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Abstract. The article deals with the main aspects of the starting, technological and emergency modes of belt conveyors
operation. The subject of the study is a dual-motor electric drive of the main belt conveyor with frequency regulation.
The analysis of the belt conveyor electric drive operation in various modes has been carried out. The main causes of
damage to the equipment of conveyor lines have been determined. An energy-efficient way to control a dual-motor
electric drive has been determined. The actual problem of belt conveyors is increased wear of their components. The
most expensive part of the conveyor is the conveyor belt. It is important to ensure smooth increasing the conveyor
belt speed in order to prevent mechanical vibrations of the belt and its slippage on the drive drum. The belt slippage
on the drive drum leads to premature belt wear. The purpose of this work is to find solutions to increase the conveyor
belt resource including that through the optimal control of the dual-motor electric drive of the main belt conveyor. It
is proposed to use an individual frequency converter for each drive motor and to organize synchronous operation of
the motors by balancing the load as a solution to this problem. It is also proposed to use the vector mode of frequency
control to achieve the greatest torque in a wide range of changes in the electric motor speed of rotation, as well as to
ensure high-accuracy control of the electric motor rotor speed of rotation. It is expedient to use an adaptive automatic
controller that takes into account the variable freight flow in the process of transporting the material.
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Introduction

According to the second paragraph of the
Comprehensive Strategic Development Plan of the
Republic of Kazakhstan till 2025, within the frames
of implementing the Kazakhstan-2050 strategy, «It
is important to increase the requirements for energy
efficiency and energy saving of enterprises, as well
as the environmental friendliness and efficiency of
the energy producers themselves» [1]. One of the
priority tasks of developing the state is energy saving
and energy efficiency of technological complexes
of industrial enterprises. At manufacturing plants,
main belt conveyors are widely used as a continuous
means of transportation. This article deals with the
energy efficiency of a dual-motor asynchronous
electric drive of the main belt conveyor.

There are the following types of construction
of main belt conveyor drives: with one multi-motor
drive and with two or more drives [2, 3]. In the foreign
mining industry, there are examples of the use of
dual-engine drives for belt conveyors. One of these
conveyors is a belt conveyor for transporting slag and
coal at the Kolubara quarry, Serbia [4]. The number
of electric motors and drives is selected depending

on the length of the conveyor line. At present, there
is a tendency to equip main belt conveyors with
adjustable drives with asynchronous electric drives.

Figure 1 shows the kinematic diagram of the
main belt conveyor with one single-motor drive.

Figure 2 shows the kinematic diagram of the
main belt conveyor with one dual-motor drive.

Figure 3 shows the kinematic diagram of the
main belt conveyor with two dual-motor drives.

The article deals with the main conveyor with
a dual-motor adjustable asynchronous electric
drive (Figure 1). This type of drive is widely used
on the main conveyors of mining and ore-dressing
enterprises of the Republic of Kazakhstan, such as
the Kazakhmys Corporation and the KazZinc, which
emphasizes the relevance of this topic.

The purpose of this work is to determine an
energy-efficient way to control a dual-motor electric
drive of the belt conveyor and to increase the conveyor
belt resource.

Analyzing the disturbing factors that have a
negative impact on the mechanical parts of the belt
conveyor
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Figure 1 — Kinematic diagram of the main belt conveyor with one drive (M1 - electric drive; G1 — gearbox)

Figure 2 — Kinematic diagram of the main belt conveyor with one dual-motor drive (1 — drive end; 2 — drive drum;
3 — tension station; 4 — tension drum; M1, M2 - electric drives; G1, G2 — gearboxes)

Figure 3 — Kinematic diagram of the main belt conveyor with two dual-motor drives (M1, M2 — first drive electric
drives; G1, G2 — first drive gearboxes; M3, M4 — second drive electric drives; G3, G4 — second drive gearboxes)

At mining enterprises, taking into account the
peculiarities of operation, the following negative
factors can be distinguished that lead to decreasing
the conveyor line resource: increased humidity and
dustiness, the impact nature of the load, as well as the
emission of substances that impact destructively on
the machines and mechanisms components.

The purchase price of a conveyor belt is 50-60% of

EFXY the entire conveyor cost. The belt is the least durable

element of the conveyor [5]. Thus, the conveyor
belt is the key element for the efficient and reliable
operation of the conveyor.

In their work, such authors as Piotr Walker, Btazej
Doroszuk, Robert Krol paid attention to the ore
reloading unit between two conveyors of the flow-
transport system. The section of the belt to which the
ore is fed is most susceptible to abrasive wear. The
studies have shown that the use of a feed hopper that



redirects the flow of material can lead to a 10-fold
wear reduction in the receiving conveyor belt [6].

