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RESEARCH ON THE OPERATIONAL QUALITIES OF A MINING MACHINE FOR THE
DEVELOPMENT OF MINERAL DEPOSITS

Abstract. Mining machines of different types and designs with different technical characteristics have been
created for geological exploration. The fleet of mining and transport vehicles engaged in mining production
is constantly growing. However, the quantitative growth of the park alone is not enough for a rapid increase
in labor productivity. Qualitative changes are needed due to the creation and introduction of fundamentally
new means of labor that surpass the best domestic and foreign models of equipment in their technical and
economic indicators.

The modern development of mining machines is characterized by an increase in their power, traction
qualities, cross-country ability, increased reliability and others. These trends in the development of machines
can be solved by creating new models of machines or upgrading existing designs of individual components
and aggregates of machines. The modernization of mining machines is due to an increase in the energy
saturation of the power plant, which leads to an increase in the mass of the mining machines, without
significant improvements in the design of the running system. This leads to a more intense impact of the
movers of the machines on the ground, to the destruction of its structure.

Therefore, it is necessary to improve the performance of the running systems of the machines, which
characterize the interaction of the propulsion with the support base. To do this, it is necessary to conduct a
study of the influence of the design parameters of the machine on its operational qualities.

Experimental studies of the influence of the design parameters of a mining machine on its operational
qualities require large expenditures of resources, time and money.

In order to reduce the material, time and resource costs of conducting experimental studies and obtaining
data for mathematical modeling of the interaction of the propulsor with the ground, physical modeling
methods are used.

Testing on models makes it possible, as well as on real machines, to identify the qualitative side of even
such complex processes as the interaction of propellers with the support surface. A number of general patterns
can be established on the model more strictly than on a real machine, since it is easier to exclude the influence
of random factors here.

The results of the conducted research make it possible to reduce the cost of time and material resources in
the creation and operation of running systems of mining machines.

Key words: mining machines, mineral deposits, undercarriage system, physical modeling, ground,
operational properties, model of a undercarriage of a vehicle, traction and drag properties.

Introduction. Mining machines of various types and designs with different technical characteristics
have been created for operation in various conditions. The type and purpose of the machine determine the
design of its undercarriage system. Tractive and transportation vehicles are widely used in agriculture, in the
construction of highways and railways, in the laying of gas and oil pipelines, in the mining industry and in
the exploration of minerals [1, 2, 3].

As part of the research work, a team of authors has developed designs for the undercarriage systems of
tractive and transportation vehicles, the peculiarity of which is that they are equipped with rubber-reinforced
tracks [4].

In the paper [5], a mathematical model of the interaction of a rubber track with a support base was
developed. To obtain confirmation of the results of theoretical studies, experimental studies were carried out.
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Materials and research methods. Experimental studies of the influence of the design parameters of a
mining machine on its performance require a lot of resources, time and money [6, 7]. Therefore, in order
to reduce material, time and resource costs for conducting experimental research and obtaining data for
mathematical modeling of the interaction of a tracked propulsive device with the ground, it is proposed to
use physical modeling methods [8, 9]. In physical modeling, the soil remains natural, while the machine is
vehicle with a model that simulates the effect of a full-scale vehicle on the soil. In this case, a change in scale
occurs, however the nature of the phenomenon remains unchanged. Qualitative and quantitative connections
of such phenomena are established in the form of criterial relationships.

To carry out experimental studies, the method of speed-up and coasting of the undercarriage system model
on a horizontal surface was used, which provides comparative data for hard and soft soils [10]. This method
provides the accuracy of measurements and the ability to compare different versions of the models in the
same parameters of mass and base.

To carry out experiments at the Department of Transport Equipment and Logistics of Toraighyrov
University NJSC, a stand was designed and made for studying various types of undercarriage systems on a
universal non-self-propelled model of the undercarriage system of a tractive and transportation vehicle.

