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edition of Web of Science. Content in this index is under consideration by Clarivate Analytics to be
accepted in the Science Citation Index Expanded, the Social Sciences Citation Index, and the Arts
& Humanities Citation Index. The quality and depth of content Web of Science offers to researchers,
authors, publishers, and institutions sets it apart from other research databases. The inclusion of
News of NAS RK. Series of geology and technical sciences in the Emerging Sources Citation
Index demonstrates our dedication to providing the most relevant and influential content of geology
and engineering sciences to our community.
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Hyckacbl Emerging Sources Citation Index-me uHOekcmeriyee KabbinndaHraHbiH xabaprnalosl. byn
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ELECTROMAGNETIC VEHICLE WITH AUTOMATED CONTROL SYSTEM FOR
SURFACE MINING OPERATIONS

Abstract. The modern development of the mining industry is aimed at expanding the development of
mineral deposits by surface mining.

Along with the increase in the number of surface mining enterprises, a further increase in the extraction
of minerals is associated with the development of deeper horizons. At the same time, the cost of transporting
rock mass and its cost increase.

The growing depth of mining operations places new demands on mining and transportation equipment.
The effectiveness of traditional types of open-cut transport — sharply reduced at a depth of more than 150-200
m.

The purpose of this research is to develop an electromagnetic vehicle with an automated control system
for the delivery of rock mass in large pieces from the lower horizons of the open pit to the surface.

The main focus of research is the design and technical capabilities of the locomotive-free conveyor train
engine and the development of a combined electromagnetic drive on the basis of electromagnetic motors with
a moving magnetic wire and linear asynchronous motors.

In order to develop a technical proposal for the creation of a locomotive-free automated vehicle, existing
designs and control systems for conveyor trains and electromagnetic motors were studied, as a result of which
the positive qualities of solenoid type electromagnets and linear asynchronous motors were established, while
it was noted that when they are used together as a combined drive, their drawbacks are almost mutually
compensated.

The basic idea is to use a hybrid system with electromagnetic drives to move the conveyor train on an
inclined track and anelectric unit to control and monitor the interaction of combined electromagnetic drives
with the vehicle.

Key words: mining industry, open-pit transport, conveyor train, electromagnetic motor, linear asynchronous
motor, automated control system.

Introduction. The entry and consolidation of Kazakhstan in the world mineral raw materials market in the
conditions of increasing competition depends on the competitiveness of the products offered, which in turn
depends on the quality, quantity and cost of the ores extracted.

The modern development of the mining industry is aimed at expanding the development of mineral
deposits by the open method [1,2].

Along with the increase in the number of surface mining enterprises, a further increase in the extraction
of minerals is associated with the development of deeper horizons. Over the past 15-20 years, the depth of
open pits from the surface of 250-300 meters has already been reached, the project provides for deepening of
open pits up to 500-600 m, and in some cases up to 900 m [1]. At the same time, the cost of transporting rock
mass and its cost increase. The share of costs for open pit transport in the total cost of mineral extraction is
currently almost 60%, and with an increase in the depth of open pits to 500-600 m. they will increase by at
least 3 times [2, 3].

This paper was prepared based on the results of the implementation of the IRN grantAR09562556 with the
financing of the Ministry of Education and Science of the Republic of Kazakhstan.
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The growing depth of mining operations places new demands on mining and transportation equipment.
The use of traditional types of open-pit transport — railway and automobile in the development of deep
horizons is associated with an increase in the open pit field, an increase in overburden work during the
passage of exits, and in the case of using motor vehicles — and with the creation of an additional ventilation
system for cleaning the atmosphere from toxic components of the exhaust gases of the internal combustion
engine. The use of conveyor transport is associated with the need for crushing rock mass and a limited angle
of transportation. The efficiency of using these types of transport is sharply reduced at a depth of more than
150-200 m.

An analysis of the structure of the cost of one ton of rock mass extracted under these conditions shows
that transport costs have the greatest share in this cost. Thus, the share of costs for intra-barrier transport in
the total cost of a ton of minerals is almost 50%, reaching about 70% in deep open pits. In this connection,
the problem of reducing the cost of transporting rock mass with an increase in the depth of field development
and, accordingly, reducing the cost of minerals is important.

