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ANALYSIS AND JUSTIFICATION OF THE LAYOUT OF A MULTIPURPOSE MACHINE
FOR THE DEVELOPMENT OF MINERAL DEPOSITS

Abstract. Mining machines of various types and designs with different technical characteristics have been
created for the efficient geological explorations. The fleet of mining and transport vehicles used in the mining
industry is constantly growing. In order to accelerate the pace and reduce the cost of geological explorations,
it is necessary to ensure the widespread introduction of new technologies that will increase the productivity
for all types of exploration.

This article presents the results of a research work carried out by a team of authors to create a multipurpose
machine for the field development of mineral deposits.

The modern stage in development of traction and transport vehicles is distinguished by an increase in
power, traction and coupling qualities, cross-country ability, reliability, and other properties. These trends
in the development of vehicles can be endorsed by creating new models of vehicles or modernizing existing
designs of individual units and assemblies of machines. The modernization of tracked vehicles is related
mostly to increased energy saturation of propulsions which leads to an increase in the mass of the mining
machine without significant improvements in the design of running systems.

Based on the analysis of academic and technical sources, the team of authors proposed a replaceable
wheel-tracked mover. Machines with interchangeable wheel-tracked movers have two moving units, but only
one of them is used depending on the working conditions.

The paper presents a comparative analysis of the existing options for replaceable wheel-tracked movers.
The advantages and disadvantages of each layout are also described. Based on the analysis, the design of a
multipurpose machine for the development of mineral deposits is proposed.

The layout of the multipurpose vehicle is made in a non-conventional scheme. Both axles of the car are
driving ones and all wheels have the same size. The cab of the machine is placed in the front as this solution
allows one to place a cargo platform behind it.

The tracked mover contains two sprung caterpillar bogies containing a caterpillar chain made of solid steel
links connected by pins, track rollers and a guide wheel with a back-off mechanism fixed on the caterpillar
bogie, as well as fasteners connecting the caterpillar bogie with the vehicle frame.

This traction and transport vehicle with all driving wheels of the same size can work in quarries, in the
public utilities system, at remote pastures and geological exploration sites as a light tractor or a special
machine.

Key words: multipurpose machine, mineral deposits, geological exploration works, undercarriage system,
wheel-tracked propulsion, replaceable mover.

Introduction. The Republic of Kazakhstan has a huge reserve of minerals located throughout the country.
In order to search, discover and prepare for the industrial development of mineral deposits, geological
explorations take place. Traction and transport machines of various types and designs with different technical
properties have been developed for the effective geological exploration and mining operations in various
conditions [1, 3].

The task of expanding the mineral resource base in the most important sectors of the country’s economy can
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be solved by accelerating the pace and reducing the cost of geological exploration, which is achieved through
widespread introduction of new technologies that will increase the productivity for all types of exploration.

In 2020, a joint team of different departments of technical universities began research work to develop the
design of a traction and transport vehicle for the development of mineral deposits [4].

Materials and research methods. The modern development of traction and transport vehicles is
distinguished by an increase in power, traction and coupling qualities, cross-country ability, reliability, and
other properties. These trends in vehicles development can be endorsed by creating new models of vehicles
or modernizing existing designs of individual units and assemblies of machines The modernization of tracked
vehicles is related mostly to increased energy saturation of propulsions which leads to an increase in the mass
of the mining machine without significant improvements in the design of the running system.

Comparative analysis and comparison of wheeled and tracked vehicles during their operation in heavy
road, and especially off-road conditions, shows the advantage of the tracked vehicles by important indicators
such as cross-country ability, productivity, maneuverability, traction and coupling properties, convenience
and reliability of work [5, 7].

Based on the analysis of academic and technical sources [8, 10], the team of authors proposed the use of a
replaceable wheel-tracked mover in order to increase the productivity and passing ability of wheeled vehicles.

Vehicles with interchangeable wheel-tracked movers have two movers, but only one of them is used,
depending on the working conditions. The use of a replaceable running system will expand the functionality
of the vehicle and increase its annual load.

All existing variants of interchangeable wheel-tracked movers can be described with four main schemes.

