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Abstract. Over the past 20 years, the parameters of the working zone of deep quarries have changed, which began
to consist of sections of inclined and steep sides. At a number of deep iron ore quarries, temporary internal dumps of
overburden rocks began to be created in the working area, which influences the choice of schemes for opening deep
horizons in cyclic-flow technology (CFT).

The purpose of the study is to substantiate promising directions for the development of CFT in deep iron ore
quarries, taking into account the structure of their working area and the use of steeply inclined conveyors (SIC).

It is shown that with certain parameters of a large piece transported by the conveyor belt, contained in the
transported rock mass, and its certain kinetic energy, stable operation of the system, widely used steeply inclined and
inclined conveyors, is achieved.

The parameters of a steeply inclined conveyor when transporting rocks with a high density were determined. It is
assumed that with the same kinetic energy of a piece (ore, rock) contained in the transported rock mass, stable
operation of a steeply inclined conveyor will be ensured.

Based on this, the parameters of the transported piece and the parameters of the steeply inclined conveyor are
determined. According to the maximum size of the pieces that come after crushing in a cone crusher for coarse crushing
on a steeply inclined conveyor, its stable operation is ensured at a density of transported rocks of not more than 2.8 t/m3.
The economical use of SIC is achieved by combining the cyclic-flow technology with SIC and with the technology of pre-
enrichment of ore in a quarry. For these conditions, the use of cyclic-flow technology with steeply inclined and inclined
conveyors is justified.

The structure of the working zone of a deep quarry with gentle and steep sides is considered. For these conditions,
rational schemes for the opening of horizons with steep sides of the open pit and the use of temporary internal dumps
was developed.

The depth of the quarry, at which it is necessary to introduce a new opening scheme, was established. It is shown
that the time of transition to the next opening scheme is significantly affected by the productivity of the quarry and the
rate of decrease in mining operations.

Keywords: working area of a quarry, steeply inclined conveyor, cyclic flow technology, piece size, conveyor speed

Introduction. Since 2000, the technology of ore mining at deep levels of quarries
has changed significantly, as well as their parameters in the working area, the slope

angles of the sides in the area of railway transport operation when it is used with
increased slopes.
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In a number of quarries, steeply inclined conveyors (SIC) in cycle-flow
technology (CFT) schemes have begun to be used.

Horizons are mined in steep layers with the movement of mining operations along
the front in waves. Therefore, the previously used schemes for opening the horizons
of deep iron ore quarries to not correspond to the changed conditions. In addition, the
use of steeply inclined conveyors for the conditions of deep iron ore quarries and the
transportation of high-density ores is requires the justification of the stable operation
of the steeply inclined conveyor, the maximum size of a piece in the transported rock
mass.

In this regard, the purpose of the study is to substantiate the promising trends for
the development of CFT in deep iron ore open pits, taking into account the structure
of their working zone and the use of SIC.

Results.

1. Parameters of the steeply inclined conveyor. With definite parameters of the
large piece transported by the conveyor belt, contained in the transported rock mass,
and its definite kinetic energy, stable operation of the system of widely used inclined
conveyors is achieved. It is assumed that with the same kinetic energy of a piece (ore,
rock) contained in the transported rock mass, stable operation of a steeply inclined
conveyor will also be ensured. Based on this, the parameters of the transported piece
and the parameters of the steeply inclined conveyor are determined. According to the
maximum size of the pieces that come after crushing in a cone crusher for coarse
crushing on a steeply inclined conveyor, its stable operation is ensured at a density of
transported rocks of not more than 2.8 t/m?.