The essence of the method lies in conveying a precisely defined amount of energy to the model, that
ensures the acceleration of the model to speed v. Then this speed gets put out due to losses in the propulsion
device during coasting (run-out).

In practice, the creation of a certain amount of energy can be carried out using the potential energy of the
lifted load. The scheme of the experiment is shown in Figure 1.

LI

h

locking device

] <
O oo (o)

° | NANNAN |
i s

' m,

Figure 1 — The scheme of the experiment by the speed-up and coasting method.

Load of the mass m, is raised to the height /2 and gets connected by a cable through a system of blocks
with the model that is held in its original position by a locking device. When the model is unlocked under the
action of the load m it is accelerated in a section corresponding to the drop height /4, of the load followed by
a run-out to the length /.

Potential energy m, - of the load m gets spent on:

a) overcoming the forces of resistance to movement on the section /4 ;

b) acceleration of the model to speed v;

c) acceleration of the load to speed v;

d) losses in the blocks.

my-hyen, =F-h+E +E> (1)

where 7, is the block system efficiency, 7,=0.98;

F is the rolling resistance force;

E s the kinetic energy of the model;

E, is the kinetic energy of the load.

As the load stops, its energy is spent on impact, and the model moves further due to the kinetic energy it
has acquired.

Taking into account that at equal speeds the energy is proportional to the masses, we get
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By _my )

where m_is the mass of the model.

At the moment the load touches m, the base surface, the kinetic energy of the load — model system, on
the one hand, is equal to the sum of the kinetic energy of the model and the load, and on the other hand, the
difference between the potential energy of the load and the work spent on overcoming the rolling resistance
of the model in the section 7,

E=E, +E; 3)
E=my-h-n,—F-h- )
From equations (2) and (3) we infer
E = E.L. 4)
m, +m,
By putting £ from equation (4) in equation (5) we obtain
m

Em:(ml'hl'nb_Ff'hl)'—m' ©)

m +m,,

The kinetic energy of the model is spent on overcoming the rolling resistance forces of the model # P in the
run-out section /

E =F-I. 7

By putting £ from equation (7) in equation (6) we obtain

Fi-l =(m1 e, — }H)L
m, +m_
Therefore
o+ ——"]
In this formlﬁlé‘; the value m, -7, corresponds to the pulling force F. Replacing the ratio M My with

m

m

k, where k is the run-out coefficient, we obtain the formula which is convenient for experimental calculations
Ff:ml'hl'nb, 9)
h+k-1
The value F, represents the average rolling resistance of the model.
The speed at the end of the acceleration can be determined from the equality of the energy acquired by the
model during the acceleration period and its consumption for run-out

Fol= m, - V2
2g
therefore

be /2g-Ff-l. (10)
m

Calculation formula (10) is valid at constant force F' r With variable force, the results obtained are sufficient
for comparative experiments.

The purity of the experiments is achieved by conducting experiments on soil with uniform physical and
mechanical properties in its depth.

Results and discussion. The study was carried out on a universal non-self-propelled model of the
undercarriage system of a tracked vehicle with an elastic balanced suspension. The longitudinal base of the
model is 380 mm. The experiments were carried out on sand, wet loam and flat concrete.

The main characteristics of soils:

a) sand — volume weight 16 kN/m?, humidity 5%, density 1.6 g/m?, structural composition: 2.0 mm sized
particles 4%; 1.0 mm sized particles 6%; 0.5 mm sized particles 17%; 0.25 mm sized particles 73%.

b) loam — volume weight 20 kN/m?, humidity 15%, density 1.5 g/m®. Loam is clay with a significant
admixture of sand and dust particles. Structural composition: clay 15%, sand 35%, dust particles 50%.

¢) concrete track — straight platform without any slope. During the experiments, cement concrete with a
density of 2.0 g/m* was used.

In order to determine the effect of the mass of the vehicle on its traction and drag properties, models with
weights of 48 kg, 64 kg and 80 kg were made, which, in terms of a natural vehicles corresponds to weights

b
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of 30 kN, 40 kN and 50 kN. In addition, each model was loaded with ballast weights, thereby providing
intermediate values of the model mass.

