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MaTtemaTnyeckme moaeaim MacCMBa rOpPHbIX NOpoa,
noAaBep»eHHOro B03AenCTBUI BbICOKUX MPaaneHToB
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NpurHa dnunnmoHosa, AHHa Komaposa n AHactacua YeboTapeBsa
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OueHKa TeXHUYeCKOro COCToAHMA 3abOMHOro yCTPoOMCTBa C
MCNO/Ib30BaHUEM MeToA0B BUbpoamnarHoctmkm 02002

Bopuc lepuke, Buktop TaumeHko, FOpuin posaeHko v Masen ApTaMoHOB
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06 oAHOM KPUTEPUN OLUEHKU TEXHUYECKOrO COCTOAHMUA
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AnekcaHap HUKUTUH, HuknTa KypoukuH u KOHXy AH
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-
OTKpbITbIM gOCTYN

[NceBaoOxaoTU4ecKoe noseaeHue aeTepPMUHUPOBAHHBbIX CUCTEM
aBTOMATUYECKOro ynpasaeHmnAa TeXHUYEeCKUMU
ycTpoucteamum 02005

AnekcaHap HUKUTUH, KoHcTaHTUH Tarnnbues-laneta, Cepreit JIaKTMOHOB 1 FOHXYM AH
Ony6aunkoBaHo oHnaliH: 09 aekabpna 2021
DOl:https://doi.org/10.1051/e3sconf/202133002005

e PDF(330,7 Kb)
e  CnuMCOK inTepaTypbl
e A6CTpaKTHbIN cepBuc peknambl HACA

-

OTKpbITbIN gOCTYN

OnepaTtmnBHbIE NCCNeA0BAHUA U ANATHOCTUKA ANA CEPBUCHOTO
06CNYKMBAHMA U peMOHTa KpynHorabaputHoro ob6opyaoBaHuUs
komnaHun Minetech Machinery LLC, obuumanbHoro agnnepa
Hitachi 02006

Onbra Hepsenbckan, AHHa BUKnHeeBa, EneHa bynakuHa, Bnagucnas Moucees, AmuTtpuia
Mouydapos 1 AnekcaHap Ketos

Onyb6aunkoBaHO oHANalH: 09 aekabpa 2021
DOl:https://doi.org/10.1051/e3sconf/202133002006

e PDF(1.242 ME)
e  CnucoK imtepatypsbl
e  ABCTpaKTHbIV cepBuc peknambl HACA

-

OTKpbITbIN gOCTYN

da30Bble npeBpalleHunsa, npoucxoaalime npm GopmmpoBaHUU
CBAPHOro coeamHeHua ns penbcosou ctanm 02007

Anekcei HOpbes, Hnkonai Kosbipes, PomaH LLesuyeHko, Anekceit MuxHo u Onbra lNytak
OnybaunKoBaHoO oHANalH: 09 aekabpa 2021
DOl:https://doi.org/10.1051/e3sconf/202133002007

e PDF (760,7 KE)

e CnucoK antepaTypsbl
e AbBCTpaKTHbIV cepBuc peknambl HACA
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-
OTKpbITbIM gOCTYN

BavAaHMe TUTaHA Ha MUKPOCTPYKTYPY U CBOUCTBA €04,
HaHeceHHOoro nopowkKosou nposonokon Fe-C-Si-Mn-Cr-Mo-Ni
Ha aeTanu, paboTtarowme B yCa0BUAX CUAbHOro naHoca 02008

Hukonait Kosbipes, Anekceit MuxHo, AnekcaHgp Yconbues, Hatanba Knbko n Onbra Kosbipesa
Onyb6ankoBaHO oHANalH: 09 aekabpa 2021
DOI:https://doi.org/10.1051/e3sconf/202133002008

e PDF (653.0 KE)

e  CnuMcoK inTepaTypbl
e AbBCTpaKTHbIV cepBuc peknambl HACA

Po6omu30uun uaemomamu3sayus npoyeccos maliHUHza
-

OTKpbITbIN gOCTYN

LindppoBoe moaennpoBaHnUe reomexaHM4eCcKknux NpPoLLeccoB B
CTPYKTYPHO HEOAHOPOAHOM reomaccmsee ans
NPOrHO3MPOBaAHUA NapameTpoB 6He30nNacHOM NoA3eMHOMN
pa3paboTKu yroabHbix naactos 03001

