBIHBIH IMapaMeTpiiepi Herizgenmi. benrimi Oip Y3BIHABIK IICH
CHICTIKKE ue KOHBelep Tpaccachl yuiH caratbiHa 3000 ToHHA OHIM TackIManayFa
apHaJIFaH TYTIKTiK KOHBEHepIiH KOHCTPYKITMACH YCHIHBULIBI. KoHBeHep MiH JKaIbl
keTepiny OuikTiri 370 M Kypaiigsl. JKerek exi OapadaHzpl (TaHIEM-KETEK) OOJIBIIT
TaOBLIA/IbI, ajl JICHTAHBIH JKaimak opany Oypermbl 430°-ka TeH. YKeTek KyaTsl
6300 xBT. KonpmanpuiaTelH JIeHTa TYpi — pe3WHa-apKaHIbl KOHBEHEpIiK JICHTa,
eHi 2200 mM. bacTankpl TEXHONOTHSJIBIK TajanTapFa Colkec KOHBEHEpIiK Tipek
CEeKIMSCHIHBIH KOHCTPYKUMSICHI KAOBUIIAH/IBI: 0J1 8 POJIMK TiperiHeH Typaibl, 9pOip
TipeK 6 poiuKneH xadapikTanrad. CekuusHbH Y3bHABFE 12 000 MM, erni 1300
MM, Ouiktiri 2200 MM. JKYMBICTBIH TPaKTUKAJIBIK MaHBI3bl IHKJIIIK-aFBIMJIBIK
TEeXHOJIOTHS MIEHOEPiH/Ie Kaphep/liH METKI aifMarbIHa alllbIK OPHAIACTHIPHUIATHIH
KATTBl CHICTI TYTIKTIK KOHBeHepIiep/ i KoJIaHyAbl Heri3aey e kaTelp. by tocin
TepeH Kapbepliepieri OHAIpy TOPU30HTTAPBIH XKep OSTIMEH THIMJII pi Y3/IIKCi3 KYK
TachIMaJIjIay )KYHEeCIMEeH KaMTaMachl3 €Tyre MyMKIHIIK Oepeti.

