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Abstract. Conveyor transport of mining enterprises is a constant source of accidents. With increasing depth of
mines and quarries and with an increase of the load on the transport systems, the problems of ensuring the safety and
health of people, environmental protection. The solution of these problems is associated with the development of the
theory of reliability of technical systems and the assessment of technogenic risks. Currently, in connection with the
tightening of environmental requirements, a promising area is the use of tubular belt conveyors that cause the least
damage to the environment compared with other types of conveyor transport. Due to the more complex processes
occurring when tubular conveyors operate, risk factors and their consequences differ significantly from risk factors for
other types of conveyor transport. Based on the experience of operation and from the preliminary analysis of the
processes occurring during the operation of tubular conveyors, for them a classification of risk factors is external and
internal factors, as well as risk factors affecting a person. The risk factors from external influences include temperature,
humidity, dustiness of the atmosphere, soil instability, weather conditions, physical properties of load, geometry of the
route. Internal risk factors are errors in designing, calculating the constructive and regime parameters of the conveyor,
violation of the rules of operation and safety. Risk factors affecting a person when working a tubular conveyor are
classified as mechanical, thermal, electrical and chemical. In addition, risk factors for a tubular conveyor are classified
according to individual nodes of drive, stand, and belt. The risks of the failure of supports rollers of the tubular conveyor
are considered. It is given a failure tree, where possible rollers failures are listed in detail and the risks of the torsion of
the tubular belt leading to the conveyor failures.

Keywords: ribbon tubular conveyor, reliability, risk factors.

Conveyor transport of mining enterprises is a constant source of emergencies and
accidents [1, 2].

With the increase in the depth of mines and open pits, as well as with the increase
in the load on transport systems, the priority tasks are to ensure the safety of working
personnel and protect the environment. The solution of these problems is associated,
among other things, with the development of the theory of reliability and safety of
technical systems, as well as with the assessment of technogenic risks.

At present, the requirements for environmental protection are reinforce abroad.
Therefore, tubular belt conveyors are widely used.

Tubular belt conveyors cause the least damage to the environment compared to
other types of conveyor transport. However, due to the more complex processes
occurring during their operation, first, when the tubular belt with a load moves along
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the roller supports of the conveyor stand, which has a more complex design, the risk
factors and their consequences can differ significantly from the risk factors during the
operation of other types of conveyors.

Based on operating experience and a preliminary analysis of the processes
occurring in tubular conveyors, risk factors are classified as external, internal and
affecting humans.

Risk factors from external influences on the pipe conveyor include:

- ambient temperature;

- humidity of the environment;

- dustiness of the environment;

- seismicity and soil instability;

- weather conditions (hurricane, rain, icing);

- physical and mechanical properties of the transported load;

- branching and length of the conveyor;

- slope angle of the track;

- the curvature of the track in the plan and in the vertical plane.

Internal risk factors of tubular conveyor include:

- low level of research and development work;

- selection of fundamentally dangerous constructive schemes;

- errors in determining the loads (on the belt, roller supports, rollers, drive and
tension drums, as well as on drive gearboxes);

- the wrong choice of structural materials and their quality (belts, roller supports,
drum shell, cables and tensioning device rollers);

- insufficient accuracy of constructive dimensions;

- insufficient strength and reliability of parts and assemblies of conveyors;

- poor-quality tweaking of structures, technologies and documentation on safety
criteria;

- violation of the regulations for the assembly and installation of structures;

- the use of equipment for other purposes;

- violation of passport and design modes of operation;

- violation of the requirements for the transportation and storage of units and parts
of the conveyor;

- violation of the regulations for preventive examinations and repairs;

- violation of safety rules.

Risk factors affecting a person during the operation of a tubular conveyor include:

- mechanical (blow by a detached part of the conveyor drive or a piece of cargo
when it is torn off the conveyor belt, vibration, noise, static load, shock wave from an
explosion);

- thermal (temperature of heated or cooled surfaces of conveyor parts, open fire in
case of fire);

- electrical (current, static electricity, electric field);

- chemical (poisonous, flammable and explosive substances, harmful substances
in the air).
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In addition, the risk factors for a tubular conveyor are classification according to
its individual units: drive, stand, belt, and tensioner. Herewith, the drive is the most
loaded part of the tubular belt conveyor.

The main risk factors for drive operation include:

- reducer failure;

- failure of tension, drive and deflecting drums;

- failure of electric motors;

- failure of the drive management system;

- failure of the drive control system.

Figure 1 shows the failure tree for a tubular belt conveyor.