Napwuca Masnosa, Buktop ®PpaHos n OxxynmaH Bekcnep
Onyb6anKoBaHO oHANalH: 09 aekabpa 2021
DOI:https://doi.org/10.1051/e3sconf/202133003001

e PDF (690,5 Kb)

e  Cnncok anTepaTypbl
e AbBCTpaKTHbIV cepBuc peknambl HACA

-
OTKpbITbIM AOCTYN

OcobeHHOCTU MHTEerpaumum cMcTem ynpasaeHusa B
MHOTrOC/I0XHOe pacnpeaeneHHoe nponssoacrtso 03002

leopruin Makapos, JleoHna Meoiwnses, AnekcaHap CnamatvH u Bnagumunp BoosnueHko
Onyb6aunKkoBaHO oHANalH: 09 aekabpa 2021
DOI:https://doi.org/10.1051/e3sconf/202133003002

e PDF(423.0 Kb)

e  CnucoK iMtepatypsbl
e  ABCTpaKTHbIV cepBuc peknambl HACA

-
OTKpbITbIN JOCTYN

Lindposon ABOUHUK: ero KoHUuenuma n notTeHumaabHoe
npuMmeHeHue B yroibHou npombiwneHHocTn 03003
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[ennc KoposuH, Butanuin Mpayes, Neopruit KynowmH n avun MisaHos
OnybaunkoBaHo oHnaliH: 09 aekabpna 2021
DOI:https://doi.org/10.1051/e3sconf/202133003003

e PDF (315.0KE)

e  CnuMCcoK inTepaTypbl
e A6CTpaKTHbIN cepBuc peknambl HACA

-
OTKpbITbIM gOCTYN

Lindbposnsauma Kak MHCTPYMEHT ANda pelweHunsa 3aaad
ynpasneHunsa 03004

JleoHng, Mblwnsaes, KOHCTaHTUH BeHrep, Butanuii Npayes n KoHCcTaHTUH MBYLWIKMH
Onyb6anKoBaHO oHANalH: 09 aekabpa 2021
DOI:https://doi.org/10.1051/e3sconf/202133003004

e PDF(238,4 Kb)

e  Cnncok anTepaTypbl
e ABCTpaKTHbIV cepBuc peknambl HACA

-
OTKpbITbIM AOCTYN

MNpeaBaputesnibHaag 06paboTKa AaHHbIX C AAaTYNKOB KOHTPOAA
ra3oBO3AYyLIHOW cpebl NPy NoA3eMHON pa3paboTke
FA30HOCHbIX YTroJ1bHbIX NJ1aCTOB A4 HEMPOCETEBOTO

aHanmza 03005

Mapk [lBopsiHinkoB, Jlapuca MNasnosa u MHHa Baiic
Onyb6aunkoBaHO oHANalH: 09 aekabpa 2021
DOl:https://doi.org/10.1051/e3sconf/202133003005

e PDF (470,3 KE)

e  CnMCOK inTepaTypbl
e  ABCTpaKTHbIV cepBuc peknambl HACA

-
OTKpbITbIN gOCTYN

Pa3paboTka 3D-paboyero npocTpaHCcTBa U MeToA0/10TUU
OUEeHKU OYHKUMOHANBLHOIO COCTOAHMA onepaTopa npu paboTe B
BUpTYasnbHou cpeae 03006