Such scientists as O.M. Pihnastyi, S.M.
Cherniavska studied the dynamic stress that occurs
during acceleration and deceleration of the conveyor
electric drive impact on the conveyor belt resource.
The conveyor belt is an elastic-viscous closed
mechanical system. As a result of the studies, it has
been established that the magnitude of dynamic
stresses is directly related to the magnitude of the belt
acceleration [7].

The misalignment of the conveyor shafts and
drums contributes to the active wear of the conveyor
belt. In his publication [8], Vadim Yurchenko gives
the results of the analysis that show that the effective
alignment of conveyor belts is performed with the
use of self-leveling roller bearings. In turn, the service
life of the rollers can be significantly reduced due to
the appearance of resonance phenomena caused by
the vibration of the conveyor belt during material
transportation. In the work by Andrey Smirnov and
Vsevolod Beikhul [9], there are presented graphs of
the roller service life dependence on the linear load
of the conveyor, the composition of the transported
fright, and the features of the conveyors.

The belt slippage on the belt conveyor drive drum
has a huge impact on the drive drum lining wear and
leads to its destruction, reduces the performance of
the entire device. The greatest dynamic shocks do not
occur during slippage but at the moment of «picking
up» the belt on the drive drum lining. Under certain
circumstances, the belt «clings» not immediately but
slips momentarily a few more times. This causes a
significant dynamic shock, both on the conveyor belt
and in the supporting structure, drive, clutch, gearbox
and drive drum that can be damaged, especially its
adhesive coating [10]. The conveyor belt slippage on
the drive drum affects negatively the belt service life.

The trouble-free operation of the conveyor line,
in addition to the conveyor belt, is affected by the
conveyor drive and its components (gearbox, electric
motor) reliability. Mine belt conveyors work in severe
conditions. The failure of the conveyor gearbox affects
the operation of the entire flow-transport system. The
gearbox replacement can take up to 24 hours, which
leads to equipment downtime and brings losses to
the mining company [11].

When operating the main conveyor with a dual-
motor drive, an important task is to synchronize
the operation of the electric motors that rotate the
drive drum. Uneven load distribution leads to the
overloading of one of the motors, which leads to
decreasing its resource, and as a result, decreasing
the overhaul interval of the drive equipment.

To prevent the belt slippage on the drive drum,
starting the conveyor with a dual-motor drive must
be performed by smooth changing the speed of the
drives. With an increased starting torque, there is a
risk of slipping, which leads to the belt vibrations.
This in turn leads to significant wear of the belt and
equipment breakdowns, which requires additional
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repair costs. Smooth acceleration lasts longer but
the movement of the distributed masses of the belt
is more consistent, less oscillatory, which indicates
smaller dynamic forces in the belt. With smooth
acceleration, there are also no additional energy costs
that occur with direct starting the motor.

Synchronous operation of the dual-motor drive
motors is achieved by optimal adjustment of the
automatic controller. With an incorrectly tuned
controller, there occur the belt oscillations, which
leads to premature wear of the belt and decreasing
the efficiency of the system [12].

Belt conveyor starting modes

V.P. Metelkov, Ya.L.. Lieberman (Ural Federal
University) considered the possibility of reducing
the likelihood of belt slippage during the start of
the conveyor by increasing the initial tension of the
belt by an automatic tension station [13]. But there
is the following problem: not all the belt conveyors
are equipped with an automatic tension station. In
conveyors with the length of more than 2000 m, it is
necessary to exert great effort to tension the belt along
the entire length of the conveyor towards the tail
section. The greatest tension will be on the section of
the belt located on the tail (tension) drum. Excessive
belt tension in this area will cause its premature wear.

Scientists from UrFU AM. Zyuzev, V.P.
Kozhushko, V.P. Metelkov studied the starting mode
of an asynchronous electric drive of a belt conveyor
using a soft starter device (SSD). The work revealed
that the use of soft starters in open-loop control
systems for an asynchronous motor does not allow
limiting dynamic loads in the conveyor belt. The
results of the studies show that it is expedient to use
an electric drive system with a soft starter device with
speed feedback. It has also been found that a long
starting mode of an asynchronous electric drive leads
to its rapid overheating [14].

To increase the energy efficiency of the belt
conveyor, it is necessary to adjust its speed depending
on the input freight flow. A soft starter does not have
the ability to control the speed of the drives.