The reduction of mineral reserves and their non-renewability are important factors in the development of
a strategy for the development of mining production and, in particular, the delivery of rock mass from deep
open pits.

Materials and methods. A promising technical solution is the use of steeply inclined lifts formed on the
basis of locomotive-free (conveyor) trains with electromagnetic drives, distributed and contactless acting on
a vehicle made in the form of a flexible system of running trolleys with a load-bearing surface adapted to
loading large-bulk materials, and moving continuously between loading and unloading points [4-6]. One of
the advantages of conveyor trains is that, thanks to the distribution of traction drives along the transportation
path and continuous interaction with the magnetic field of the engines, it is possible to carry out steeply
inclined delivery of rock mass, like a traction rope. In addition, given that open-cut transport is the main
environmental polluter in the mining industry, the transition to electric energy will improve the environmental
situation in the surrounding open-pit environment.

Currently, electromagnetic motors operating on direct current (solenoid type electromagnets with a
moving magnetic wire [5]) and alternating current (linear asynchronous motors [6-10]) are used as consumers
of electrical energy in conveyor trains (CT).

The principle of operation of conveyor trains (KT) with solenoid-type electromagnetic motors with a
movable magnetic circuit [5] is based on the interaction of the magnetic field created by the inductor when
an electric current flows through its winding with a magnetic circuit magnetized in this field connected to
a running trolley. As a result of this interaction, the running trolley is set in motion. This happens until the
magnetic circuit approaching the inductor reaches the next pole. At this moment, the inductor winding is
disconnected from the power source. With the help of induction sensors, the following electromagnetic motor
is switched on. The inductor windings are powered from a three-phase network with a line voltage of 380 V
and a frequency of 50 Hz through a three-phase bridge rectifier. The switching of inductors is controlled by
means of thyristor switches with the use of magnetic energy quenching circuits.

The control of electromagnetic motors using thyristor switches is quite simple and provides their switching
mode. However, such control cannot take into account changes in the terrain of the route, as well as when
approaching the next engine with this inclusion, the traction force is maximum, which leads to a jerk and
heavy load on the car couplings.

When creating high-speed passenger transport and conveyor trains, linear asynchronous motors (LAM)
with a traveling magnetic field are widely used [8,9], which work well in a horizontal motion, but with an
increase in the angle of transportation, the traveling magnetic field reduces its efficiency. The operation of the
LAM is significantly affected by the edge effect due to the open-end magnetic circuits, which worsen such
parameters as traction force, power factor, and efficiency.

A linear asynchronous electric drive [11] containing two autonomous voltage inverters (frequency
converters) and a linear asynchronous electric motor. A linear asynchronous motor consists of two opposite
inductors with working windings and a non-magnetic secondary element. In this electric drive, two voltage
inverters are connected to a transformer, and their resulting voltage supplies the windings of a linear
asynchronous motor. The disadvantage of controlling frequency converters in relation to high-speed electric
drives is low efficiency, due to the fact that the start is carried out not at maximum current and maximum
traction force, but at the moment when the traction force exceeds the force of starting the moving part. With
a limited length of the moving part, this means that part of its length will not be used immediately with
switching on at full current and at maximum power.
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The use of frequency converters to control linear motors is widely used but has low informational efficiency,
in particular, there is no possibility to control the movement and speed of the vehicle and motor operation.

Using the positive qualities of the above engines, namely, the ability of solenoid engines to develop a
large tractive effort to ensure a normal start, and linear asynchronous motors carry out a relatively uniform
movement of the train along the track, provides prerequisites when using them in combination to create a
steeply inclined lift.

Results. To control the combination of electromagnetic motors, an automated control system was
developed at the D.A. Kunaev Institute of Mining.

The technical proposal for the creation of a locomotive-free magnetic transport system consists in
combining two principles of magnetic traction, namely, the principle of power electromagnetic traction and
the principle of a running magnetic wave.