Tyiingi ce3mep: TepeH Kapbep, KOHBeWep mapaMeTpiepi, POJHK TipeKTepi,
KOHBEHEPIIiK JICHTA, )KETeK
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AnHOTanus. /[y1si TOpHON NMPOMBIIIJICHHOCTH 0COOCHHO aKTyallbHa MpodiemMa
TPAHCTIOPTUPOBAHUS CKATBHBIX BCKPBIITHBIX TIOPOJI U Py U3 TIIYOOKUX U CPETHUX
o TIIyOWHE TOPU30HTOB KaphepoB HA MOBEPXHOCTh. Hambonee pannoHaIbHBIM
pelieHueM SBJsieTcs MpUMEHEeHHe IUKIMYHO-oTouHoi TtexHonorun (LIIIT) c
kpyToHaknoHHEIME KoHBeliepamu (KHK). B cBs3u ¢ 3TiiM B paboTe BHITIOTHEHO
00OCHOBaHHE TMPUMEHEHUs KPYTOHAKIIOHHOTO TpyO4YaToro KOHBeWepa s
ycnoBuii I'meeBatckoro kapsepa UAO «LI'OK» (Ykpawmna), mpoBenéH BEIOOD
KOHCTPYKUMU U BBINOJIHEH PACUYET OCHOBHBIX KOHCTPYKTHUBHBIX MapaMETpOB
KOHBeHepa Ha BCeX y4acTKax TPaHCIIOPTUPOBAHUS. YCTaHOBJIEHBI 3aBUCHMOCTH
TEXHUYECKUX TTapamMeTpoB (CKOPOCTH JICHTHI, IIMPHUHBI JICHTHI, IIIara POJMKOOTIOP,
CTEIICHU 3aIl0JHEHUS TPAHCIIOPTUPYEMBbIM MAaTEPHUAIIOM) OT TOPHO-TEOJIOTHUECKUX
XapaKTepUCTHUK TOPHOH Macchl (KPYNMHOCTH MAaKCHUMAaJbHOTO KyCKa, KPEHoCTH
MOPOJ) ¥ TEXHOJIOTMYECKUX TapaMEeTPOB TPAHCIOPTHPOBAHUSA (yIJia U BBICOTHI
nonséMa, JUTMHBI Tpacchl). OnpeneneHbl HATSOKEHUS JIGHTHI B OCHOBHBIX TOYKaX
KOHTypa TpyO4aTroro KOHBeWepa, a TakKe pacCUMTaHBl IMapameTphl MPUBOTHON
U HaTSOKHOW craHuuid. JlJisi KOHBEWEpPHOW Tpacchl C 3aJaHHBIMM JJIMHAMHU U
yriiaM#y HaKJIOHHBIX YYaCTKOB IPEIOKEeHa KOHCTPYKIHSA TpyOdaToro KOoHBekepa
npousBoauTeabHOCTRI0 3000 T/4. OOmias BbicoTa moabéma coctaBisieT 370 M.
[IpuBon - nByx6apabaHHbIH (TaHAEM-TTPHBO/T) C CyMMAapHBIM YTJIOM 00XBaTa JICHTON
430°. MomHocTs npuBoja - 6300 kBt. Tun neHThI: pe3UHOTPOCOBasi KOHBeepHas
nenTa mupuHOon 2200 mM. [1o MCXOTHBIM TEXHOJOTHYECKUM YCIIOBHSIM MPHUHATA
KOHCTPYKLUSI CEKLMM KOHBEHEPHOro0 CTaBa, BKIIOUAIOLIAS § POJUKOOIOP,
KaKJasi U3 KOTOPBIX COCTOUT M3 6 POJMKOB. J[IMHA CEKLMM CcTaBa COCTABISIET
12 000 MM, mmpuna - 1300 MM, BeicoTa - 2200 mm. [IpakTHdeckoe 3HaYCHHE
paboTHI 3aKIF0YAETCsl B 0OOCHOBAHUH NPUMEHEHHsI KPYTOHAKIIOHHBIX TPyOUYaThIX
KOHBEHEPOB C OTKPBITHIM pPAcCIOIOKEHUEM 10 0OpTy Kapbepa B IMKIUYHO-
MMOTOYHOI TEXHOJOTHH, 4TO oOecrieunBaeT 3()pPEeKTHBHYIO TPy30TPAaHCIIOPTHYIO
CBSI3b TOOBIYHBIX TOPU3OHTOB C MOBEPXHOCTHIO B MIIYOOKHX Kapbepax

KiroueBble c1oBa: TIIyOOKHA Kaphep, TapaMeTphl KOHBEHEPa, POITHKOOIIOPHI,
KOHBEHEpHast ICHTa, MPUBOJ
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Introduction. One of the main tasks of open-pit mining of ores in the Kryvbas,
which determines its prospects and economic efficiency, is the development of
efficient technologies of excavation, transport and dumping of crystalline rocks. In
the world practice cyclic, flow and cyclic-flow technologies are widely used (Isakov
et al., 2021). However, there are a number of problems in the application of each
of them. Cyclic technology is based on the transportation of rock mass by railway
and road transport, which have very high operating costs (Annakulov et al., 2023).
Flow technology is used for shallow open pits with insignificant productivity, while
for deep horizons of open pits requires a high degree of automation of technological
processes and application of, at least, artificial intelligence. This is the technology
of the future. Cyclic-flow technology in its classical version has an angle of
inclination of the conveyor route no more than 16 degrees, which blocks the non-
working side of the pit and the movement of the working side of the pit (Rakishev
et al., 2014). Thus, the issue of improving technological solutions for transporting
rock mass from deep horizons of the open pit remains relevant, as it significantly
affects the efficiency of ore extraction from deep horizons (Babii et al., 2022; Zhang
et al., 2010).

Literary review. The modern direction of solution of the set problem is
application of steeply inclined conveyors in the technological scheme of mining
and transporting of rock mass, therefore the most rational solution is application
of cyclic flow technology (CFT) in complex with steeply inclined conveyors (SIC)
(Babii, 2022), as it gives an opportunity to transport overburden rocks and ores
from deep and middle depths of the open pit horizons to the ground surface.

In IGTM named after N.S. Polyakov of the National Academy of Sciences of
Ukraine the scientific and technical justification of the application of steeply inclined
tubular conveyor for the conditions of Gleivatsky open pit of PJSC ‘Central Mining
and Processing Plant’ was performed and design study of its parameters was carried
out (Kiriia et al., 2024).