Direct start of a dual-motor drive of the main
conveyor is unacceptable for a number of reasons,
firstly, due to high starting currents, which contribute
to increasing the motor heating. Secondly, the motor
may not be able to cope with the load and stop when
the current protection (cut-off) is triggered. In this
case, the absence of current protection will lead to
overheating the motor winding. Thirdly, direct start
causes sharp increasing the speed of the drive drum,
which contributes to the conveyor belt slippage and
its premature wear. All of the above reasons are
exacerbated with a heavy start-up of the conveyor
with the loaded belt.

The starting mode becomes much more
complicated in long conveyors with a dual-motor
asynchronous drive. In such conveyors, there is
required not only smooth speed increasing but also

synchronous operation of the motors that rotate the [EZEl
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drive drum. The process of starting a belt conveyor
with a dual-motor drive is highly dynamic. Therefore,
to synchronize the drive motors, an automatic
controller with a sufficiently high response rate to the
setting and disturbing impacts is required.

Taking into account the peculiarities of the
considered types of conveyor start, it is advisable to
use individual for each motor frequency converters
to start the belt conveyor with a dual-motor asyn-
chronous electric drive. Synchronization of two
frequency-controlled asynchronous electric drives
must be performed by the electromagnetic torque.
The similar electric motors manufactured at the
same factory can have different mechanical and
electromechanical characteristics. According to work
[15], the permissible deviation of the minimum torque
isminus 15%. Therefore, it is expedient to synchronize
the motors by equalizing their moments and loads.
To reduce the possibility of belt slippage and the belt
wear, there is required a smooth frequency change
when starting the conveyor. Smooth running and
maximum torque over a wide range of speed changes
can be achieved by vector control of the asynchro-
nous electric drive.

Technological modes of the belt conveyor

In the mining industry, the belt conveyor is
unevenly loaded during operation.

Kaung Py Aung dealt with the issue of increasing
the efficiency of the powerful conveyor plants
operation. The studies were carried out to stabilize
the traction factor of the belt conveyor. The inefficient
operation of high-capacity conveyors is caused by
the fact that the input freight flow is significantly
uneven in time and by a large number of intervals of
the freight absence. Significant uneven loading of the
web is the main cause of wear of the mine conveyor
belt. The Kaung's studies focused on the dual-motor
drive belt conveyor. The results of the studies are a
mathematical model of the movement of the dual-
drive conveyor belt with an automatic tension station
and an algorithm for automatic stabilization of the
traction factor. But in this work, attention is not
paid to the synchronization of drive stations. If the
conveyor drives synchronization is not satisfactory,
even with the optimal traction factor, there will be
oscillations in the belt and its slippage on the drive
drums. Non-synchronous operation of the drives
leads to fluctuations in the frequency of the electric
motors, as well as in the moments acting on the drive
drums and as a result leads to increasing the belt
wear.

An automatic controller that synchronizes the
operation of electric motors must take into account
a variable freight flow. With non-synchronous
operation of electric motors rotating one drum, there
occur dynamic overloads of the mechanical parts of
the drive: motors, gearboxes, drive drums, clutches.
Alongside with dynamic overloads, vibrations of the
belt occur, which contributes to its increased wear

EEIT [13]. The automatic controller that is optimally tuned

at idling of the conveyor, can carry out synchronous
operation of electric motors. At the same time, when
operating under load with the same parameters of
the automatic controller, synchronization of electric
motors can turn out to be unsatisfactory. Therefore,
during the operation of the belt conveyor, it is
expedient to change the parameters of the automatic
synchronization controller for the electric motors of
the drive drum depending on the input freight flow.

Emergency modes of the belt conveyor

At mining enterprises belt conveyors are
equipped with automatic control systems. There
are installed limit switches of the belt drift, cable-
rope switches along the entire undercarriage of the
conveyor, a sensor of the longitudinal rupture of the
belt, a sensor for monitoring damage and wear of
the belt. An effective way to monitor the presence of
belt slippage on the drive drum is to install angular
velocity sensors on the drive and bypass drums. In
the normal operation without slippage, the angular
speeds of the drive and bypass drums rotation have
a certain ratio. Changing the ratio of the angular
speeds of rotation indicates slippage of the belt on
the drive drum (with increasing the angular speed of
the drive drum rotation on and as a result decreasing
that on the bypass one). In some systems of automatic
control of the conveyor line, temperature sensors are
also provided for the motor windings, bearing units
of the drive, oil in the gearboxes. Exceeding any tem-
perature is an emergency situation that can lead to
serious damage to the conveyor. It is necessary to
stop the conveyor immediately in the event of any
emergency.