An experimental sample of a locomotive-free transport, is a trolley that moves along the guide tracks,
where electromagnetic motors are installed along the way of the movement. The power electromagnetic
traction is implemented using two solenoid electromagnetic motors with a movable magnetic circuit, one
of which accelerates the trolley at the beginning of movement, and the other slows it down at the end of
movement. The booster engine is installed at the beginning of the track and provides the starting traffic. A
linear asynchronous electromagnetic motor (LAEM), containing 12 electromagnets of a running magnetic
field, provides traction of the trolley along the course of movement. At the end of the track, an electromagnetic
motor is installed to brake the trolley. Figure 1 shows a diagram of the installation of electromagnetic motors
of a locomotive-free magnetic transport system.

TR —

Fig. 1-Diagram of the installation a fragment of a combined electromagnetic motor of a locomotive-free
magnetic transport system. (View from above). 1-Trolley, 2-Solenoid type electromagnetic motor, 3-Linear
induction electromagnetic motor.

The photo of a fragment of a combined electromagnetic motor of a locomotive-free magnetic transport
system is shown in Figure 2.

1 2 3 4 5 6 z

Fig. 2-The photo of a fragment of a combined electromagnetic motor of a locomotive-free magnetic
transport system. (View from above).

The principle of operation of a combined electromagnetic motor is based on the interaction of a magnetic
field created by a solenoid-type electromagnetic motor (4) and three coils of a running magnetic field (5, 6,
7) with a moving magnetic circuit (2) and an aluminum inductor (3) mounted on the undercarriage (1) when
electric current flows. As a result of the magnetic-inductive interaction, the running trolley is set in motion.
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Power electromagnetic motors are connected to the industrial network through three-phase rectifiers
controlled by an electronic unit based on signals from inductive sensors of the trolley position. Induction coils
of a linear asynchronous motor are connected to the industrial network through a switching unit controlled by
signals from inductive sensors of the trolley position. The electrical circuit of an automated control system
for a combined electromagnetic motor of a locomotive-free magnetic transport system is shown in Figure 3.
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Fig.3 - The electrical circuit of an automated control system for a combined electromagnetic
motor of a locomotive-free magnetic transport system.

The windings of the solenoids and induction coils of the excitation of linear motors are powered from a
three-phase network with a line voltage of 380 V and a frequency of 50 Hz through three-phase half-bridge
rectifiers and single-phase rectifiers implemented on opto-thyristor modules M01-250-12.

The SIMATIC S7-1200 programmable logic controller 6ES7211-1AE40-0XBO0 performs general control
of an experimental model of a locomotive-free vehicle. The position of the trolley is controlled by eighteen
inductive sensors, through which the operator also receives information about the speed of movement,
information about the technical condition of the engines (current value, heating of the inductor, etc.). An
experimental sample of a locomotive-free vehicle is connected to a three-phase network via an automatic
switch LV525439 3P AUTH. OFF. CVS250F 36KA MA220. Protection of opto-thyristor modules from EMF
self-induction of induction coils is performed by diode-diode modules M4-80-12, and power electromagnets
by diode modules M4.1-100-12.

The diagram of the operation of an automated control system for a combined electromagnetic motor of a
locomotive-free magnetic transport system is shown in Figure 4.
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Fig.4 - The diagram of the operation of an automated control system for a combined electromagnetic
motor of a locomotive-free magnetic transport system.
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The three-phase mains voltage U according to the signal from the sensor S1 at the time moment t1 is
converted into a rectified positive voltage Us, which supplies the first half of the solenoid. According to the
signal from the sensor S3 at time t3, the second half of the solenoid is de-energized and the trolley approaches
the coils of the traveling magnetic field. According to the signals of the sensors S4, S5 and S6, three coils are
connected to different phases of the positive voltage U1, U2 and U3, respectively.

Discussion. The solution of the problem of the open-cut transport is associated with the creation of a
steep-slope transport installed on the non-working side of the open pit side using combined traction drives
based on solenoid-type electromagnets and linear asynchronous motors with an automated control system
and control over the operation of transport. The photoof a locomotive-free magnetic transport system is
shown in Figure 5.