As the depth of the open pit increases and the overall angle of inclination
increases, the mining and technological situation of mining operations becomes
more complicated (Bubnova, 2024; Zhumagulov et al., 2022). Transport support
of stripping and mining operations becomes especially important due to problems
with the use of road transport. In this connection the substantiation of application
of steeply inclined tubular conveyor for conditions of Gleevatsky open pit of
PJSC ‘Central Mining and Processing Plant’ provides: analysis and comparison of
designs of steeply inclined conveyors with a pressure belt and tubular conveyor;
selection of design and calculation of basic design parameters of steeply inclined
tubular conveyor on all sections of conveying; calculation of loads of loaded
conveyor framework on the support bridge, created for passing of motor transport,
and determination of its parameters.

The design of the steeply inclined conveyor depends on the angle of lift of ore
and rock overburden by the conveyor, which can be up to 30-35 degrees. Operability
of inclined and steeply inclined conveyors is also determined by the particle size
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distribution of the rock mass, which should be such that at a given design of the
steeply inclined conveyor the stable condition of the belt and load is preserved (Gao
et al., 2024), there is no rolling of pieces and slippage of the belt, tight clamping of
pieces by the belt.

In works (Annakulov et al., 2023; Kiriia et al., 2024) the steeply inclined belt
conveyors used in the world practice were analysed. The closest analogues in
terms of mineral density and lifting height to the conditions of Kryvbas deposits
development are the conditions of copper ore mining, for example, the application
of a steeply inclined conveyor at the Majdanpek deposit (Serbia) (Pysmennyi et al.,
2022) and at the Muruntau open pit (Uzbekistan) (Xayitov et al., 2022).

In (Galkin, 2008) a comparative characteristic of technical and technological
features of conveyors with a pressure belt and tubular conveyor is given. The
comparative analysis of the limiting angles of inclination of the tubular conveyor
and the conveyor with a pressure belt showed that at the same basic parameters of
the conveyor the limiting angle of inclination of the conveyor with a pressure belt
is only 5-10 degrees higher than the limiting angle of inclination of the tubular
conveyor, but at the same time the cost and design complexity of the conveyor with
a pressure belt is higher than that of the tubular conveyor.

Application of SIC with a pressure belt for large lump rocks of the Krivoy Rog
basin has certain difficulties (Babii et al., 2022; Kiriia et al., 2024):

1) when transporting lumps of 0-400 mm in diameter on the conveyor with a
pressure belt there is loose adherence of the belt to the load, which leads to spillage
of the load on the idle branch of the conveyor;

2) due to the difference in speeds of the main and pressure belt during the
operation of the conveyor there is slippage of the belt, and since the rocks are
abrasive, it leads to rapid wear of the pressure belt;

3) insufficiently investigated modes in the design at the transition of the conveyor
to the steeply inclined part, there is no adherence of the belt to the rock, resulting
in their spillage;

4) complex and voluminous metal construction for maintenance and operation
of the pressure belt;

5) when using SIC for ore extraction during pit reclamation, the service life of
mining ledges is short-term and capital expenditures on SIC construction do not
have time to pay off.

Therefore, the next stage of research and design work in Ukraine and in the
world is timed to tubular conveyors, which have a wider range of parameters and
exclude the pressure belt.

Thus, the purpose of this work is to substantiate the main technical parameters
of the steeply inclined tubular conveyor in the conditions of application of CFT
in ore mining at deep open pits on the example of Gleevatsky open pit of PJISC
‘Central Mining and Processing Plant’.

The main parameters of currently operated tubular conveyors are in the range:
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— conveyor length - from 200 m to 19100 m;

— inclination angle - from 0 to 30°%

— belt speed - from 2 m/s to 7 m/s;

— productivity - from 300 t/h to 8650 t/h;

— belt width - from 1200 mm to 3000 mm;
— maximum lump size - from 0.1 m to 0.33 m;

— power - from 1000 kW to 3300 kW.

The advantages of tubular belt conveyors include;

— possibility to transport cargo along curvilinear sections of the route;

— angle of inclination up to 30° equal to the resulting angle of the quarry face;

— absence of harmful impact on the environment;

— reduction in the number of transshipment points and space saving;

—no spillage of cargo on the idle branch of the conveyor (Zhang et al., 2024).