Let's assume that a large piece of rock with a strength of up to 18 on the
Protodyakonov scale is located on the belt of a steeply inclined conveyor (Fig. 1).
Due to the use of a conveyor with a deep concave belt in the lifting section, a piece of
rock cannot roll down the belt, as it will be clamped in the conveyor belt. In addition,
this will be prevented by the rock on the belt, which was submerged earlier. When
moving the conveyor belt at a definite speed, forces from the kinetic energy of the
piece will act. They will manifest themselves as follows:

I) the impact of a piece of rock (1) on the conveyor belt;

IT) the impact of a piece of rock through the conveyor belt on the roller support
(2);

[IT) the impact of a piece of rock through the tape, the roller bearing on the
bearing of the roller bearing (3);

IV) the impact of a large piece of rock on the belt, then the idler, then the bearing
and the impact of the bearing on the idler rod (4);

V) impact of the roller support rod on the conveyor line (5).

It is necessary to establish at what maximum size of a piece of ore, its density, the
speed of the conveyor belt, the angle of inclination of the belt conveyor, the system
will work stably within the established standards.

At all quarries in Krivbass, conveyors with the following parameters are used in
the schemes of cyclic-flow technology: conveyor belt speed v = 3.15 m/s; the
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maximum size of a piece of rock transported by the conveyor / =350 mm; conveyor
inclination angle o =16 °.

Figure 1 - Forces acting on the system when transporting a large piece of rock

Under these parameters, rock conveyors operate stably. Let us assume such a
situation that steeply inclined conveyors with the same piece energy as with gently
inclined conveyors will work stably. Then

| = °|E,,/0,06 - v2cosa

where E,, — 1s the energy of the maximum piece of rock transported by an inclined
conveyor.

In the work [1] the dependence of the speed of the conveyor belt of an inclined
conveyor on the maximum size of a piece in the transported rock mass is shows, and
also it in Fig. 2 as curve 1 is shown. Based on the above studies and the article [1],
the dependence for a steeply inclined conveyor (SIC) on the maximum size of a piece
in the transported rock mass at its density in the pillar is 3.7 t/m® was determine and
in Fig. 2 as curve 2 [2] it is shown.

V., m/ct
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1 - inclined conveyor (according to [1]) and 2 - steeply inclined conveyor (SIC)

Figure 2 - The dependence of the speed of the conveyor belt from the maximum size of a piece in
the transported rock mass at its density in the pillar of 3.7 t/m?



92  ISSN 1607-4556 (Print), ISSN 2309-6004 (Online) I'eorexniuna Mexanika. 2021. Ne 159

Thus, for stable operation of a steeply inclined conveyor at a rock density of 3.0 -
3.7 t/m3, the speed of the conveyor belt should be no more than 2.5 -1.5 m/s, and the
maximum size of a piece in the transported ore should not exceed 200 mm. From this
it follows that the second stage of crushing is necessary for the iron ores of Krivyy
Rig and the use of SIC. In this case, it is necessary to lengthen the conveyor and
relocate the transfer unit.

2. Opening horizons with cyclic-flow technology and the use of inclined and
steeply inclined conveyors.

The working area of a deep quarry consists of gently sloping and steeply sloping
sides. On the side of the quarry, in areas with a side slope of 10—18°, it is effective to
use inclined conveyors, and in areas with a side slope of 30-36°- steeply inclined
ones (Fig. 3).

1 - inclined conveyor, 2 - steeply inclined conveyor, 3 - crushing and transfer station in a
quarry, 4 - transfer point on the surface

Figure 3 - Application of cyclic-flow technology in a deep quarry with using an inclined
conveyor at the upper levels and a steeply inclined one at the lower ones

The complexity of the functioning of such a complex lies in the regulation of its
parameters to ensure a given performance. After crushing the ore in the first and
second stages of crushing, the maximum size of a piece in the rock mass entering the
steeply inclined conveyor will be 175-200 mm. Therefore, an inclined conveyor can
have a higher conveyor belt speed and a smaller width.

With definite parameters of the large piece transported by the conveyor belt,
contained in the transported rock mass, and its definite kinetic energy, stable
operation of the system of widely used inclined conveyors is achieved. With the same
kinetic energy of a piece (ore, rock) contained in the transported rock mass, stable
operation of the steeply inclined conveyor will also be ensured.