Fig.5 - The photoof a locomotive-free magnetic transport system.(Front view).

A linear asynchronous motor contains twelve electromagnetic coils in a three-phase connection mode,
three coils as they move.

The presence of a programmable logic controller in the automated control system will allow you to control
the operation and manage transport through a centralized control system, as well as change the algorithm for
switching on the solenoids and investigate the dynamic characteristics of the trolley movement, in order to
find out the optimal control mode.

Conclusion. The main results are the development of a technical proposal for a locomotive-free open-pit
transport with hybrid electromagnetic drives and a unique automated control unit for the transport complex.

The scientific and practical significance lies in the use of combined electromagnetic motors for the semi-
steep hoist, moving along the railroad tracks, installed on the non-working side of the pit, in the development
and creation of an automated control system for the reliable operation of the hoist.

The practical significance of the research results is associated with the continuation of work in this
direction with the creation of steep-slope transport, which reduces the cost of transportation and improves the
environmental situation at the open pit by replacing dump trucks.

Enbirenos E.K.!, Bacun K.A.”

'«Kazakcran PecryOaMKachIHBIH MUHEPAJIIBIK IMKI3aTTHI KEMIEH i KaliTa oHJIey )KOHIHIET] YIITTHIK
opraneirel» PMK dummaner, Konaes J[.A. areraaarsl Tay-keH ici MHCTUTYTHI, Anmarsl, Kazakcran;
2CorbaeB ynusepcureTi, AnMarsl, KazakcTaH.
E-mail: e.k.edigenov(@rambler.ru

AIIBIK TAY-KEH )K¥YMbBICTAPBIHA APHAJITAH ABTOMATTAH/BIPBIJIFAH
BACKAPY )KYHECI BAP JIEKTPOMATHUTTI KO.JIIK

AnHoTtauus. KeH eHIipy eHepKoCciOiHIH Ka3ipri 3aMaHFbI JaMYHI Taliqansl Ka30aaapIslH KeH OpBIHAapBIH
aIIBIK TOCUTMEH UTEPYIi KCHEUTyTe OarbITTaIFaH.

AIBIKTAy — KeH OHJIipici 6ap Tay-KeH KOCIMOPBIHIAPH! CAaHBIHBIH ©CYi MEH Karap Mmaimaisl Ka3oamapabl
OHIIPYIIH OaH d9pi apTysl TEPSH TOPU3OHTTAPBIH TaMybl MCH OailTaHBICTEI. byl peTTeTay — KeH MaccachbliH
TackIMalIJIayFa dKYMCaJaThIH IIBIFBIHIAP XKOHE OHBIH O31HIK KYHBI 6CE/Ii.
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Tay-KeH KyMBICTapbIHBIH TEPEHIITIHIH 6CYyi Tay-KeH KeJliK )a0IbIKTapbIHa XKaHa Tananrtap Kosiiel. Kapeep
KOJITiHIH JoCTY Pl TYPIIEpiH KOMIanyabH THIMALTIT — 150 — 200 M-1eH acTaM TepeH IikTe KYPT TOMEH IS 1.

Ocpl 3epTTeynepail MakcaTbl KapbepAiH TOMEHIT TOPU30HTTAapbhlHAH Kep OeTiHe ipi KeCeKTi Tay-KeH
MaccachlH JKETKI3y VIIIH aBTOMAaTTaHIBIPhUIFAaH Oackapy jkykeci 0ap 2JeKTpPOMArHHTTIK KONIKTi a3ipiey
00JIBII TAOBLIABI.

3epTTeynin Herisri 0arbIThl — JJOKOMOTHBCI3 KOHBEHEPIIK MONBI3ABIH KYPBUIBIMIBIK KOHE TEXHHKAJIBIK
MYMKIHIIKTepi KOHE KBUDKBIMAJIbl MATHUTTIK Ti30€Ti jKOHE CBI3BIKTHI ACHHXPOHIBI KO3FANTKBIIITAPEI Oap
3NIEKTPOMArHUTTIK KO3FANTKBIIITAp HETi31HAe Kypama 3JIeKTPOMAarHUTTiK )KETEKTi JaMBITY.