Conveyor failure

OR
belt stand actuator failure of the failure of the
failure failure failure power supply command and
system control system

Figure 1 — Failure tree of a tubular belt conveyor drive

Becoming with roller supports is an important part of the belt conveyor, the
technical condition of which largely determines the ability of the conveyor to perform
its technical functions. Roller supports account for up to 40% of all costs for
maintenance and repair of belt conveyors, and the share of time for elimination of
failures and scheduled preventive service (SPS) of the conveyor stand in the total
downtime of the conveyor is up to 30%. Therefore, the assessment of the risks
associated with the failures of the belt conveyor is an important problem.

To identify the existing risks during the operation of conveyor transport
associated with the supporting elements of the stand (roller supports), the data on
failures obtained at the mining enterprises were analyzed. As a result, it was revealed
that for conveyors operating at open-pit mining enterprises and transporting rock
loads, the main risk factors associated with failures of roller supports are:

- failure of roller bearing assemblies (seals or bearings);

- destruction of the shell;

- destruction of roller supports at the download item under shock loads;

- knocking the rollers out of the frame of the supports under the dynamic effects
of the load traffic;

- destruction of supporting structures of roller supports (including ropes, chains,
etc.).

Moreover, the factors affecting the failures of roller supports are different
depending on their functional position on the conveyor stand. So, at the loading point,
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the destruction of rollers and lining occurs due to shock loads when large pieces of
load fall.

On the upper branch of the linear part of the conveyor, the wear of the rollers
mainly occurs due to dynamic loads when interacting with the cargo flow, high-cycle
fatigue processes, as well as the destruction of the shell. On the lower idle branch, the
main wear of the rollers is the abrasion of the shell.

In any place of the conveyor stand, a very dangerous failure is the knocking out of
the roller from the roller support, as this can lead to spillage of the load and to the
cuts of the conveyor belt, which can cause an emergency. Ruptures of ropes and
chains of supporting structures in the case of using a stand with suspended or flexible
roller supports can also cause this.

To determine the causal relationship between the events leading to hazardous
situations associated with the roller bearings of the conveyor stand, we will build the
failure tree of the belt conveyor stand (Fig. 2)

With an increase in the depth of coal seams, the instability of side rocks increases,
which leads to heaving of the floor. As a result, there are misalignments of the roller
supports in the vertical and horizontal planes, and the curvature of the conveyor
stand, which is the cause of the lateral coming off the belt.

Inaccuracies in the manufacture and installation of the conveyor stand, an increase
in the angle of inclination, curvature and turn of the track, create the danger of the
tubular belt scrolling, which can cause the load to spill out and dust emission.

With an increase in the hardness of rocks, the proportion of large pieces of
transported cargo increases. This leads to an increase in the dynamic loads on the
rollers and the conveyor belt, which can also lead to torsion of the belt. The
unevenness of the load traffic coming from the lava significantly affects the
frequency and amplitude of oscillations of the conveyor belt. When a certain critical
speed of the belt is reached, a sharp increase in the amplitude of its torsional
vibrations (resonance phenomenon) and, as a consequence, twist of the belt can
occur.

In [3], a method for studying the risk is proposed, which can be applied to assess
the risk of torsion of a tubular conveyor belt. This methods consists of three parts:

a) preliminary hazard analysis (PHA);

b) identifying a sequence of dangerous situations;

c) analysis of the consequences.

The first part involves three steps:

- identify sources of danger. For tubular belt conveyors, this is a descent, twisting
and loss of stability of the belt, which entail the spilling of the load and the release of
dust, breakage of the belt, etc.;

- identify the parts of the system that can cause hazardous conditions. In our case,
this is uneven belt tension, shear or jamming of rollers, bending of the conveyor
track, etc.;

- restrictions on the analysis should be introduced, that is, it is necessary to decide
whether to include a detailed study of the risk as a result of human error, earthquakes,
war, etc.
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The means to gain an understanding of the hazards in the system are engineering
analysis and detailed consideration of the environment, the process of operation and
the equipment itself.

When conducting PHA, a tree of failures (undesirable events) are built, which
makes it possible to identify elements of a technical system (in our case, a belt
conveyor) and individual events that can lead to hazards [4]

Figure 3 shows a tree of unwanted belt torsion events of tubular conveyor.