T.P. Mishchenko (Donetsk National Technical
University) studied the emergency modes of belt
conveyors, in which a large amount of heat is released
under the action of friction and, at the same time, there
increases the likelihood of the conveyor parts ignition
that are subject to increased friction. There are three
main modes of operation of the belt conveyor, in
which a large amount of heat is generated:

- belt slippage on the drive drum. One of the
causes of slippage is insufficient belt tension at the
point of its run-off from the drive drum;

- jamming of any drum (drum of tension station,
tail drum, bypass drum). The belt on the jammed
drum moves with full slip;

- failure of rollers. If a roller is jammed and there
is sufficient force of pressing the belt against the
jammed roller, intense friction occurs. The service life
of the conveyor rollers depends on the linear load,
the parameters of the conveyor, the composition of
the transported freight, the type and parameters of
the roller bearing.

The above emergency modes lead to increased
wear of the conveyor belt.

Conclusions
There have been considered the main causes
of damage to the equipment of conveyor lines. The



analysis of the belt conveyor operation in starting,
technological and emergency modes of operation has
been carried out. The harmful factors influencing the
resource of the conveyor belt have been revealed.

To increase the service life of the conveyor
line equipment, it is expedient to use a frequency-
controlled asynchronous motor with a squirrel-cage
rotor as a drive. The use of frequency converters
allows smooth starting and stopping the conveyor

Paspen «ABTOMaTuKa. DHepretuka. IKT>» W

increasing the energy efficiency of the conveyor
electric drive. Updated frequency converters have
the function of vector control, both with the use of
a feedback sensor and without sensor control of the
magnetic flux vector. Vector control of the asynchro-
nous motor contributes to obtaining a high efficiency,
high accuracy of the rotor speed control, smooth
shaft rotation at low speeds, which is important in
controlling the main belt conveyor electric drive.

drive, adjusting the speed of the motors, as well as
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AHOamna. Makanada macnanel KoHeeliepaepOiH icke KOCY, MexHO102UANbIK HOHE a8APUASbIK HYMbIC PeHcUMOepiHiH,
Heeizai acnekminepi Kkapacmeolipoinadel. 3epmmey naHi 1uinikmi pemmelimiH Hezizei macnasnel KoHeeliepdiH KOC KO3-
FAAMKbIWMbI 37eKmp Hemezi 60abim Mabbiaadsl. Tacnanel KoHeeliepdiH, 3nekmp wemeziHiH, apmypai pexcumoezi
HYMbICbIHA Mmanday xcypeizinedi. KoHeeliepsnik weninepdiH #ab0biKkmapbiHbIH 30KbIMOAHYbIHLIH Hezi32i cebenmepi
aHbIKMAaaosl. EKi momoprel anekmp xemeziH 6acKapyodbiH 3Hep2usaHbl yHemOelmiH macini aHelKkmandel. Tacnanel
KoHeeliepnepdiH e3eKmi maceneci memikmepoiH mMo3ybiHbIH HOoFapblaaybl 60s6in mabbliaadsl. KoHeeliepOiH eH Kbim-
6am 6enizi - KoHseliep neHMacsl. TacnaHbIH MEXAHUKAAbIK mepbeniciH #aHe OHbIH ¥emeK 6apabaHbIHOA CbipFbIn Ke-
myiH 60710bipMay yWwiH KoHeeliepOiH #bla0amObiFbiH BipKeaKi apmmubipyObl KAMMAMACki3 emy MaHbi30bl. emek 6a-
pabaHbiHOarbl 6endikmiH cbipFoln Kemyi 6en0iKkmiH mep3imiHeH bypbiH Mo3ybiHa aKeneodi. byn 1 ymbicmoiH MaKcamsl
— KoHseliep pecypcoiH yaralimy, OHbIH iwiHOe Hezi3zei macna KoHeeliepiHiH eKi Momopsbl 3neKmp HemeziH oHmadsnel
bacKkapy apKbiabl wewimoepdi maby. byn maceneHi wewy pemiHoe apbip HemeK KO3FanmkbiWbl YWIiH HeKe HUinik
mypneHOipeiwiH nalidanaHy HaHe XyKmemeHi meHecmipe omblpbin, KO3FaamKslWmapobiH CUHXPOHObI HYMbICbIH
ylibiMOacmeipy yCbiHbINAObLI. IAeKMpP KO3FaAMKbIWbIHbIH, aliHany xcuinieiH e3eepmy0diH KeH 0uana3oHbIHOA eH Y/KeH
MOMEHMKe Wemy yWiH, COHOal-aK pomopObiH aliHay Hbln0amoblFbiH HoFapbl 0370iKneH 6ackKapy ywiH 1uinikmi
pemmeyodiH 8eKMOP/bIK peXUMIH NalidanaHy ycoiHbIAAObI. 31eKmp Ko3faamKsiwesl. Mamepuandel maceimanday rnpo-
ueciHOe aybIcnasbl YK arbiHbIH eckepemiH adanmuemi asmomammel KOHMPOsaepOi KOAOAHFAH HEH.