When designing the transition to the next horizon opening scheme with cyclic-
flow technology and putting it into operation, a some period of time passes from the
beginning of design to start-up. In most cases, during this time, the depth of the
quarry can increase significantly, relative to the one at which it was supposed to be
introduced according to the project. This leads to an increase in the distance of
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trucking to the transshipment point and a decrease in the economic efficiency of the
designed scheme for opening the quarry horizons, and the cyclic-flow technology as a
whole. Let's assume that the introduction of the next scheme for opening deep
horizons according to the project was supposed to be carried out at a quarry depth H,,
but in fact it was introduced at a greater depth of the pit H,. This leads to an increase
in trucking distances

Li_ (H[o_Hp)i + Lg, M., (1)

where i — slope of roads; L, - distance of truck transportation of ore in horizontal
sections, m.

The transition time from the existing horizon opening scheme to the introduction
of the next one consists of the time during which some stages of the design and
construction of facilities are performed.

The time for design and construction consists of the following stages:

ts - development and approval of technical specifications for design, months;

t, - 1s the duration of the project, months;

tap 18 the duration of the project approval, months;

t. - the duration of the project expertise, months;

tmo - duration of equipment manufacturing, months;

t. - the duration of the construction of facilities corresponding to the opening
scheme, months.

Then

Ho=(ts + bty + tgp + te + two + 1) - h, M., (2)

where / - rate of decrease in mining operations, m/year, which can be determined by
the expression

h=G/S (H) (3)

where G- quarry productivity in terms of minerals, mln.m?; S (H) - is the area of the
deposit, which changes with the decrease in mining operations in accordance with the
increase in the depth of the quarry, m?.

Then, taking into account expression (3), the depth of the quarry, where it is
necessary to introduce the next opening scheme (2), can be written as

Hio = (ts + tp + tap + te + tmo + 1) G/ S (H), m. 4)

Determining the difference between H, and H,, the effectiveness of the adopted
opening scheme and the possibility of the timing of the transition to it are established.

At the time of transition to the next opening scheme is significantly affected by
the productivity of the open pit and the rate of decrease in mining operations.
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Conclusion.

1. A promising trend in the development of cyclic-flow technology is the
combined use of inclined and steeply inclined conveyors.

2. To ensure stable operation of the steeply inclined conveyor when transporting
ore with a bulk weight of 3.7 t/m’, the maximum piece size should not exceed 175
mm at a conveyor belt speed of 2.5 m/s. These parameters are determined based on
the density of the ore, which is typical for the conditions of Krivbass. If the
volumetric weight of the transported piece of ore is lower, then the maximum size of
the piece in the transported mass can be increased, which does not require a second
stage of crushing.

3. Under the condition of pre-enrichment of ore in a quarry and the provision of
large and medium crushing, it is possible to effectively use steeply inclined
CONVveyors.

4. On board a deep quarry with a complex structure of the working area, it is
effective to use inclined conveyors in areas with a side slope of 10 - 18°, and steeply
inclined conveyors in areas with a side slope of 30 - 36°.
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AHoTauis. 3a octanHi 20 pokiB 3MiHUNMCb napameTpu poboyoi 30HM TMMBOKMX Kap'epiB, ska CTana CknagaTuch 3
BiNSHOK NOXWUANX Ta KpyTonoxmnux GopTie. Ha psai rnbokux 3anisopyaHux kap'epis novany CTBOpIOBaTH B pobOuii 30Hi
TUMYaCOBI BHYTPILLHI BigBanu PO3KPUBHMX MOPIg, WO BhnvBae Ha BUOIP CXEM POSKPUTTS rMMOOKMX FOPU3OHTIB Mpw
LMKITIYHO-MOTOKOBII TEXHOMOTI.