In [11], a vehicle design with a replaceable mover is proposed, the wheeled version of which is a machine
of a traditional layout, and its track mover has a triangular shape.

A distinctive feature of the triangular track outline are the drive wheels located above the supporting
surface of the machine (Figure 1). This allows one to increase the supporting surface, lifting capacity and
stability of the machine. In addition, the drive wheel is removed from the abrasive wear zone, the transmission
units are not subject to vertical shock loads caused by the contact of the drive wheel with the ground.

Figure 1 — Scheme of a wheel-track mover with a triangular outline

Despite a number of advantages, this scheme has some significant drawbacks, such as the need to provide
a sufficient wrap angle of the drive wheel by the track, increased loading of the rear track roller with tangential
traction force, the difficulty of rear track roller suspension, increased friction losses in the track joints in the
areas around the rear track roller as well as around the drive wheel.

In [12], a design of a vehicle with a replaceable mover is proposed. Its peculiarity is the diameter of the
driving wheel that is larger than the diameter of the guide wheel (figure 2).

Figure 2 — Scheme of a wheel-track mover with an enlarged drive wheel

The increased drive wheel in comparison with the idler wheel provides a reduction in track tension and
better ground contour following. The disadvantage of this design is the uneven distribution of the specific
pressure along the length of the support surface and the difficulty of suspension of the drive wheel.

The designs of aforementioned track movers are for wheeled vehicles of a traditional (conventional)
layout. Next, we delve into the design of wheel-tracked movers with the wheels of the same size.

Figure 3 shows a tracked mover with the drive and idler wheels raised above the supporting surface. The
disadvantage of this scheme gets revealed during operations with rear attachments, when a small longitudinal
base corresponds to a large lever for lifting attachments. One of the options for this scheme is the lowered
guide wheel, which makes it possible to increase the bearing surface of the machine without changing length
of the track outline, but nevertheless there would be a problem with suspension of the guide wheel [13].
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Figure 3 — Scheme of a wheel-track mover with wheels of the same size

The described schemes of track outlines are used on traction and transport vehicles, the wheeled mover
of which has wheels of the same size. This layout combines useful features of a row-crop tractor and a car.

The tracked mover made according to the scheme shown in Figure 3, cannot be installed on vehicles of
a separate-assembly layout. Wheeled vehicles of this layout have a front engine, the cab is located behind
the engine, the front and rear wheels are of the same size and load capacity. Turning is carried through an

Figure 4 — Scheme of a wheel-tracked mover with a four-track running system

The tracked version of the vehicle with a separate-assembly layout is a four-track running system (Figure
4). Each of the tracks replaces wheels and is made in a triangular outline with the drive wheel on top. The
advantages of this design are an efficient location of the center of gravity and a large hanging capacity [14].

Results and discussion. Based on the analysis of the existing designs of traction and transport vehicles
with a replaceable wheel-tracked mover, a team of authors proposed the layout of a multipurpose machine
for the development of mineral deposits. The layout of the multipurpose vehicle shown in Figure 5 is made
in a non-conventional scheme. Both axles of the car are driving ones and all wheels have the same size. [15].

The chosen layout of the wheeled version of the vehicle has the front location of the cab and four driving
wheels of the same size which allows one to supply the carrier system of the machine with two spars between
the axles and the spatial truss under the cab. This design of the structural layout allows many rigging devices
and implements to be mounted on the vehicle without a significant change in the methods of attachment.
Moreover, the principle of front attachment makes possible the creation of new promising designs of lifting
and other equipment for auxiliary work in construction, industry and transport.

Figure 5 — Multipurpose vehicle layout

The cab of the machine is put forward. This design makes it possible to place a cargo platform of 1 cubic
meter and a load capacity of 1.5 metric tons behind it. For the transportation of goods of a low specific weight,
there are devices for mounting up the side walls in operating conditions.

As a light tractor or a special vehicle, this traction and transport vehicle with all driving wheels of the
same size can work in quarries, public utilities systems, at remote pastures and geological exploration sites.

The tracked mover contains two sprung caterpillar bogies, each containing a caterpillar chain made of
solid steel links connected by pins, track rollers and a guide wheel with a back-off mechanism fixed on the
caterpillar bogie, as well as fasteners connecting the caterpillar bogie with the vehicle frame.