Mwuxann HukuteHko, Cepreii Kusnnos, MpuHa Tapacosa, Anna UrHatosa 1 EneHa Hatypa
Onyb6ankoBaHO oHANalH: 09 aekabpa 2021
DOl:https://doi.org/10.1051/e3sconf/202133003006

e PDF (457,7 Kb)

e  CnuMcoKk nauTtepartypbl
e ABCTpaKTHbIV cepBuc peknambl HACA
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-
OTKpbITbIM gOCTYN

[TaTeHTHaa aHaIUTUKA KaK MHCTPYMEHT AN
ropHoao6bbisatowmx mawmH 03007

Mwuxann Kopones, Cepreit HukuteHko n bucsapyn Heoru
Ony6aunkoBaHo oHnaliH: 09 aekabpna 2021
DOI:https://doi.org/10.1051/e3sconf/202133003007

e PDF (294.0 Kb)
e CnuMcoKk nuTepartypbl
e AB6CTpaKTHbIN cepsuc peknambl HACA

-
OTKpbITbIM AOCTYN

MoaenmpoBaHMe aCUHXPOHHOIO 3N1eKTPONPUBOAA LUAXTHOIO
noaAbeMHUKA Ha OCHOBE 3/IeKTPUYECKOM MaLLUUHbl ABOUHOTO
nutaHma 03008

BuKkTop OcTpoBnsaHuumK, MBaH MononsuH, Bacuauii Kybapes u JabuH Ln
Ony6aunKkoBaHo oHnaliH: 09 aekabpna 2021
DOI:https://doi.org/10.1051/e3sconf/202133003008

e PDF (542,3 Kb)

e  CnMCOK inTepaTypsbl
e AB6CTpaKTHbIM cepBuc peknambl HACA

-

OTKpbITbIM AOCTYN

PexXumbl paboTbl npeobpasoBaTesa HacTOTbl B POTOPHOM Lenu
ACUHXPOHHOTIO 3/1eKTPONPMBOAA WaXTHOro noabemHmnKka 03009

BuKkTop OcTpoBnaHumk, MBaH MononsuH, Bacuauii Kybapes, Omutpuin Mapuwes v LiaH Lol
Onyb6anKoBaHO oHANalH: 09 aekabpa 2021
DOI:https://doi.org/10.1051/e3sconf/202133003009

e PDF(418,1Kb)
e  CnucoK iMtepatypsbl
e  ABCTpaKTHbIV cepBuc peknambl HACA

-
OTKpbITbIN gOCTYN

MpeANKTUBHAA AMATHOCTUKA NeHTOYHOro KOHBemepa Ha OCHoBe
MOHUTOPUHIA dINEeKTPUYECKUX NapamMeTpPoB NPUBOAHOTO
npuratena 03010

Omntpuin AHukaHoB, Muxaun Kunepsaccep, Bagum Cumakos 1 [1abuH Lin
OnybauKkoBaHo oHnaliH: 09 aekabpna 2021
DOl:https://doi.org/10.1051/e3sconf/202133003010
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e PDF(533,9Kb)

e CnuMcoKk nuTepartypbl
e AB6CTpaKTHbIN cepsuc peknambl HACA

MpomebiwneHHas u 3Kono2u4veckas bezonacHocmeo
20pHOo0o06bIsarowWux npednpuamuli

“I

OTKpbITHIM JOCTYN
MOHUTOPUHT YCTONYUBOCTU LUAXTHbIX Aera3aumoHHbIX
ckBaxuH 04001

Oner Taltnakos, EsreHnin Cantbimakos v Cepreit KonecHMYeHKo
Onyb6aunKkoBaHO oHANalH: 09 aekabpa 2021
DOI:https://doi.org/10.1051/e3sconf/202133004001

e PDF (509.0 KE)

e  CnuMCcoK inTepaTypbl
e AbBCTpaKTHbIV cepBuc peknambl HACA

“I

OTKpbITbIN gOCTYN
Bbl6bpoCbl MeTaHa U ABYOKUCU yraepoaa npuv npomns3BoacTBe
anekTpoaHeprmum 04002