Torsion of the tubular belt of the
tubular belt conveyor

OR
skewed size curvature uneven loading of
or jammed of transported of the conveyor the cross-section of
rollers load track the tubular belt

Figure 3 — The tubular conveyor belt torsion event tree

A preliminary analysis of risk factors showed that they are classified mainly by
external influences on the pipe conveyor, internal risk factors, as well as by risk
factors acting on a person. At the same time, the risk factors associated with the
dustiness of the environment, with weather conditions (rain, icing) are significantly
less than for other types of conveyors. At the same time, the risk factors associated
with internal processes occurring during the operation of the tubular conveyor, i.e. the
choice of fundamentally dangerous design schemes, errors in determining the loads
(on the belt, roller supports, rollers and conveyor drive), as well as risk factors
associated with human exposure, are more significant compared to other types of
conveyors. Therefore, when creating a tubular belt conveyor at the design stage, it is
necessary to calculate the reliability, preliminary analysis and risk assessment based
on scientific methods of reliability and safety of technical systems.
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AHoTauis. KoHBeepHUi? TPaHCNOPT FipHUYMX NIANPUEMCTB € NOCTIMHUM LKEPESIOM BUHWUKHEHHS aBapilt i HeLacHux
BunagkiB. 3i 36iNbLUEHHAM rMMOUHN WaXxT i Kap'epiB, a Takox 3i 30iNbLUEHHAM HaBaHTaXEHHS HA TPAHCMOPTHI CUCTEMM,
Ha MepLWi NaH BMCTyMatoTb npobnemn 3abesneyeHHs 6e3nexy XWTTS | 300POB'S NIOAEN, OXOPOHM HABKOMULLIHBOTO
cepegoBua. BupilweHHs uux npobnem noe's3aHo, B TOMY YWCHI, 3 PO3BUTKOM TEOpii HAZIMHOCTI TEXHIYHMX CUCTEM i
OLIHKOK TEXHOreHHWX pu3ukiB. B TenepiwHin Yac, y 3B'A3KYy 3 MOCUIMEHHAM EKOMOMYHWUX BWUMOT, MEPCNEKTUBHUM
HaNpPsIMKOM € 3acTOCYBaHHs TPybGuacTUX CTPIYKOBMX KOHBEEPIB, SAKi 3aBAAKTb HAMMEHLUOI LUKOAM HABKOMMLUHBOMY
CepefoBuLly B MOPIBHSHHI 3 HWMMWM BUOAMU KOHBEEPHOrO TpaHcnopTy. Yepe3 OBinblw cknagHi npouecu, Lo
BinOyBalOTLCA MpU ekcnnyaTauii Tpyb4acTMx KOHBEEpIB, (PaKTOpU PU3MKY Ta iX HACMigKM iCTOTHO BigPI3HAKTLCS Big
(haKTOpiB PU3MKY ANS iHWWX TWUNIB KOHBEEPHOro TpaHcmopTy. Ha nigctasi JOCBidy ekcnnyaTauil, a Takox 3
nonepeaHLOro aHanisy npouecis, Wo BigbyBalTbcs npu poboTi TpybyacTux KOHBEEPiB, ANS HWX HaBeaeHo
knacudikaLito gakTopiB puUsnKy - Lie 30BHILLHI | BHYTPILIHI YMHHWKK, @ TakoX (hakTopu puU3uKy, L0 BMIMBAKTL Ha
noguHy. [o akTopis pusnKy Bif 30BHILLHIX BNIMBIB BIQHOCATHCA TeMnepaTypa, BOMOMCTb, 3anuneHicTb atMochepu,
HECTIMKICTb IPYHTY, NOro4HI YMOBW, (i3nYHi BNACTUBOCTI BaHTaXy, reOMeTpis Tpack. BHYTPILLHI YUHHUKW PU3KKY — Lie
MOMMWNKWA MPWU MPOEKTYBaHHi, PO3PaxyHKY KOHCTPYKTWUBHUX i PEXUMHUX NapaMeTpiB KOHBeepa, MOPYLIEHHS npasun
ekcnnyatauii i TexHiku Gesnekn. PakTopu pU3NKy, LIO BMNMBAlOTb Ha MOAMHY npu poboTi Tpybyactoro KoHBeepa,
KnacuikytoTbCs SIK MEXaHiuHi, TepMiyHi, enekTpuyHi i ximivni. Kpim Toro, haktopu pusuky ans Tpybyactoro koHeeepa
KnacucikoBaHi N0 OKpeMUX By3rax NpUBOAY, CTaBa, CTPIUKW. PO3rNAHYTO pU3MKM BIiAMOB CTaBa 3 PONMKOOMOpamu
TpybuacToro koHBeepa. HaBegeHo oepeBO BiOMOB CTaBa, A€ AETanbHO NepepaxoBaHi MOXIMBI BiOMOBM POMMKIB, a
TaKOX AEPEBO PU3NKIB KPYTIHHS TPYBUACTOT CTPIYKM, WO NPU3BOAATDL A0 BiAMOB KOHBEEpA.