The change in the mass of the model was carried out with constant parameters of the undercarriage system,
therefore, it was accompanied by a corresponding change in the specific pressure.

Experimental data on the effect of the mass of the vehicle on its traction and drag properties have shown
that, with constant parameters of the undercarriage system, each type of soil has its own certain value of the
optimal mass.

The analysis of the research results shown in Figure 2 demonstrated that on a concrete slab the rolling
resistance coefficient is almost constant and slightly increases only with a minimum weight of the vehicle.
This is due to an increase in losses in the tracked propulsive device, which depend little on the mass.

On sand, rolling resistance decreases as the mass of the tractive and transportation vehicle increases. This
is due to the fact that the bulk of the resistance is made up of forces that are little dependent on mass. On sand,
these are the friction forces in the details of the tracked propulsive device.

f
04
T —_—
03
02 ~—_ —+—+—+— —wet loam;
01 e —— —sand;
g Ik oL A R A U R BT T — flat concrete slab
0 30 40 50 m kN

Figure 2 — The dependence of the rolling resistance on the mass of the vehicle.

On wet loam, the rolling resistance coefficient decreases smoothly, in proportion to the increase in the
weight of the vehicle. This is due to the fact that the loss due to pressing of the support base depends little on
the mass.

Also, studies were carried out on the effect of the mass of the vehicle on the rolling resistance at various
values of the speed of movement, which showed that with an increase in the speed of movement, the nature
of the dependence of the coefficient of rolling resistance on the weight of the machine practically does not
change.

On cohesive soil, wet loam in particular, the adhesion coefficient increases with a decrease in mass
according to a law close to hyperbolic, which corresponds to the presence of a component of the adhesion
force that does not depend on the mass

»
0’8 —_— e — ——— e
06

~a. -
04
——— —-—+—-— —wet loam;

02 ——— —sand;

o — flat concrete slab

0 30 40 50 m&N

Figure 3 — The dependence of the coefficient of adhesion on the mass of the vehicle.

Studies have been carried out on the effect of the mass of the vehicle on the coefficient of adhesion at
different values of the coefficient of slipping, which showed that with an increase in the mass of the vehicle,
the value of the coefficient of adhesion decreases. At the same time, the mass of the tractive and transportation
vehicle does not affect the slipping.

From the graph shown in Figure 4, it can be seen that on sand, the efficiency of the undercarriage system
decreases with an increase in the mass of the vehicle, which is explained by an increase in power losses for
soil deformation due to an increase in pressure on it.

On a flat concrete surface, the efficiency of the undercarriage increases with increasing mass of the vehicle.
This is due to the fact that soil deformation losses are small.
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On wet loam, the highest efficiency of the undercarriage occurs with a machine weight of 40 kN. A
decrease in mass leads to a decrease in efficiency due to an increase in the rolling resistance coefficient,
and an increase in mass reduces efficiency due to an increase in rolling resistance and slipping due to soil
deformation.

n
e t—————
08 :"
l-_._______‘__.-_1
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h—T “'\-\:\‘"\,
04 F
™~ —+—+—+— —wet loam;
02 ————— —sand;
—————— — flat concrete slab;
0 30 40 50 miN

Figure 4 — Dependence of the efficiency of the undercarriage system on the mass of the vehicle.