[enuc Ctpenos, EKaTepuHa JlyknHa n EkatepuHa CHeToBa
Onyb6aunkoBaHoO oHANalH: 09 aekabpa 2021
DOl:https://doi.org/10.1051/e3sconf/202133004002

e PDF(193,7 Kb)

e  CnMCOK inTepaTypsbl
e A6CTpaKTHbIM cepBuc peknambl HACA

“I

OTKpbITbIM AOCTYN

OueHKa BbIOpOCOB NapHMKOBbLIX ra30B Npu Aobbive yrna 04003
[enuc Ctpenos, EKaTteprHa CHeToBa 1 EKaTepuHa JlyKnHa

Onyb6ankoBaHO oHANalH: 09 aekabpa 2021

DOl:https://doi.org/10.1051/e3sconf/202133004003

e PDF(218,9 KbE)

e  Crnncok anTepaTypbl
e AbBCTpaKTHbIV cepBuc peknambl HACA

“I

OTKpbITHIM fOCTYN
KneToyHo-aBTOMaTM4YeCcKoe Mmoae/iMpoBaHmne KMHEeTUKU
copbumnm rasza B8 KoHe4yHom obbeme yrna 04004

AnekcaHap Hemues, Cepreit KanawHukos n CtonayH Jlo
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Abstract. The study focuses on the main malfunctions of the mechanical
components transmitting rotational moment to belt conveyor pulley and
the possibility of functional diagnostics of their technical condition. The
results of electrical values of the drive were obtained for the modeled
emergency modes of the conveyor operation in the Matlab Simulink
programming environment.

1 Introduction

Transportation costs of the extracted minerals from the working face to the surface of the
mine make up a significant part of the cost. This is also true for the products in the
production of which belt conveyors are used. That is why the search for reserves increasing
the efficiency of vehicles is of great importance.

The state of the equipment is considered normal if all its components and parts are in
good working order, the parameters used to determine their condition do not approach the
limit values, and the dynamics of changes in these parameters over a certain period allows a
sufficiently long period of safe operation to be predicted.

Keeping conveyors in compliance with industrial safety requirements depends on the
rational organization of maintenance and repair. In practice, overhaul periods are planned
based on the calendar time of operation, and the running time, load intensity are not taken
into account.

The existing system is not perfect and requires significant labor and financial costs.
Major repairs are carried out without sufficient grounds and in a larger volume than it is
required only on the basis of the service life. There is an opposite tendency — a technical
device is repaired only after it has lost its functionality. Untimely replacement of worn parts
increases the likelihood of emergency repairs.

Rollers, drum linings, cleaning systems, various seals, drums and of course the
conveyor belt are conveyor wear parts. The resource of the components is determined by
the performance of the equipment, as well as by the abrasiveness of the transportation
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material, its bulk density, shock load in places of overload, etc. [1]. Mining conditions, such
as high humidity, can help reduce the service life of belt wear parts.

In addition, the human factor affects the reduction of life cycle. Violation of operating
conditions, improper adjustment of conveyor equipment, untimely replacement of failed
components, ignoring the pre-emergency situations often reduce the life cycle of the entire
conveyor system by several times. For example, if the belt is adjusted incorrectly, it starts
tracking from side to side and gets torn against the metal structure of the conveyor line. In
case of improper operation of cleaning systems, spills and buildups appear on the conveyor
rollers and drums, which leads to an accelerated failure of the linings of the drums, bearing
assemblies and the drums themselves and, as a result, accelerated wear of the conveyor belt.

A promising strategy for the maintenance and repair of transport belt equipment is
maintenance based on the actual state, since the limiting states of structures and
mechanisms are the result of a gradual accumulation of damage in parts, assemblies and
elements. It is possible to reveal and eliminate the defects at the initial stage of
development, ensuring the minimization of repair work, only by introduction of effective
diagnostic methods [2].