JlokoMOTHBCI3 aBTOMATTaHIBIPBUIFaH K&K KYPaJIbIH KYPY TYPajibl TEXHUKAIBIK YCBIHBICTBI 931piiey YILIiH
KOJIZIAHBICTaFbl KOHCTPYKIMSATIAp MEH KOHBEHEpITiKk MoWbI3aapAbl Oackapy Kyhesepi MeH 3JIeKTPOMarHUTTIiK
KO3FaITKBILITAP 3EPTTENIi, HOTHKECIHAE COJI EHOUATHI SIICKTPOMArHUTTEPAIH JKOHE CBI3BIKTHI aCHHXPOHIBIK
O3FaNT KBIIITAP/BIH OH KAaCHETTEpl aHBIKTAJIbI, OJapAbl OIpiKTIpUITeH KeTeK PeTiHJe Mmalganany Ke3iHmie
oJNapbIH KEMIIUTIKTEpI ic )KY3iHAe 03 apa eTee/i.

Heri3ri unes — koHBelep MOWBI3BIH KOJIOLY KOJIMEH JKYPrizy YIIIH JKOHE CaHIBIK 0acKapy OJIOrkl MEH
JKOHE apajiac AJIEKTPOMArHUTTIK JKETEKTEePHiH KOJIK Kypallbl MEH e3apa opeKeTTecyiH Oakpliay YIIiH
AIIEKTPOMATHUTTIK JKeTeri 0apruOpuITi )KyHeH1 KoIIaHy.

Tyiiinai ce3nep: Tay-KeHOHIPICi, KAPBEPITIK KOIIK, KOHBEHEPITiK MTOHBI3, AIIEKTPOMATHUTTIK KO3FAJITKBIIIL,
CBI3BIKTBI aCHHXPOH/IbI KO3FAJITKBILL, aBTOMATTaHABIPBIIFAH OacKapy >kyHeci.

*Byn makana AP09562556 J)KTH rpaHTbIH OpbIHAy HOTHKEIEpi OOMBIHINA JaiibIHIAFaH.

E.K. Eanirenos’, K.A. Bacun?

!®unuan PI'TI «HaruoHansHbIH IEHTP MO KOMIUIEKCHOH rnepepaboTke MUHEPATLHOTO ChIPhs
Pecnyomuku Kazaxcrany», UacTutyT roproro nemna um. [|.A.Kynaesa, Anmarsr, Kazaxcran;
*Vuusepcurer Canrtmaesa, AiaMarsl, Kasaxcran.
E-mail: e.k.edigenov@rambler.ru

SJIEKTPOMATHUTHBIIA TPAHCIIOPT C ABTOMATU3UPOBAHHOM CUCTEMOM
YHPABJIEHUSA JJISA OTKPBITBIX 'OPHBIX PABOT

AnHoranusi. COBpEeMEHHOE Pa3BUTHE TOPHOAOOBIBAIOLICH NPOMBIIIJICHHOCTH HANpaBICHO Ha
pacmmpeHne pa3paboTOK MECTOPOKICHUH MOIE3HBIX HCKOMAEMBIX OTKPBITHIM CIIOCOOOM.

Hapsity ¢ pocToM gmciia ropHBIX MPEANPUSITHI C OTKPBITHIM CIIOCOOOM JOOBIYH TaTbHEHIIICE TOBBIIICHUE
M3BJICYCHUS TTOJIE3HBIX UCKOTIAEMBIX CBSI3aHO C pa3paboTKoii Oosee rryOokux ropu3oHToB. [Tpn aTOM pactyT
3aTparsl Ha TPAHCIIOPTUPOBAHUE TOPHOU MACCHI U €¢ Ce0eCTOMMOCTb.