KnroyoBi cnoBa: cTpiukoBuii TpyByacTuii KOHBEED, HALIAHICTb, (haKTOPK PU3NKY.

AHHoTauus. KoHBenepHbIid TPAHCNOPT FOpHbIX NPEANPUATUIA SBNSETCA NOCTOSHHBIM UCTOYHUKOM BO3HWUKHOBEHUS
aBapuil N HecyacTHbIX criyyaeB. C yBennyeHWeM rMyBuHbI LWaxT ¥ KapbepoB, a Takke C yBENUYEHUEM Harpysku Ha
TPAHCMOPTHbIE CMCTEMbI, HAa MEPBbIA NMaH BbICTynaloT npobnembl obecneyeHnss 6€30MacHOCTM XWU3HU WU 340POBbS
nogen, oxpaHbl OKpyxatoLen cpefbl. Pelienne atux npobnem CBA3aHO B TOM YKCNE, C pa3BUTUEM TEOPUM HAAEKHOCTH
TEXHWUYECKMX CUCTEM W OLEHKOW TEXHOTEHHbIX PUCKOB. B HacTosilee Bpems, B CBA3N C yxeCToueHem TpeboBaHuii k
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9KOMOrUW, NEepPCreKTUBHLIM HanpaBfieHneM SBNSETCS NPUMEHeHWe TpybuaTbiX NEHTOYHbIX KOHBEMEPOB, KOTOpble
HAHOCAT HaUMEHBLLNA YLLEPD OKpYXatoLLEN Cpeae No CPAaBHEHUIO C APYTMMM BUAAMW KOHBENEPHOrO TpaHenopTa. Ms-3a
Bonee CNOXHbIX MPOLECCOB, MPOUCXOASALUMX MpU 3SKCnnyaTaumu TpybyaTbiX KOHBENEPOB, (hakTopbl pucka U UX
NOCNEACTBUS CYLLECTBEHHO OTIMYAOTCH OT (DAKTOPOB puCKa [N ApYriX TWUMOB KOHBEWEPHOro TpaHcnopTa. Ha
OCHOBaHUW OMbITa 3KCMAyaTauuu, a Takke W3 NpeABapuTENbHOrO aHanu3a NpoLeccoB, NPOUCXOAAWMX npu pabote
Tpy6yaThIX KOHBENEPOB, AN HAX NPUBEAEHA KnaccuduKkaLmus (hakTopoB pucka — 3TO BHELLHWE W BHYTPEHHWE (PaKTopbI,
a Takke (paKTopbl pucKa, BO3AENCTBYIOLME Ha YernoBeka. K dakTopam pucka OT BHELUHWUX BO3LENCTBUIA OTHOCHATCS
Temnepartypa, BaXHOCTb, 3anblEHHOCTb aTMoc(epbl, HEYCTOWYMBOCTL MOYBbI, MOTOAHbIE YCMOBUS, (U3MYEcKue
CBOWCTBA rpy3a, reoMeTpusi Tpacchbl. BHyTpeHHWe akTopbl pucka — 3T0 OWMOKM NPU NPOEKTUPOBaHUW, pacyete
KOHCTPYKTUBHbIX 1 PEXMMHbIX NapaMeTpoB KOHBEWEPa, HapyLUeHne npaBun dKCnayatauun n TexHuku 6esonacHocTy.
dakTopbl puCKa, BO3LEACTBYKLLME Ha 4enoBeka npu paboTte TpybyaToro KOHBeWepa, KnaccuuumpyroTcs kak
MexaHuJeckne, TepMuYeckne, anekTpudeckue n xummdeckne. Kpome Toro, haktopsl pucka Ans TpybyaToro koHsenepa
KnaccuuumMpoBaHbl MO OTAENbHbIM Yy3nam MpuBOAQ, CTaBa, NeHTbl. PaccMOTpeHbl pUCKM OTKa3oB CTaBa C
ponukoonopamu TpybyaToro koHeenepa. MpuBeneHO AepeBo OTKA30B CTaBa, rAae NogpobHO nepeyncrieHbl BO3MOXHbIE
OTKa3bl PONIMKOB, @ Takxe AepeBO PUCKOB KpyYeHWs TpybyaToi NeHTbl, NPUBOAALLMX K OTKa3aM KOHBElepa.
KntoueBble cnoBa: NeHTOYHbIN TpYBUaTLIN KOHBENED, HAAEXHOCTb, (PAKTOPbI pUCKa.
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