2 Methods of functional diagnostics of the belt conveyor
technical condition

Functional diagnostics is based on passive methods that register signals arising in the object
itself under the influence of external factors (acoustic and electromagnetic emission,
vibration, electrical and electromagnetic noise, thermal fields) [3].

During the operation of the belt conveyor, part of the energy transmitted from the
electric motor to the tool of the unit is lost for various reasons: friction followed by heating,
destruction followed by friction. All types of local diagnostics of an operating belt
conveyor are based on the fact that they record and evaluate the magnitude and nature of
energy losses in the mechanical components transmitting rotational moment to belt
conveyor pulley.

It is possible to diagnose the failures of the mechanical components transmitting
rotational moment given in table 1 for the subsequent predictive maintenance [4-6].

Table 1. Localizations and causes of malfunctions of mechanical components transmitting rotational
torque in the belt conveyor.

Malfunction, external manifestation Probable cause

The drum, roller, roller, etc., do not rotate. Rolling bearing or labyrinth seal parts are destroyed.

Skew of one or several rollers causing the belt to
move aside.

The belt tracks to the side at a certain Some of the rollers do not rotate.
point.

Carrying rollers are not horizontal.

Misalignment of end and snub pulleys.

Oft-center loading of the belt.

The belt starts mistracking.
Insufficient rigidity of conveyor assemblies.

Dirt accumulation of the bottom belt and seizure of

Increased wear of the working belt cover. the return idler.
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The lower part of the bearing structure is clogged and
the belt moves over the layer of material.

The tail pulley or the pulley of the conveyor
discharge carriage is piled with material.

Seizure of the working rollers of the upper track.

Increased wear of the non-working belt
cover.

The rollers are too tilted forward.

Belt slipping on the drive pulley.

The feeding tray seals are tightened against the belt

Groove cutting and cuts of the working and are too hard.

cover. The belt rubs against the metal parts of the feeding
tray.

Breakdown of the rubber cover and minor Presence of foreign bodies in the transported material

breaks of the belt. (scrap, cutoff pieces, etc.)

Transverse tears at the belt edge. The belt bending up on the pulley or close to it.

The presented types of malfunctions are characterized by the influence of the process of
their development on the change in the energy parameters of an electric machine, that is, on
monitoring and analysis in real time: the rate of rise, the time of change (increase,
decrease), the profile of the change, the frequency of changes in the energy parameters of
the electric motor. The belt conveyor is considered as a specific object, which has a
significant number of individual assemblies in its mechanical structure, united by elastic
connection, and as a drive element, an asynchronous motor with a squirrel-cage rotor [6].

3 Research of the joint electromechanical model of the belt
conveyor mechanism in the Matlab Simulink environment

Consideration of the mechanism as a complex of mechanical and electrical parts is the
distinguishing characteristic of the proposed method of functional diagnostics.

The system of equations obtained in the process of building a dynamic model was
solved in Matlab Simulink programming environment [7, 8]. A trial version of Matlab.ru
was used for this purpose — Version: 7.9.0.529 (R2009b), 32-bit (win32). A functional
diagram was drawn up (fig. 1) based on blocks presented in Matlab Simulink library [9-11].

Scope blocks were used for visual control of the parameters. The supply voltage was
monitored by bock Scope No. 1, the current was monitored by block Scope No. 2. The
electric motor torque and the load torque of the belt conveyor mechanical part was
controlled by block Scope No. 3.

Simulation of emergency operation was carried out using blocks Step No. 4 — 9
distributed over the mechanical part of the belt conveyor simulation model. In the process
of modeling of conveyor elements failure modes, the following cases were considered:

1) The mode of the mechanism operation with a rated load, followed by seizure of one,
two and three rollers of the belt conveyor carrying part.

The obtained results of modeling the investigated mechanism of the belt conveyor are
presented in the form of a graph in fig. 2.
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Fig. 2. The stator current behavior of induction motor simulated in Matlab Simulink environment.
I1.1, 12.1, I3.1 are stator current before the emergency torque application; 11.2, 12.2, 13.2 — stator
current after emergency torque application.