However, it should be borne in mind that tubular belt conveyors are characterized by:

— increased roller loads;

— increased resistance to belt movement;

— belt torsion;

— considerable length of loading and unloading sections;

— more complicated installation and operation compared to belt conveyors.

The main factors affecting the performance of tubular conveyors include:

— track geometry (conveyor slope angle, radii of curved sections);

— belt capacity and diameter;

—roller support design and spacing;

— belt tension and speed;

— elastic and viscous properties of the belt;

— physical and mechanical properties of the load.

All the above-mentioned allowed the authors to consider the tubular conveyor
as the main type of belt conveyor (Masaki et al., 2017), possible for application
in the CFT scheme for delivery of rock mass to the surface in the conditions of
Gleevatsky open pit of the Central Mining and Processing Plant.

Object of research. According to the terms of reference, the depth of the
Gleevatsky open pit has reached 400 metres, with an annual ore output of 5.2
million tonnes. The transport and conveyor scheme should ensure annual output
from the open pit of 10 million tonnes of rock mass (5.2 million tonnes of ore and
4.8 million tonnes of rock overburden). The operation mode of the complexes is
year-round with 355 working days and a continuous working week with two 12-
hour shifts.

Materials and methods. Studies (Babii et al., 2022) have shown that the limiting
angle of inclination for tubular belt conveyors transporting bulk load depends on
the coefficient of internal friction of the load f, the coefficient of friction of the load
on the belt f, and the degree of filling of the belt (the angle of non-filling of the belt
0), and can be up to 30°, which corresponds to the parameters of our route.
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The layout scheme of the crushing and conveyor complex with the use of
a steeply inclined conveyor is presented in (Kiriia et al., 2024), in which also
calculated the technical characteristics of the conveyor route at the angle of rise of
rock mass 18-30 degrees on the side of the quarry and the maximum piece of 250
mm, which depends on the belt speed (Ma et al., 2024), belt width, as well as the
design features of the belt conveyor and loading and unloading points.

A critical condition for the application of the steeply inclined conveyor is the
granulometric composition of the rock mass, which should be 150-200 (maximum
250) mm. This granulometric composition can be provided by coarse crushers such
as KKD-1200/150, KKD-900/140, but the quality of blasting should be improved
and the oversize should be not more than 1000 (900) mm, respectively (Kratkovskyi
etal., 2020; Bubnova et al., 2024).

At detailed study of initial data (height of lifting, angles of lifting of sections on
the whole side, lumpiness of rock mass) taking into account preliminary researches,
the conclusion about the greatest expediency of application of tubular conveyor
in this case was made. Therefore, in further studies the calculations of the tubular
conveyor design were carried out.

In this work we used the Methodology of calculation of the main parameters of
the tubular conveyor developed at the Institute of Geotechnical Mechanics named
after N.S. Polyakov of NAS of Ukraine. N.S. Polyakov Institute of Geotechnical
Mechanics of the National Academy of Sciences of Ukraine Methodology of
calculation of the main parameters of the tubular conveyor, in which the main
dependences of technical parameters (belt speed, belt width, space filling) on the
mining and geological parameters of the rock mass (Zeitinova et al., 2024) (size of
the maximum piece, rock strength) and technological parameters of transportation
(angle and height of ascent, length of the route) are established.

Below is a preliminary calculation of the main parameters of the tubular conveyor
for the Gleevatsky open pit of the Central Mining and Processing Plant of Krivoy
Rog according to the Methodology. Based on the initial data, the project provides a
six-roller design of the tubular conveyor support (Fig. 1). The calculation scheme
of the tubular conveyor with the route profile is shown in Fig. 2.