Conclusions. The considered experimental results showed that each type of soil corresponds to its own
value of the optimal weight of the machine. In this regard, it is rational to set the mass of the tractive and
transportation vehicle according to those soil conditions that require its minimum value, and to load the
vehicle with additional ballast weight on other soils.
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MAWJIAJIBI KA3BAJIAP KEH OPBIHIAPBIH UTEPYTE APHAJIFAH TAY-KEH
MAIIUHACBHIHBIH AU JAJIAHYJTY KACUETTEPIH 3EPTTEY

AHHoTanus. [eonorusuIblk 6apiay >KYMBICTapBIH XKYPri3y YIIIH SPTYPl TEXHUKAIBIK CHIIATTaMasapbl
0ap opTYpii THUHOTETri KoHE KYPBUIBIMAFHI Tay-KeH MaIllMHAJIaphl jkacaiusl. Tay-keH eHIIpici caimacklHaa
YKYMBIC ICTEHTIH Tay-KeH JKoHe KOJIIK MalllHaIaphl MapKi YHeMi ecir kenesi. Anaiina, eHOeK OHIMIUTITIH Te3
apTTHIPY YIIIH MapKTBIH CaHJBIK ©CYi KETKLTIKCi3. O3/epiHiH TeXHUKAIBIK-OKOHOMUKAIBIK KOPCETKIITepi
OOHMBIHIIIA TEXHUKAHBIH Y3MIK OTAHIBIK JKOHE IIETEINIK YITUIepiHeH achlll TYCETIH MYyJe XaHa eHOek
KypaJIIapblH jKacay JKOHE eHTi3y eceOiHeH camajbl e3repicTep KaKeT.

Tay-keH MamIMHANApBIHBIH Kas3ipri 3aMaHFbl JaMybl OJApAbIH KyaTTBUIBIFBIHBIH, TapTy-ycTacy
KacHeTTepiHIH, OTKIIITITiHIH, CEHIMUTITiHIH apTYBIMEH jkKoHE 0acKallapbIMEeH cuTiarTaiaabl. MammnHamapabH
JaMYBIHBIH KOPCETUINeH TeHICHIMSIIapbIH MalllMHAIAP/IBIH JKaHa YITUIEpiH jkacay HeMece MalliHAIAPIbIH
’KeKe TYHIHAepl MEH arperarTapblHbIH KOJIAHBICTaFbl KYPBIIBICTAPBIH KaHAPTY apKbUIBI IIENTyTre 00 Ibl.
HIprrkplp TabaHABI MalIMHANAPABI JKAHFBIPTY KyaT KOHABIPFBICHIHBIH SHEPTHSMEH KaHBIKTBUIBIFBIH
apTTBIPY apKBLIBI XKYy3ere achIpbliabl. JKypic OMiriHiH KYPBUIBICBIH alTapibIKTald KEeTUIAIpyci3 Tay-KeH
MalIMHACHIHBIH MAaCCACHIHBIH YIIFAIOBbIHA OKeJIel. byl MarimHa KO3FanTKBIIITapPBIHEIH TOIBIPHIKKA KAPKBIH/IBI
acep eTyiHe, OHBIH KYPBUIBIMBIHBIH OY3bUTYBIHA OKETIE/I].

CoHZIBIKTaH KO3FAITKBIIITHIH TipeK OSTIMEH e3apa dpeKeTTeCyiH CHIATTAHThIH MaIlnHAJIapIbIH KYpic
KYHenepiHiH KopCeTKIMTepiH )kaKcapTy KakeT. O YIITIiH MalinHaHBIH KYPBUTBIMIIBIK TTapaMeTpIIepiHiH OHBIH
nalanany camacklHa 9CEpiH 3epTTey KakeT. TapTy-KeiK MallMHACBIHBIH KYPBUIBIMIBIK MapaMeTplepiHin
OHBIH TalJajlany carachblHa dCEpPiH SKCIIEPUMEHTTIK 3ePTTEY peCypCTapblH, YaKbIT eH KapaskaTThIH YIKESH
IIBIFBIHIAPBIH TAJIAIl eTEe.
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OKCIIEPUMEHTTIK 3epTTEyIep KYPrizyre ®oHe JIEPEeKTep alyFa apHallFaH MaTepHANIBIK, YaKbITTHIK )KOHE
PECYPCTHIK HIBIFBIHIAP/IBI 32Ty MaKCAThIH 12 KO3FAJITKBIIITHIH TOMBIPAKIICH ©3apa SPEKETiH MAaTEMaTUKAIIBIK
MOJISJNIBJICY YIIIH (PU3UKAIBIK MOACIBACY 9ICTEPI KOJIJaHbUIAIbI.