MeTa gocnimxeHHst — 06rpyHTYBaHHS NepcrnekTUBHUX Hanpamie po3euTky LIMT Ha rmnbokux 3anisopyaHux kap'epax 3
ypaxyBaHHsM Byf0Bu iX poboyoi 30HM Ta 3aCTOCYBaHHS KPYTOMOXUIMUX KOHBEEPIB.

lMokasaHo, L0 Npu NEBHUX NapamMeTpax TPaAHCMOPTOBAHOIO CTPIYKOI0 KOHBEEPA BEMUKOrO LLUMATKa, KU MICTUTLCS B
MPCbKiA Maci, WO TPaHCMOPTYETbCS, | MEBHOI MOT0 KIHETMYHOI EHEPril JOCAraeTbCa CTiMka poboTa CUCTEMM, LLIMPOKO
eKcnnyaToBaHUX KPyTONOXMAMX | NOXUIUX KOHBEEPIB.
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BnsHayeHO napameTpu KpyTOMOXWAMX KOHBEEPIB NPW TPAHCMOPTYBaHHI NOpif 3 BEMKOH LWiNbHICTHO. MpuitHATO, Lo
33 TaKol X KIHETUYHOI eHeprii WwmaTka (pyauW, nopoaw), sKUi MICTUTLCS B TPCBKIM Maci, WO TpaHcnopTyeThes, byae
3abe3nevyBatuncs CTillka poboTa KpyTONOXMIOro KOHBEEPY.

Buxogsaum 3 UbOro, BU3HaYeHi napamMeTpy LWMaTka, WO TPaHCMOPTYETLCS, | napaMeTpu KpyTOnoxXMnoro koHeeepa. 3a
MaKCUMaIbHOK KPYMHICTHO LUMATKIB, SIKi HAAXo4saTh nicns ApobneHHs B KOHYCHIA gpobapui Benukoro ApobneHHs Ha
KPYTOMOXWUNUIA KOHBEEP, CTilka Moro poboTta 3abe3nevyeTbCs NpW LWiNBHOCTI NOPIA, WO TPAaHCNOPTYTLCS, He binbLue
2,81/m3. EkoHoMmiuHe 3acTocyBanHs KHK gocsraeTbes npu CymilleHHi LMKniyHO-noTokoBoi TexHonorii 3 KHK Ta 3
TexHonorieto 3baravyeHHs pyau B kap'epi. [Ins uux ymoB 0BIpyHTOBAHO 3aCTOCYBaHHS LIMKNIYHO-NOTOKOBOI TEXHOMOTIT 3
KPYTOMOXUIUMU Ta MOXUIIMMU KOHBEEPAMM.

PosrnsHyTo GygoBy pobouyoi 30HM rmrboKoro kap'epy 3 nonorvMu Ta kpyTummn Goptamu. [ns umx ymoB po3pobneHo
paLjioHanbHi CXeMU PO3TUHY FTOPU3OHTIB NPU KPYTUX BOpTax Kap'epy Ta 3aCTOCYBaHHS TUMYACOBWX BHYTPILLHIX BiaBasiB.

BcraHoBneHo rnmbuHy kap'epy, 3a skoi HeobXigHO BBOAWTH HOBY CXeMy PO3KpuUTTS. [okasaHo, Lo Ha yac nepexody
[0 YeproBOi CXeMU PO3KPUTTS ICTOTHO BNNMBAE NPOAYKTUBHICTb Kap'epy Ta LWBMAKICTb 3HWXKEHHS MpHUYMX PobiT.

KntoyoBi cnoBa: poboya 30Ha kap'epy, KPYTOMOXUIUIA KOHBEEP, LMKITIYHO-NOTOKOBA TEXHOMOrS, PO3MIp LIMAaTKa,
LBMAKICTb KOHBEEpa

AnHoTauums. 3a nocnegHve 20 neT uaMeHunMCcb napameTpbl paboyeit 30HbI ryboKMX KapbepoB, KOTopas cTana
COCTOATb M3 YYaCTKOB HAKMOHHLIX M KPYTOHAKIMOHHLIX GOpTOB. Ha psige rmybokux xenesopyaHbiX KapbepoB Hayanm
co3aaeaTh B paboyen 30He BPeMeHHbIE BHYTPEHHWE OTBasbl BCKPLILLHBLIX MOPOA., YTO OKasbiBAeT BIUSHWE Ha BbIGOp
CXeM BCKPbITUS Fy6OKNX FOPU3OHTOB NPY LIMKINYHO-MOTOYHOW TEXHOMNOTUM.