Figure 1 - Normal cross-section of a tubular conveyor with six-roller roller supports
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is considered. For calculation we have the following initial data:

Ly

Figure 2 - Calculation diagram of the tubular conveyor

A two-drive tubular conveyor with straight and curved sections of the framework

1. Parameters of the conveyor:

— annual mass productivity of the conveyor, t/y
— number of working days in a year

— duration of a shift, h

— irregularity coefficient

— coefficient of machine time

— total length of the conveyor, m

— distance between the axes of the head

and tail drums, m

— height of cargo lifting, m

— lengths of inclined sections of the conveyor, m:

— length of the loading part of the conveyor, m

— length of the unloading part of the conveyor, m

— length of the first curvilinear section, m

— height of lifting the load on the first curvilinear
section, m

— length of the second curvilinear section, m

— height of lifting the load on the second curvilinear
section, m

—radii of curvilinear sections, m:

— angles of inclination of inclined sections of conveyor,
deg:
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a,=25
a,=23
a,=18

— belt speed, m/s v, =2

— angle of belt unfilled, deg 0=33

2. Parameters of roller supports:

a) six-roller supports:

— distance between roller supports of the load branch, m l, =15
— distance between roller supports of the idle branch, m =15
— mass of rotating parts of rollers of the working branch,

kg m,. =106
— mass of rotating parts of rollers of the idle branch, kg m, =64
— distance between roller supports of the 1st curvilinear

section, m [, =1

— distance between roller supports of the 2nd curvilinear

section, m 1,2 =0.5
b) three-roller supports:

— distance between roller supports, m [,=1

— angle of inclination of side rollers, deg B=20

— mass of rotating parts of rollers, kg m =106
3. Properties of transported cargo:

— bulk density of the transported cargo, t/m? p=2.5
— coefficient of internal friction of bulk cargo =07

— angle of natural slope of bulk cargo at its movement

with the belt on the conveyor rollers, deg ¢ =20

— average linear size of the largest large pieces of cargo,m  a_=0.25

4. Additional constants

— coefficient of resistance when moving the belt with the
load on the roller supports of the conveyor ®=0.3
— coefficient that takes into account additional resistance

when moving the belt and the load k =1.1
— coefficient of adhesion of the belt with the drive drum p=0.3
—reserve of adhesion of the belt with the drive drum K, =13
— reserve of drive power K,=12
— coefficient of safety margin of the belt n =383
— conveyor drive efficiency n=0.85

First, we determine the design capacity of the tube conveyor

_ Opk, 31250 -1.15

Q= 2tk

~ 3000 t/h.

According to the Methodology we determine the parameters of the tubular

conveyor belt:
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— belt diameter
D,=2R~=0.54 m.
In this case the condition must be fulfilled

2.5a,, <D,

a:

We take D, = 0.6 m or R = D,/2 = 0.3 m on condition of passage of large pieces
(Adamaev et al., 2015:1)

2.5a,, =2.5-025=0.626 m~D, =0.6 m.
In this case, according to, for the given characteristics of the load, the degree of
filling of the belt by the load y = 0.6 (60 %).
Determine the minimum value of belt width

B =2nR+A=2-3.14-03+0.5-0.6  2.18,

where A =0.5D, m is the width of the overlapping belt section,
B, =2-3.14-0340.5-0.6~2.18 m.

At the transition section the belt width is determined according to:

B=11 [—2  ,o0s5]|-=
3600 v,pK’

=1.1 \/ 5000 +0.05 | =118 m,
3600 -2-2.5-0.158

where K:, is the belt capacity coefficient at the transition section, for this case,
according to the calculation method, equal to 0.158.

Since B, 2 B, , the belt width is taken equal to B = B,=2.2 m = 2200 mm.

Maximum linear load on the belt

Q.2 3000-9.81
36v,  3.6-2

4 = 4088 N/m.

Maximum linear load per framework

g=¢q,+q, =4088+1078 =5166 N/m.
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Let’s assume linear weight of the cable belt 4, = 1078 N/m and thickness of the
belth, = 0.03 m.
Maximum distance between roller supports

4S5 _4-100000 -0.025

X

T Ry ™ T 314.0.3 25000

where v is specific weight of transported cargo, y =1000pg , N/m>.

We take the minimum tension of the belt on the tail drum §_ = 100000 N and the
maximum allowable deflection of the belt fmax =0.025 m.

As a result, the distance between the roller supports is chosen equal to / = 1.5
m, from which we can determine the distributed loads on the conveyor framework
from the rotating parts of the rollers of the six-roller supports.

To determine the power of the conveyor drive we find the belt tension at
characteristic points of the conveyor route (Khomenko et al., 2024), bypassing the
belt from right to left (Fig. 2).