Kinm ce3dep: koHseliep, anekmp xemeai, Ker KO3FaamKbIWMmMbl ¥emek, #¥Uuinikmi mypaeHoipaiw, acuHXpoHObI 31eKmp
KO3Fa/nMKbIWbl, SHEP2UsA yHeMOey, pecypc.
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AHHOmMayusA. Paccmampuearomcs 0CHOBHble acreKmsl MyCKOBbIX, MEXHOI02UYECKUX U a8apUliHbIX pexcumos pabomel
/IeHMOYHbIX KoHeeliepos. [Tpedmemom ucciedo8aHUS A8a9emcs 08yx08u2amesbHbIl 3AeKmponpueod ma2ucmparss-
HO20 IeHMOYHO20 KOH8eliepa c YaCmomHbIM pe2yauposaHuem. BoinoaHeH aHaau3 pabomsl 31eKmponpusood 1eHmo4-
HOo20 KoHgeliepa 8 pasau4HbIX pexcumax. OnpedesneHsl OCHOBHbIE MPUYUHbI Mo8pexc0eHuUs 060pyd08aHUS KOHeeliepHbIX
AuUHUl. OnpedeseH aHep203ghheKmusHbili criocob yrpasneHus 08yx08uU2amesibHbIM 371eKMpPonpueoo0om. AKmyasibHoU
npobaemoli neHMoYHbIX KoHeeliepos A8aAemca nosblweHHbIl U3HOC cocmasHbix yacmell. Haubonee dopozocmosauwjeli
yacmolo KoHgeliepa cayxum KoHeeliepHaa AeHma. BaxcHo obecrnie4yums MaaeHbIl HA6OP CKOPOCMU O8UMCEHUSA KOH-
geliepHoli neHMobl 011 npedomspaweHUs MexaHUYecKux KoanebaHuli 1eHmeol U ee NPOoCKasnb3bl8AHUA HA MPUEOOHOM
b6apabaHe. [Mpockanb3bigaHue 1eHMbl HA NpusodHom bapabaHe nNpueooum K ee rnpexcdespemeHHOMy U3Hocy. Llenbto
0aHHol pabomel seagemcs Mouck peweHul 078 ygenu4eHUs pecypca KoHeeliepHoli neHmeol, 8 MoM Yucse 3a cyem
0MMUMAsbHO20 YNpasaeHuUs 08yxoeu2amesibHbIM 31eKmponpusodoM Ma2ucmpanbHo20 1eHMOYHo20 KoHeeliepd. B
Kayecmee peweHus 0aHHoU rnpobaemel npedsaoxceH UHOUBUOYAsbHbLIU YyacmomHbil npeobpazosamesns 0019 Kaw0020
anekmpoosuaamess NPUBoOOd U OP2aHU308aMb CUHXPOHHYIO pabomy dsuzamerel, 8bipasHueas Hazpy3ky. [pednaza-
emca ucrosb308amb 8eKMOPHLIL Percum YacmomHo20 pe2yauposaHusa 018 0ocmuxeHus Haubosnbwe20 MoMeHma 8
WUupoKom OuanasoHe UsMeHeHUs 4acmomel 8paUjeHUs 3AeKkmpoosu2amess, a Mmakxe 07158 8bICOKOMOYHO20 peaysu-
POBAHUA CKOPOCMU 8pAWEHUA pomopa anekmpodsuezamens. Llenecoobpa3Ho ucnosnb3osaHue adanmueHo20 asmo-
Mamu4ecKo20 pezyaamopad, y4umsl8aiowe2o rnepemeHHbIl epy301omoK 8 Mpoyecce MPaHcnopmuposKU Mamepuand.

Knrouesoie cnosa: KoHseliep, 3nekmponpusod, MHo2008uU2amesbHbIl npusod, 4acmomHsili npeobpaszosameris, ACUH-
XPOHHbIU 3nekmpodsuzamers, sHepaocbepexceHue, pecypc.
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