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DETERMINATION OF GRAVITY COAL SHOOT
GEOMETRICS FOR A COAL MINE

This article presents the results of scientific research carried out by the authors in
the field of transportation technology in industrial transport. The application of a
gravity coal intake device designed to lower coal from the upper horizon to the
averaging warehouse of the lower horizon of a coal mine is considered. The velocities
of the uniform movement of the load along the gravitational angle are determined
depending on the angle of inclination. The numerical integration algorithm is
implemented in the software environment of the Scilab application program. The
results of calculating the speed of movement from the current value of the descent
depth, for the required descent depth of 40 meters and for placement options in various
sections of the section at the angles of inclination of the acceleration sections of 30, 40
and 45 degrees are presented. The main geometric parameters of the gravitational coal
intake device for a coal mine are determined from the condition of limiting the speeds
of coal movement. The design of the gravitational coal intake must be performed based
on the condition at the beginning of accelerated movement, then movement at a steady
speed and then slow motion to the required speed of coal exit from the coal intake at
the required speed of 2 m/sec. The presented research results allowed us to determine
the main parameters of the gravitational device (coal intake) proposed for use in the
cyclic flow scheme of the «Molodezhny» coal mine of «Kazakhmys Corporation» LLP.

Keywords: coal mine, cyclic flow technology, coal transportation, gravity device,
coal intake.

Introduction

The scheme of cyclic-flow technology developed for the conditions of the «Molodezhny»
coal mine of the «Kazakhmys» Corporation (Kazakhstan, Karaganda region) provides for the
use of a gravitational device - a coal discharge, designed to lower coal from the upper horizon
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to the homogenization warehouse of the lower horizon. Next, the coal is transported through a
conveyor system of three belt conveyors to the processing plant [1; 2].

Materials and methods

To design a gravitational device, it is necessary to determine its geometric parameters. To reduce
the cost of constructing a coal dump, it is most rational to provide an angle of inclination equal to the
angle of the natural edge of the open-pit mine, because when the installation angle is greater than the
angle of repose, capital mining work is required, and when the installation angle is less than the angle
of repose, both the length of the coal outlet itself and the supporting structures increase. At the same
time, at significant installation angles, the coal flow velocity can exceed the permissible values — the
maximum is 4 m/sec, limited by the conditions of possible excessive grinding of coal and the
maximum at the coal exit from the gravity device - 2 m/sec, according to safety conditions [3: 4; 5].

Thus, it is necessary to determine the dependence of the speed of movement of coal along the
gravitational device on the current value of the depth of the lowered coal.

The differential equation for the movement of cargo along a gravitational device has the form

mg%=mgsina—gcosa-wg (1)

where a — is the angle of inclination of the coal outlet;

wgy — coefficient of resistance of the gutter [2];

wg=fs (1+m7) @)

where fg — coefficient of friction of the transported load on the walls of the gutter;
B — gutter width;
n; — lateral pressure coefficient;

Kc
ng = =2t 3)

where k. — an empirical coefficient taken equal to 1 for stationary devices;
V — CKOpPOCTbh I'py3a;
f — the coefficient of internal friction of the load; for coal f = 0,51 — 1,0 we take
f =0,75[2].
Substitute (2) and (3) into (1), we get
dv . (1,2+v) h

Ezsma—fB [1+T2f2 E]-cosa 4)

Obviously, with acceleration % = 0, the load will move at a uniform speed. Substituting

% = 0, in (4) we determine the value of the speed of steady-state (non-accelerated) motion
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. _ 1.2cosav h fpcosav h
Slna—fBC05a+fB'(1+—2f2)'E+ 277 .E (5)

Divide both sides of (5) by cos a, we get

_ 12/p b _fpv_ h
tga = fp + (1+2f2) B ' (1+2f2) B (6)
2
We multiply both sides of (6) by % we get
‘J B
2 2
tga(1+2f2)B _ (1+2f?)B 1124y )

hfg h

Where

_ tga(1+2f?)B _ (1+2f?)B _
v= hfg h

1.2 (8)

Let us determine the limits of change in the parameters that determine the speed of steady
motion in formula (8).
The productivity of coal discharge can be determined by the formula [6, 7].

Q=3600-F-v-p )

where p — the bulk density of the cargo, let’s take 0,8 1/m* for the angle [1];
F — cross-sectional area of the coal outlet.

Operating with the average height of the load thickness h, we can write
F=B-h (10)
where B — coal outlet width.

Considering that uncrushed rock mass is subject to transportation, we accept
B = apqx + 200 (11)

where a4, = 1200 MM — the maximum size of a piece of uncrushed rock mass, i.e.
B =14nm.