Monenpaepaeri ChIHAYIBI KYPri3y HaKThl MallIMHATIAPIAFEl CHUSKTHI, KO3FAITKBIIITAPABIH TipeK OeTiMEH
OPEKETTEeCYi CHSIKTHI Kypeii TPOIEeCTepdiH camlaybl XKaFblH aHBIKTayFa MYMKIHIIK Oepemi. Momenbae
Oipkarap >KaJmbl 3aHJBUIBIKTApIbI HAKTHl MalllMHAaFa KaparaH[a KaTaH TYpAe OopHaryra Oonajibl, OUTKeHi
Ke37eHcOK (hakTopiapAbIH 9CEepiH KO OHANBIPaK.

XKyprizinren 3epTTeynepAiH HOTHKeNepi Tay-KeH MallHMHAJIapBIHBIH JKYPIC JKYHelepiH jkacay >KoHe
naianany Ke3iHje yakpIT TIeH MaTepHaAbIK Kypalaap MbIFbIHIAPBIH KICKApTyFa MYMKIH/IIK Oepei.

Tyiiinai ce3mep: Tay-KeH MalIMHANIAp, MAIamsl Kaz0agap KeH OPBIHIAPHI, KYpIC KyHeci, (hU3UKaTBIK
MOJIETBCY, TPYHT, Taiijalany KacueTTepi, MalTnHa Kypic OeiriHiH MO, TapTy-YCTacy KaCHeTTepi.
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UCCJIEJOBAHUE KCILTYATAIIUOHHBIX KAYECTB TOPHOI MAIIIUHBI 115
PASPABOTKH MECTOPOXJIEHHUI IOJIE3HBIX HCKOAEMBIX

AnHoTaums. [IJ1st IpoBEIEHUS T€OIOTOPA3BEIOYHBIX padOT CO3/IaHbI TOPHBIC MAIIMHEI Pa3HBIX THIIOB U
KOHCTPYKLUN € pa3iIu4HbIMU TEXHUUYECKUMH XapaKTepUCTHUKaMU. [[apk rOpHBIX W TPaHCHOPTHBIX MAILKH,
3aHATHIX B c()epe TOPHOTO TMPOU3BOACTBA, MOCTOSHHO pacteT. OJHAKO TOJIBKO KOJUYECTBEHHOTO pPOCTa
napKa HeJJOCTaTOYHO ISl OBICTPOTO MOBBIIIIEHUS] TPOU3BOIUTEILHOCTH Tpyna. HeoOXonuMbl KadyeCTBEHHBIE
HW3MEHEHHMS 3a CUET CO3JAaHUS M BHEAPEHUS MPUHLMIHNAIBLHO HOBBIX CPEACTB TPYHAA, MPEBOCXOMALIMX IO
CBOUM TCXHUKO-3KOHOMUYCCKUM I10OKA3aATCIAM JIYUIINEC OTCUCCTBCHHBIC U 33py6€)KHI)IC 06pa3u1)1 TCXHUKU.

COBpeMeHHOG Pa3BUTUC TOPHBIX MAIINH XapaKTCPUIYETCA IMMOBBINICHUEM UX MOITHOCTH, TATOBO-CHEITHBIX
KAa4eCTB, MPOXOAUMOCTH, MOBBIIIEHUEM HAJEKHOCTH U IPYTrUMH. YKa3aHHbIC TEHJICHLUNUN Pa3BUTUSl MALLUH
MOTYT OBITH pEIIeHBI ITyTeM CO3/IaHUS HOBBIX OOpa3IOB MAIIWH WM MOICPHU3AIUHN CYIIECTBYIOIINX
KOHCTPYKLUUN OTHENbHBIX y3JIOB U arperaroB MamlvH. MoaepHu3alus I'YCEeHUYHBIX MAlllUH UAET 33 CUeT
YBCJIMYCHUSA SHCPrOHACBIIICHHOCTHU CHUJIOBOM YCTAaHOBKH, YTO HNPHUBOAUT K YBCIMYCHUIO MACChI FOpHOfI
MallluHbI, 0€3 CYIIECTBEHHBIX YCOBEPIICHCTBOBAHUH KOHCTPYKIIMM XOJOBOW CHUCTEMBI. DTO TPHUBOAUT K
0oriee MHTEHCHBHOMY BO3JICHCTBHIO IBHIKUTEIICH MAIIMH Ha TPYHT, K Pa3pyIICHUIO €€ CTPYKTYPHI.