The values of tension are given in Table 1, where

S, is the tension of the advancing branch on the first drive drum, N;

=142 m,

S, 1s the tension of the advancing branch on the second drive drum, N;

a
S, is the tension of the conveyor belt at the point of run-off from the first drive
drum, N;
S,52 is the tension of the conveyor belt at the point of run-off from the second
drive drum, N.

Table 1. Belt tensions at characteristic points of the tubular conveyor

Tension, N Established motion
(0 =0.04)
S=S,, 405886
S, 405886
S, 430239
S, 432524
S, 422708
S, 98980
S, 91330
S, 94340
S, 100000
S, 122452
S, 186328
S, 2163538
S, 2263228
S, 2275678
S, 5 2412220
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S, 2412220
S 2556952
S=S., 2556952
S1= S 1122908
S50~ S 1122908

Then we determine the girth angles of the drive drums

o =395°~400°.
Let’s take the girth angles of the first and second drive drums equal to o, =

200° and a,, = 200°.
Traction force of the conveyor drive

W,=8, -5, =2556952 —405886 =2151066 N.
Belt strength utilisation factor

eu(aoﬁaoz) -1 eo.3<3.49+3.49) 1

@ = _ =0.88.

eu(aoﬁaoz) - eo.3<3.49+3.49)

We choose from the table according to the value of the belt strength utilisation
factor @ = 0.88 the coefficient of load distribution between the drive drums K, = 2.
Circumferential forces on each drive

W, =W, Ko :2151066i:1434044 N;
ot 2+1
1 1
W, =W, =2151066——="717022 N;
o+l 2+1

Tension of the surging branch on the second drum

S, =S, =S, —W =2556952 —1434044 =1122908 N.

To check the clutch reserve on the first drum, we determine the ultimate tractive
force on the first drive drum

W, = KLS,,,1 (e —1)= %1 122908¢**** —1)=1597199 N.

ad

Since W, = 1434044 N < W, = 1597199 N, the girth angle a,, = 200° provides
the design tractive force on the first drive drum.
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Determination of the ultimate tractive force on the second drive drum

W, = KL S (e —1)= %405886@03’“9 ~1)=577323 N,

ad

Since W, = 717022 N > W, = 577323 N, it is necessary either to increase the
tension of the conveyor belt at the runaway point 3,, or the angle of girth of the
second drive drum o, ,.

The minimum belt girth angle of the second drive drum is determined from the
expression:

S, = (Sab2 S )Kad

eH‘“OZ -1
or
ey 1 — iz = Sesn )K, _ (1122908-405886)-13 )
See2 405886 ’
eu-aoz =33:
Oy, = h:)3—33 =3.98 pax =228.2°.

Let’s assume that the angle of the second drive drum is o, = 230° (4,01 rad).
Then

W, = KLS,,,2 (e"o> —1)= %405886(&3'4-01 ~1)=727501 N.

ad

Since W, =T717022 N < W, = 727501 N, the girth angle o,, = 230° provides the
design traction force on the second drive drum.
Finally, the total girth angle of the drive drums of the conveyor is as follows

o =0, + 0, = 200° + 230° = 430°.

Conveyor drive power

_Wyw,K, 2151066 -2-1.2
1000 M 1000 - 0.85

Drive powers on the drive drums
— on the first drive drum

=6073.6 ~ 6074 kW.
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K 2
N, =N 2 _ = 6074—— =4049 kW;
K,+1 2+1
— on the second drive drum
1 1
N,=N =6074—— =2025 kW.
K,+1 2+1

We choose the power of the first and second drives equal to
N, =4200 kW =2x2100 kW; N, =2100 kW.
Total power of motors
N=N,+N,=4200+2100 = 6300 kW.

Loads on rollers of the six-roller support of the linear section of the tubular
conveyor framework are determined according to the method, which makes it
possible to determine the reliability parameters of the support elements of the
conveyor line for the selected type of bearings: the intensity of the failure flow of
roller supports, the average service life. Having such data for the conveyor it is
possible to determine the intensity of its maintenance, i.e. to predict the mode of
repairs (replacements) of supporting elements, providing a given level of reliability
of the whole conveyor framework.