Then
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_F_ Q
h= B~ v-p-B-3600 (12)
where v — speed of cargo movement along the coal outlet.
Substituting (12) into (8) we get
— 2Y].Bvop-B-
v = [tga fB(1+2fQ)] B-vp-B-3600 1.2f; 1)
Where
_ 1.2fpQ
V = 3600ltga-rs(1+22)1B2p—Q (14)
or
_ 12fpQ 1
T 3600 [tga—fp(142f2)]|B2-p——2 (15)

3600

Let us set the following values of the parameters included in formula (15): Q = 1000 +

2000 t/h in increments of 500 t/h; & = 160 + 400 with steps
0,5; fg = 0,5 + 0,8 in increments of 0,1.
Results and discussion

onO; f = 0,30 = 0,85 with step

To calculate the speed values using formula (15), an algorithm was compiled, implemented

in the Scilab software environment [8]. The calculation results for fz = 0,3 and Q = 1500

t/hour are presented in Figure 1.

As can be seen from the graph, the maximum speeds of steady-state movement do not

exceed the speed limit of 4 m/sec.

_ 4
CkopocTb, Mm/c

| 3

KoadhdumumeHT BHyTpeHHero TpeHns

Figure 1 — Speeds of uniform movement of cargo along the coal discharge
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Figure 3 — Dependence of the speed of movement of coal on the depth of descent

The geometric dimensions of the coal outlet for installation at various slope angles of the
pit sides are presented in Table 1.

Table 1 — Geometric dimensions of coal outlet

Angle of repose of the Acceleration section Parameters of the braking
quarry side, degrees parameters section
angle, degree depth, m angle, degree depth, m
30 30 37 28 3
35 35 31.5 28 8.5
40 40 22.7 28 17.3
Conclusions

To transport almost the entire range of bulk cargo, a device that operates using gravitational
forces is used. These transport elements are called gravity devices.

Massive use of gravity devices occurs when unloading various containers, silos, and
bunkers. Gravity devices are primarily intended to ensure uniform and uninterrupted supply of
piece and bulk cargo from the place of unloading of the bunker and similar equipment to the
next place of use in accordance with the technological chain [9; 10].

The Kazakhmys Corporation uses gravitational devices — a coal chute, designed to lower
coal from the upper horizon to the leveling warehouse of the lower horizon.

Research aimed at determining the main parameters of the gravitational device (coal
discharge) used in the cyclic-flow scheme of the «Molodezhny» coal mine of «Kazakhmys»
Corporation LLP is relevant and is of paramount importance. Such work needs to be accelerated
in the future.
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10.03.24 k. 6acmara TYCTI.
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11.03.24 k. 6acein mbFapyra KaObUIIaHIbI.

KOMIP PA3PE3IHIH I'PABUTALUAJIBIK KOMIP HIBIFAPY IBIH
I'EOMETPUSAJIBIK TAPAMETPJIEPIH AHBIKTAY

byn  maxanaoa omeprocinmix  Kejnikmezi mMacviMaioay MmexHoJI02UsACHl
canacvlnoazvl aemMopnapobly 2blIbIMU-3ePMMmey HCYMbICMAPbINbIY HOMuUdcenepl
bepineen. Komipoi dicozapabl 20pu30OHmMmMAaHn KOMIpP WAXMACHIHbIY MOMeH]
20PU3OHMBIHBIY 20MO2EHU3AYUSL KOUMACLIHA MYCipyee apHalean epasumayusislk
KOMIp azbl3y Kypbli2blCblH NAOALAH) Kapacmulpuliaowvl. ZKykmiy epasumayusansik
KOMIp  WYHKbIPbL  O0lbiMeH OIPKenKi KO032a1y JHCbLIOAMObIKMAPLL  Kobey
oypvibina oaiianvicmol anvikmanaovt. Canovly unmezpayus ancopummi Scilab
KON0aHOabl 6a20apiamanvl Hcacakmama OpmacblHOA XHcy3e2e dAcblpbliaobi.
AevimOazbr mycy mepeHOiciHiH MOHIHEH KO032albliC JHCbLIOAMObI2bIH ecenmey
Homudcenepi, Kaxcemmi mycy mepeHoici ywin 40 memp owcone opmypli Kecy
yuackenepinoe 30, 40 owcone 45 epadyc yoey yuackenepiniy Kenbey
OypulUimMapblHOa  OpHANACMbIPY  HYcKaaapul ycolHvlazan. Kewmipoiy koszeany
HCHLNOAMOBISbIH UWIEKMEY HCA20AtbIHOA KOMID WAXMAChl YWiIH 2pasumayusibly
KOMIp azbl3y KYpbllIeblCblHbIY He2li32l 2e0MempUusiiblK napamempJiepi aHblKmManobl.
I'pasumayusaneix ~ KOMip  WYHKbIDbIHBIY — KOHCIMPYKYUACHL  dHceOesoemineet
K032ablCMblH 0acblHOAzbl Hcaz0aliad, COOaH KeliiH OipKanibinmol HCobli0AMObIKNEH
Ko3eanyed, co0an KeuiH KOMIPOIH Kadcemmi HCobli0amovlablHa 2 M/C Kadxcemmi
HCHINOAMOBIKNEH KOMID UWIYHKbIDLIHAH Wbl2amblH 0asy KO032alblCKA He2i30enyi
Kepek. ¥cuvinvinean zepmmey nomudicenepi «Kazaxmvic Kopnopayuscery KIIC
«Monoodexcnvlily KoMip KeHIWiHIK YUKIOIK-a2blHObl Cbl30aCblHOA Natoanianyed
YCUIHBII2AH — 2PABUMAYUATILIK — KYPBLI2bIHLIY, — (KOMID  pa3psobiHbly) — He2is2l
napamempiepin aHblKmayaa MymKiHOIiK 6epoi.