[Toatomy TpebyeTcst yaydInTh MOKa3aTe paboOThl XOJOBBIX CHCTEM MAIIWH, KOTOPhIE XapaKTepPU3YIOT
B3aMIMOJICHCTBUE JBMXKHUTENSI C OMOPHBIM OCHOBaHHMEM. /{11 ATOro HEOOXOIMMO MPOBECTH UCCIIEIOBaHHE
BJIMSIHUSL KOHCTPYKTUMBHBIX TapaMETPOB MallMHbI HA €r0 AKCIUTyaTalluOHHBIE KaueCTBA.

9KCHepI/IM€HTaJII)HI)IC HCCIICA0OBaHUS BJIIMAHUA KOHCTPYKTHBHBIX IapaMETpPOB FOpHOﬁ MallWuHBI Ha €€
IKCITyaTallMOHHbBIE KaueCcTBa TPEOYIOT OOJIBIINX 3aTPaT PECypcoB, BPEMEHH U CPEJICTB.

C 11enp10 CHIDKEHHSI MaTepPHAIbHBIX, BDEMEHHBIX M PECYPCHBIX 3aTpar Ha TPOBE/ICHNE SKCIIEPUMEHTAIbHBIX
HCCIIENOBAaHUHN U MOIYYEHUS JAHHBIX JJI1 MATEMAaTHYECKOTO MOJIEIUPOBAHUS B3aUMOJCHCTBUS ABUKUTEIS C
TPYHTOM UCHOJIB3YIOTCS METO/BI (PH3UIECKOTO MOJIEIIMPOBAHUSI.

HcnpiTanue Ha MOIENAX MO3BOJISIOT TaK K€, KaK M Ha PEaJIbHbIX MAIIMHAX, BBISIBUTH Kau€CTBEHHYIO
CTOPOHY JIa)K€ CTOJIb CJIOXKHBIX MPOLIECCOB, KAK B3aUMOJIEHCTBUE ABUKUTENIEH C ONMOPHOM MOBEPXHOCTHIO.
Psix 061mmx 3akoHOMEpHOCTENH MOYKET OBITh YCTAHOBJIEH Ha MOZIETH O0Jiee CTPOro, 4eM Ha peaibHOM MalnHe,
MTOCKOJIBKY 37IECH MPOIIE UCKITIOUNTH BIMSHUE CITydailHBIX (DaKTOPOB.

PesynbraThl NpoOBENEHHBIX HCCIEAOBAHUNA IMO3BOJSIOT COKPATUTh 3aTPaThl BPEMEHU U MATEPHUAIbHBIX
CPEACTB IIPU CO3JaHUU U JKCIUTyaTallMy XOAOBBIX CUCTEM FOPHBIX MAIIUH.

KuioueBble c¢JioBa: TopHbIC MAIIMHBI, MECTOPOKACHUS TOJE3HBIX HCKOMAEMBIX, XOJOBas CHUCTEMA,
(¢u3nYecKoe MOJCIIMPOBAHUE, TPYHT, DKCIUTyaTal[MOHHBIC CBOMCTBA, MOJENb XOJOBOM YaCTH MAIlWHBI,
TSTOBO-CIEMHBIE KaYeCTRA.
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