At the last stage we determine the parameters of the tensioning device:

— type of tensioning device — hoist;

— forces acting on the tensioning drum at stationary mode

S, = S, +S, = 94340 +100000 = 194340 N;

— forces acting on the tension drum during start-up

S, =278, =2.7-94340 = 254718 N.
Calculation of the full stroke of the tensioning drum

L =L

“full -

+ L, =0.025L +0.015L = 40 m,

elon

where L, is the length of the working stroke of the tensioning drum caused by
belt elongation, m; L, , is the length of the tensioning drum stroke required for belt
docking, m.

69



ISSN 2224-5278 1.2026

Results and discussion. So, for a conveyor route with certain lengths and angles
of inclined sections (Fig. 2), the design of a tubular conveyor with a capacity of
3000 t/h is proposed. The total lifting height of the tubular conveyor is 370 metres.
The drive is two-drum (tandem-drive) with the belt girth angle 430°. Drive power
6300 kW. Belt type: rubber cable conveyor belt made by Conti Tech (Continental).
Belt width 2200 mm. Breaking strength 10000 N/mm.

The basic data for designing of tubular conveyor with increased angle of
inclination are determined: parameters of conveyor, roller supports, belt, drive and
mechanical characteristics of transported cargo (Rupam et al., 2024). According
to the initial technological conditions the design of the section of the conveyor
framework is accepted (Fig. 3). The section of the framework consists of 8 roller
supports, each of which includes 6 rollers. The length of the mill section is 12000
mm, width 1300 mm, height 2200 mm. The roller support of the tubular conveyor
is shown in Fig. 4.

The total length of the loading section of the conveyor is 50 m, where after the
tensioning drum on the section /, = 2 m three-roller supports with variable angles
of side rollers from 0 to 20° are installed. At the loading point in the section /,
= 3 m, roller supports with side roller angles from 20 to 25° are installed. In the
section /, = 30 m the belt is formed into a tube by lower side rollers with side roller
angles from 20 to 60°. The distance between roller supports is 1 m with a sequential
increase of the angle of inclination of the side rollers by 1°20". In the section [, =
10 m, the belt is formed into a tube using the upper side rollers with an inclination
angle of the side rollers from 80 to 120°. The distance between roller supports is 1
m with a consecutive increase of the angle of inclination of the side rollers by 4°.
In the section /; = 5 m the belt edges are formed by the upper rollers. The distance
between roller supports is 1 m.

1452
- 7x1500=10500
[~_1s00 _ "‘ 1300

2200

o L
g d
3 ‘ 1000 |
S
1128

Figure 3 - Layout diagram of the conveyor framework section layout
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-

|555x

————

Figure 4 - Roller support of the tube conveyor

Unloading is performed in reverse order with side rollers in vertical position and
subsequent belt flattening. The total length of the belt unloading forming section
is 45 m.

According to the calculation, the total power of the tubular conveyor drive has
been determined, which is 6300 kW. It is provided to apply 3 electric motors M V-
HV 560X-04 with technical characteristics: phase rotor; 2500 kW; 6000V; 50 Hz;
1500 rpm; S1; DOL; IP55; IC 611; IM B3 (1001). Electric motor manufactured by
FOCOQUET (Belgium).

The set of actuator station includes 3 gearboxes model GSM RXP3/834MS/A/63/
ECE/N/M1/LF (Italy).

Conclusions. Based on the results of the work performed, the following can be
noted.

1. The experience of development in the world mining industry in the direction
of ore mining at deeper horizons of open pits shows the greatest efficiency of the
use of cyclic-flow technology with the use of steeply inclined conveyors.

2. The article considers the justification of application of steeply inclined
tubular conveyors with open location on the side of the open pit in the cyclic-
flow technology, which provides an effective cargo transport connection of mining
horizons with the surface. Crushing and conveyor complex with application of
steeply inclined tubular conveyor is envisaged to be carried out on the southern
side of the open pit at its partial location on bedrock between horizons minus 299
to minus 150 m, and on bulk rocks of the inner deposit between horizons minus
150 m to plus 58 m.

3. Justification and calculation of the main design parameters of steeply inclined
tubular conveyor for conditions of Gleevatsky open pit of PJSC ‘Central Mining
and Processing Plant’. The design of the section of the conveyor framework, which
consists of six roller supports, consisting of 6 rollers each. The length of the section
of the mill is 12000 mm, width is 1100 mm, height is 2100 mm. Parameters and
design of transition sections are also proposed.
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