PocT riryOuHBI TOpHBIX paboT NPEIBSBIISET HOBBIE TPEOOBAHHS K TOPHO - TPAHCIIOPTHOMY 000PYIOBaHHIO.
3¢ deKTUBHOCTD MPUMEHEHHS TPAAULHOHHBIX BHIOB KapbEepPHOIO TPAHCIIOPTA —PE3KO CHIDKAIOTCS HPHU
1youHe pa3padbotke 6omee 150-200 m.

Llenpr0 HACTOSIIMX HCCIIENOBAaHMN SIBISIETCS  pa3padoTaTh  JJIEKTPOMArHUTHBIM  TPAHCHIOPT C
aBTOMATH3MPOBAHHOM CUCTEMOW YIIpaBICHHS JUIS AOCTABKU KPYIMHOKYCKOBOH TOPHOM MacChl ¢ HM)KHHUX
TOPH30HTOB Kapbhepa Ha MOBEPXHOCTb.

OCHOBHBIMH HAaIIPaBJICHUSMH HCCICAOBAaHUN SBISIIOTCS KOHCTPYKTHBHBIC M TEXHUYECKHE BO3MOKHOCTH
0€3JI0KOMOTHBHOTO KOHBEHEPHOTO Moe3/1a M pa3paboTka KOMOMHHPOBAHHOTO JIEKTPOMAarHUTHOTO MPUBO/IA
Ha 0ase NIEKTPOMArHUTHBIX JABHUTATENIEH C IMOABHKHBIM MarHUTOIPOBOIOM M JIMHEWHBIMH aCHHXPOHHBIMH
JBHUTATEIISIMU.

JInst pa3pabOTKH TEXHUYECKOTO MPEATIOKEHHUS M0 CO3/IaHHI0 Oe3JIOKOMOTHBHOTO aBTOMAaTH3HPOBAHHOTO
TPaHCIIOPTHOTO CPEACTBAa OBUIM WM3YYEHBI CYIICCTBYIOUIME KOHCTPYKIMH ¥ CHCTEMBI YIPaBICHHS
KOHBEHEPHBIMH TI0€3/1aMH M DJICKTPOMArHUTHBIC BHTATEIH, B PE3yJbTaTe 4Yero ObUTH YCTaHOBJICHBI
TIOJIOXKHUTENBHBIE KaueCTBa HJICKTPOMArHUTOB COJICHOWIHOTO THIIA M JIMHEHHBIX AaCHHXPOHHBIX JIBUTATEIICH,
P 3TOM OBLIIO OTMEUYEHO, YTO IPH UX COBMECTHOM HCIIOJIb30BAaHNH B Ka9€CTBE KOMOMHUPOBAHHOTO MTPUBO/IA
UX HEJOCTATKH MPAKTUYECKH B3aUMHO KOMITCHCUPYIOTCS.

OcHoBHas uzaesl 3aKII0YACTCs] B MPUMEHEHUH TMOPUAHON CHCTEMBI C AJIEKTPOMATHUTHBIMH HPUBOAAMHU
JUTS TIEpEMETIICHUS] KOHBEHEPHOTO M0e3/1a 10 HAaKIIOHHOMY IYTH 1 U(POBOTO OJI0KA yIIPaBICHHUS ¥ KOHTPOJIS
3a B3aMMO/ICHiCTBEM KOMOWHHPOBAHHBIX 3JIEKTPOMAarHUTHBIX PUBOIOB C TPAHCIIOPTHBIM CPEACTBOM.

KiroueBble cioBa: TOPHOIOOBIBAIOIIASl OTPACib, KapbepHBI TPAHCIIOPT, KOHBEHEpHBIH O3,
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SNIEKTPOMArHUTHBIM JIBUraTeib, JIMHEHHBIH ACHHXPOHHBIH JBHIaTellb, aBTOMAaTU3UPOBAHHAs CHCTEMa
yIpaBJICHHS.

*JlaHHasg cTaTbsd IMOATOTOBIIEHA MO pe3yasrataM BelmonHeHHWss rpaHta MPHAP09562556 mnpu
¢unancuposannn MOH PK.
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