Conclusions. As part of the study, a team of authors proposed the use of a replaceable wheel-tracked
mover in order to increase the productivity and passing ability of wheeled vehicles. The advantage of the
chosen design direction is an opportunity to expand the functionality of the traction machine, to supply it with
new functions, especially transport ones, thus significantly increase the operating time of the machine during
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the year and ensure the implementation of a complex of geological exploration and transportation works with
lower capital costs.
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MAMJIAJIbI KA3BAJIAP KEH OPBIHJIAPBIH UTEPYTE APHAJIFAH KOIICAJIAJIBI
MAIIINHA KYPbIJIBIMBIH TAJIJIAY KOHE HET'I3JIEY

AHHoTanus. leomorusuiblk Oapiay >KYMBICTApbIH THIMII OJKYPri3y YIIH OpPTYPIi TEXHUKAIBIK
cUmaTTaMayiapbl 0ap TYpJIi THIITETI KOHE KYPBUIBIM/IAFbI TCOJIOTHSIIBIK Oapiiay jKOHE Tay-KeH MalllMHATaPhI
xacanbl. Tay-keH eHAIpici canmachliHIa )KYMBIC ICTEHTIH Tay-KeH JKOHE KOJIiK MallMHAJIaphl MapKi Y3IiKci3
JaMbIn Kenemi. [eomorusuiblk 0apiay >KYMBICTAPBIHBIH KapKBIHBIH JKEACICTY MKOHE KYHBIH TOMCHJICTY
MaKCaThIHIa TeOIOTHSITBIK Oapiiay >KyMBICTapbIHBIH OapIIbIK TYPISPiHIH OHIMIIUTITIH apTTHIPY/IbI KAMTaMaChI3
€TETiH KaHa TeXHUKaHBI KEHIHEH EHT13y/li KAMTaMachl3 €Ty KaxkeT.

By Makamaja aBTopiap YKbIMBI XKYPTi3reH Maiiianbl Kazdamap KeH OpbIHIAPbIH HUTepyre apHaJFaH
KeTIcaalibl MalliHa jKacay OOWBIHIIA FRUTBIMU-3ePTTEY KYMBICTAPBIHBIH HOTHKEJICPIH KENTIpPreH.

TapKpIlI-KOIiK MallMHATAPBIHBIH ~Ka3ipri 3aMaHFbl Jamybl OJNAPJbIH KYaTThUIBIFBIHBIH, TapTy-
yCcTacy KacHeTTepiHiH, OTKIITITiHIH, CEHIMIUITIHIH apTybIMEH JKoHe OacKalapbIMEH CHITaTTalajbl.
MarmHanap/ibiH JaMYbIHBIH KOPCETIITeH TCeHJCHIMSUIAPBIH MAallHHATIAP/bIH JKaHa YITIIepiH kacay
HEMece MallMHATAP/IbIH JKeKe TYHIHIepi MEH arperaTTapblHbIH KOJJIAHBICTAFbl KYPBUIBICTAPBIH KAHAPTY
apkpuTbl menryre 6osaael. [IBIHKBIp TaOaHABI MAIIMHATAP/BI HKAHFBIPTY, HETI31HEH, KO3FAITKBIIITAP/IBIH
SHEPTUSAMECH KAHBIKTBUIBIFBIHBIH apTybIMCH OaiIaHbICTBI, OYJT JKYpic JKYHENepiHiH KOHCTPYKIHUSACHIH/IA
eJIeyITl JKAKCAPTYIapChi3 Tay-KEH MaIIMHAIAPbI MACCACHIHBIH YJIFAIOBIHA OKEJIEII.

ABTOpNap FBHUIBIMU-TCXHHUKAJIBIK O/ICOMETTEPIl Talfady HETI3iHAC aybICHaibl JOHFAIAKTBI-IIBIHKBIP
TabaH bl KO3FAITKBIIITHI Mai1aaHy/Ibl YChIHABI. AYbICTANbI JOHFAIAKTHI-IIBIHKBIP TA0AHIbI KO3FAITKBIIIbI
Oap MalrHaIap/IbIH €Ki KO3FaITKBIIIBI 00J1a1bl, OipaK oiapablH TeK Oipeyi )KYMBIC KaF aibiHa OaiIaHBICThI
MaigaIaHblIIa kL.