The operating mode of the belt conveyor is realized through additional torque
application. The point of additional torque application in the considered model is block
(Step No. 4).

From the graph shown in fig. 2, it can be seen that the modeled seizure of the carrying
rollers is accompanied by the change in the controlled value of the stator current. When
simulating the seizure mode of carrying roller of the load-carrying part, the stator current
increases by 0.26 A, when two carrying rollers are sized — the stator current increases by
0.28 A, when three carrying rollers are sized — the stator current increases by 0.18 A. The
transient period is 0.2 s, for the first simulated mode 0.45 s and in the second case — 0.45 s
and 0.62 s with three sized rollers.

2) Clogging of the receiving hopper. The real process is accompanied by an excess
amount of transported material in the receiving hopper. The obtained results of modeling
the investigated mechanism of the belt conveyor are shown in fig. 3.
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Fig 3. The stator current behavior of induction motor simulated in Matlab Simulink environment
during clogging of the receiving hopper.

The graph in fig. 3 shows the magnitude of the change in stator current. Point of the
additional torque application in the considered block model (Step No. 8). The estimated
value of the applied torque is 89 N*m. It can be seen from the graph that the modeled mode
of the receiving hopper clogging is accompanied by the jump in the stator current, in the
first case by 1.8 A. The time of the transient period is 1.69 s.

3) Seizure of the gear reducer. The causes of this mode are the ingress of foreign bodies
between the gear teeth, a critical misalignment, chipping of the gear teeth. The obtained
results of modeling the investigated belt conveyor mechanism are presented in the form of a
variance graph of the stator current in fig. 4. The point of the additional torque application
in the considered model block (Step # 9). The estimated values of the applied torque is
taken as 140 N*m.
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Fig. 4. The stator current behavior of induction motor simulated in Matlab Simulink environment in
the mode of gear reducer jamming.

From the graph shown in fig. 4, it can be seen that the simulated mode of gear reducer
jamming is accompanied by an increase in the stator current by 19 A. At the same time,
there is a decrease in the angular velocity to negative values. The transient period is 1.68 s.

4) Cutting off the coupling pins. The modeling results of the investigated mechanism of
the belt conveyor are shown in fig. 5.
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Fig. 5. The stator current behavior of induction motor simulated in Matlab Simulink environment in
the mode of cutting the coupling pins.

A similar result of operating the mechanism occurs for a number of reasons: poor-
quality components, excess of the permissible torque on the gear reducer shaft or drum, as
well as improper installation of the connecting pins shows the amount of change in stator
current. Point of additional torque application in the considered block model (Step No. 9).
The estimated value of the applied torque is taken as 96 N*m.

From the graph (fig. 5) it can be seen that the simulated mode of cutting coupling pins is
accompanied by an increase in the stator current by 9.65 A. At the same time, there is a
decrease in the angular velocity to negative values. The transient period is 1.53 s, and the
induction motor returns to normal with 5 s simulation. From the graphs in fig. 2-5 it can be
seen that the stator currents of the induction motor contain the necessary information for
diagnosing the technical condition of the belt conveyor mechanism. Malfunction, damage
to elements, units in the mechanical components transmitting rotational moment to belt
conveyor pulley affects the power consumption from the network by the drive motor which
leads to fluctuations in stator currents. The period, frequency and form of oscillations
depend on the specific type of malfunction that occurs in the mechanical part of the belt
conveyor.

Conclusion

The study of the combined electromechanical model of the belt conveyor mechanism in the
Matlab Simulink environment showed that changes in the mechanical torque, due to the
mechanical failure of the components transmitting rotational torque to belt conveyor pulley,
lead to changes in the electrical parameters of the drive induction motor of the belt
conveyor (when diagnosing, the envelopes of instantaneous currents values for each phase
of the stator are determined).
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