Kinmmi ce30ep: xomip Keuiwi, YUuKIOIK-AeblHObIK MEXHON02US, KOMID
macviManoay, epasumayusiiblk Kypolizsl, KOMIp mycipy.

O. T. Banabaeg', A. B. Poxckoé!, K. K. Abuwes®”,

A. JI. Cyneiimenoé’, H. H. /Tiooumos’

'KaparauuHCKU TEXHUYECKMH YHUBEPCUTET UMEHN AGbuikaca CaruHoBa,
PecniyOnuka Kasaxcran, r. Kaparanna;

’Topaiireipos Yuusepcurer, Pecry6iuka Kazaxcran, r. [TaBnosaap;
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ONPEAEJEHUE T’EOMETPUYECKUX ITAPAMETPOB
I'PABUTAIIMOHHOT O YIVIECITYCKA YI'OJIBHOI'O PA3PE3A

B O0annoii cmamve npedcmagieHvl pe3yibmamol HaAYYHO- UCCLE008AMENbCKUX
pabom, BbINOIHEHHBIX AGMOPAMU 6 O00NACMU MEXHON02UU NEePeBO30K Ha
npoMblULIeHHOM — mpancnopme.  Paccmompeno — npumenenue  ycmpoiicmea
2pasUMAYUOHHO20 Y2NeCnyCcKd, NPeOHASHAYEeHHO20 O/l CNYCKA Yelsl C 6epXHe20
20pU30HMA HA YCPEOHUMENbHBIU CKIAO HUMCHE20 20PU30OHMA Y20bHO20 pa3pe3d.
Onpeoenenvl cCKOpOCMU PABHOMEPHO2O OBUNCEHUS 2PY3d NO 2PABUMAYUOHHOMY
Venecnycky 6 3a8UCUMOCmU Om Yyeld HAKIOHA. Aleopumm — YucieHHO20
UHMEeZPUPOBAHUsL Peanu308aH 6 NPOSPAMMHOU cpede NPUKIAOHOU HPOCPAMMbl
Scilab. IIpeocmasnenvl pe3yibmamol paciema CKOpOCmu OBUHCEHUSL O MEKYUe20
3HaueHus 2nyOuHvl cnycka, oas mpedyemou enyounvt cnycka 40 mempog u 0.
8apPUAHMOB8 PA3MeWeHUs] HA PA3IUYHBIX Y4ACMKAX paspe3a noo yeramu HAKIOHA
yuacmkosg paszeona 30, 40 u 45 epad. Onpeoenenvi 0CHOBHbIE 2eoMempuiecKue
napamempusl YCMpoucmea cpasumayuoHHo20 y21ecnycka OJisl Y20J1bHO20 paspes3d
us  ycnoeusi 02pamuyeHusi ckopocmeu  osudicenus  yens.  Koncmpyrkyus
2PABUMAYUOHHO20 Y2IeCnYCKA OOJHCHA OblMb BbINOJIHEHA UCX00s U3 YCA08US 8
Hauane YCKOPEeHHO20 OBUNCEHUS, 3ameM OBUINCEHUS C YCMAHOBUBULENICSI CKOPOCTbIO
U 3amem 3aMeO0NeHHO20 OBUMNCEHUSI 00 MpeOyeMoli CKOpOCmU 8blX00a Veis U3
yenecnycka ¢ mpebyemotl ckopocmvlo 2 m/cex. Ilpueedennvie pe3ynrbmamol
uccnedosanuil, NO360IUNU ONPeoeums OCHOBHbIE NAPAMEMPbl 2PABUMAYUOHHO20
ycmpoucmea  (yenecnycka) npeonodHceHH020 Ol NPUMEHEHUsl 8 YUKIUYHO-
NOMOYHOU cxeme YeonvHo2o paspe3a «Monooexcnvitiy TOO «Kopnopayus
Kaszaxmvicy.

Kniouegvie cnosa: yeonvulii paspes, YUKIUYHO-NOMOYHASL MEXHONO2US,
nepesosKa yais, 2pasumayuoHHoe YCmpoucmeo, yeiecnyck.
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