JKyMbicTa aybIcHalibl TOHFAIAKTHI-IIBIHKBIP TA0AH bl KO3FAITKBIIITAP/IBIH KOJIAAHBICTAFbl HYCKATAPhIHA
CaJIBICTBIPMAJIbI TAJJIAY KAacaJIbl. Op CXEMaHbIH apTHIKIIBUIBIKTAPhI MEH KEMIIUTIKTEPi culiaTTanFad. Tammay
HETi3iHAe maigansl Kazbamap KeH OPBIHAAPBIH WUTEpyre apHalfaH Kercajalbl MAallMHAHBIH KYPbUIBICHI
YCBIHBUI/IBI.

Kercananel KoK KYpPaJbIHBIH KYPBUIbIMBI OJETTEriICH O3TCIle BIKIIAMChI30a HETi3iH/e KacasraH.
MarvHaHbIH €Ki OeJIiri XKeTeKIl, OapIIbIK IOHFaIaKTaphl Oip emreM1i. MammHaHbIH KaOMHACKHI ajFa Kapai
YKBUDKBITBUIFaH, OYJ1 OHBIH apThIH/A JKYK IATQOPMAaChIH OpHAIACTHIPYFa MYMKIHIIIK Oepe]ti.

JKeHin TapTKbIII HEMece apHaiibl MalllMHA PeTiHae Oipaei enmmemeri OapibIK )KEeTEKII JOHFaIaKTaphl
O0ap Oy TapTy-KeiK KypasiblH Kapbepiepie, KOMMYHAIIBIK INapyalibUIbIK JKYHECiHIe, MIalFaiaarsl
KaWbUTBIMAAP/IA, TEOOTHSIIBIK Oapiiay/ia KoaaaHyra O0oaibl.

Tyitinai ce3mep: Kkercananbl MalldHa, MaWansl Kazbamap KEH OPBIHAAPHI, TEOJOTHSUIBIK Oapiay
JKYMBICTAPBI, )KYPIC KYHEC], TOHFATAKTHI-IIBIHKBIP TA0AHIBI KO3FAITKBIIIL, aybICTIATbI KO3FAITKBIIIL.
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AHAJIN3 1 OBGOCHOBAHUE KOMIIOHOBKY MHOT'OLIEJIEBOM MAIIIUHBI JIJISI
PASPABOTKH MECTOPOXJIEHHUI IMOJIE3HbIX HCKOIAEMBbIX

Annotanus. {151 53¢ heKTHBHOTO POBEACHUS FE0IOTOPAa3BEA0UHBIX PA0OT CO3/1aHbI TE€0IOr0pPa3BeJOUHbIC
U TOpHBIE MAlIMHBI Pa3HBIX TUIOB M KOHCTPYKIUH C pa3iMYHBIMH TEXHUYECKUMH XapaKTEPUCTHUKAMH.
[Tapk rOpHBIX W TPAaHCIOPTHBIX MAIIWH, 3aHITHIX B c(hepe TOPHOrO MPOM3BOACTBA, MOCTOSIHHO pacteT. C
LEJIBI0 YCKOPEHUSI TEMIIOB M CHIIKEHHUSI CTOMMOCTH I'€0JIOTOPa3BEOUHBIX PadOT, HEOOXOIUMO 00eCreynTh
LIMPOKOE BHEIPEHHE HOBOW TEXHUKH, OOECHEUMBAIOIIEH MOBBILIEHHUS MPOU3BOAUTEIBHOCTH BCEX BU/IOB
re0JIOrOpa3BeA0UHBIX PaOOT.

B nanHO cTaThe NPUBEAEHBI PE3YIIbTATHL, IPOBEACHHON KOJUIEKTUBOM aBTOPOB HAY YHO-UCCIIE10BATENIbCKOM
paboThI IO CO3ZIAHMIO MHOTOLICJIEBON MAIIMHBI JJ1s1 pa3padOTKU MECTOPOXKICHUH MOJIE3HBIX UCKOIAEMBIX.