Llenb uccneposaHus - 060CHOBaHWE NEPCMEKTUBHbIX HanpasneHuin passutusa LIMT Ha rmy6okux xene3opyaHbix
Kapbepax C y4eTOM CTPOEHUs X paboyer 30HbI 1 NPUMEHEHNS KPYTOHAKITOHHbIX KOHBENEPOB.

lMokasaHo, YTO NpW ONpederneHHbIX napameTpax TPaHCMOPTUPYEMOrO IEHTOW KOHBeWepa KPymHOro Kycka,
COAepXallerocs B TPaHCMOPTUPYEMOW TOPHOM Macce, W OMpefeNieHHON ero KMHETUYECKOW 3Heprv JocTUraeTcs
ycTonyvBas pabota cMCTEMbI, LIMPOKO JKCMAYaTUPYEMbIX KPYTOHAKIOHHBIX M HAKIIOHHbIX KOHBENEPOB.

OnpegeneHbl napameTpbl KPYTOHAKIIOHHOMO KOHBEWEepa Npu TPAHCMOPTMPOBaHUM NOPog, C GOMbLIOHA MAOTHOCTHLH.
MPUHATO, YTO MPW TaKOW Xe KMHETUYECKOW 3Hepruv Kycka (pyabl, NOpOAbl), COAEPKALLerocs B TPaHCMOPTUPYeMOon
ropHomn macce 6ygert obecneunsaTtbes ycTonumBas pabota KpyTOHAKIOHHOMO KOHBEWepa.

Wcxons u3 aToro, onpefeneHbl napameTpbl TPAHCNOPTUPYEMOTO Kycka W napaMeTpbl KpYTOHAKIIOHHOMO KOHBEepa.
Mo MakcUManbHOW KPYMHOCTU KyCKOB, KOTOpblE MOCTynakT nocne ApobneHus B KOHYCHOM Apobumke KpynHOro
OpobneHns Ha  KPYTOHAKMOHHbIA  KOHBeWep, ycTomumBas ero pabota obecneumBaeTcs npu  MAOTHOCTU
TpaHCcnopTUpyeMbix nopoa He 6Gonee 2,81/m%. OkoHomuuHoe npumeHeHne KHK pocturaetcs npu coBMeLLEHWM
LUMKIMYHO-NOTOYHOM TexHonorn ¢ KHK u ¢ TexHonoruen npegoborawleHus pyabl B kapbepe. [ns aTux ycrnosui
000CHOBaHO MPUMEHEHNE LINKMMYHO-NOTOYHON TEXHOMOMM C KPYTOHAKIOHHBIMMW W1 HAKMOHHBIMM KOHBENEPaMM.

PaccmoTpeHo cTpoeHune paboyer 30HbI Fy6oKoro kapbepa ¢ Nonorumu u KpyTbiMu Goptamu. [Ansg 3TUX ycnosui
pa3paboTaHbl paLMoHanbHbIe CXEMbl BCKPbITUS FOPU3OHTOB MpM KPyThix BOpTax kapbepa v NPUMEHEHUS BPEMEHHbIX
BHYTPEHHWX OTBAsOB.

YcTtaHoBneHa rnybuHa kapbepa, Npu KOTOpO HeoOXOAMMO BBOAMTL HOBYH CXeMy BCKPbITUS. [okasaHo, 4TO Ha
BpEMS nepexofda K O4YepedHOoi CXeme BCKPbITUS CyLLECTBEHHO BNWMSIET NMPOM3BOAWTENBHOCTb Kapbepa W CKOpPOCTb
MOHWXEHUS TOPHBIX PaboT.

KntoyeBble cnoBa: paboyas 30Ha Kapbepa, KPYTOHAKIOHHbIA KOHBEWEP, LIMKIMYHO-MOTOYHAs TEXHONOTUS, pasmep
Kycka, CKOPOCTb KOHBeWepa.
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