CoBpeMeHHOE pa3BUTHUE TATOBO-TPAHCIIOPTHBIX MAIIMH XapaKTEpU3yeTcs MOBBIIIEHUEM UX MOIIHOCTH,
TATOBO-CLEMHBIX Ka4eCTB, IPOXOAUMOCTH, MOBBIIIEHHEM HaJIeKHOCTH U JPYTUMHU. YKa3aHHbIE TE€HACHLUU
PasBUTHSL MAIIMH MOTYT OBITh PELICHBI IyTEM CO3JaHHsS HOBBIX OOpa3lOB MAlllMH WM MOJIEPHHU3ALMH
CYLIECTBYIOIIMX KOHCTPYKLUI OTAEIbHBIX Y3JIOB M arperaroB MamuH. MoJepHu3anus r'yCeHUYHbIX MaIlIuH
UJIET 3a CUET YBEJINYEHUs] YHEPTOHACHIIIIEHHOCTH CHIIOBOM YCTAaHOBKH, YTO NMPUBOJAUT K YBEIMYEHHUIO MACCHI
TOpHOW MalIuHBL, 6€3 CYIIECTBEHHBIX YCOBEPLUICHCTBOBAHUN KOHCTPYKIUH XOJJOBOH CHCTEMBI.

ABTOpaMM, Ha OCHOBE IPOBEJEHHOIO aHaJINW3a HAYYHO-TEXHUUECKOW JUTEpaTypbl MPEIOKEHO
HCIOJIb30BAHNE CMEHHOI'O KOJIECHO-TYCEHUYHOTO IBUKHUTENSA. MaIlllHbBI CO CMEHHBIM KOJIECHO-TYCEHUYHBIM
JBYKUTEIEM MMEIOT J[Ba JIBMXKUTENS, HO UCIIONb3yeTCs TOJIBKO OJUH M3 HUX B 3aBUCHMOCTH OT YCIIOBHM
paboThI.

B paboTte npoBeaeH cpaBHUTENBHBIN aHAN3 CYIIECTBYIOIINX BAPUAHTOB CMEHHBIX KOJIECHO-TYCEHHYHBIX
nBrkuTene. Onucanpl MpeuMyIlecTBa M HEAOCTAaTKU KaKaoi cxeMbl. Ha ocHOBe NMpOBEEHHOIO aHaIMu3a
MpeAIoKeHa KOHCTPYKLUS MHOTOLICTIEBOM MALIMHBI 7151 pa3paOOTKU MECTOPOKICHHIM TOJIE3HBIX HCKOTIAEMBbIX.

KoMItoHOBKa MHOTOIIEJIEBOTO TPAHCIIOPTHOI'O CPE/ICTBA BHITIOJIHEHA IO CXEME, OTIIMYHOMN OT KJIACCUYECKOM.
O6a mocTa MalMHbI BeAylIne, Bce Kojeca OMUHAKOBOTO pa3Mepa. KabrnHa MalMHbl BEIHECEHA BIIEPE.], YTO
MO3BOJISIET Pa3MECTUTh 32 HEell TPY30BYIO MJIaTHOPMY.

Kak nerkuii Tsirau uiu crieliuaibHas MallliHa JaHHOE TATOBO-TPAHCIIOPTHOE CPEACTBO CO BCEMH BEAYIIIMMU
KOJIECAaMH OJIMHAKOBOI'O pa3Mepa MOXET paboTaTh B Kapbepax, B CUCTEME KOMMYHAJBHOTO XO3sHCTBa, Ha
OTTOHHBIX [TACTOUIIAX, B TCOJIOrOPa3BEIIKeE.

KuroueBble cjioBa: MHOTOLEIEBAsI MAILITHA, MECTOPOXKIEHHUS TIOJIE3HBIX HCKOTIAEMBIX, T€0JIOrOpa3Be10uHbIE
paboThI, XOOBAas CHCTEMa, KOJIECHO-TYCEHUYHBIN IBUKUTEINb, CMEHHBIH JBHIKUTEIb.
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