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IMPROVEMENT OF CYCLIC-FLOW TECHNOLOGY
FOR DEPOSITS WITH LOW ORE CONTENT AND
HIGH PRODUCTIVITY

Abstract. The cyclic-flow technology for low-grade deposits is one of the most important components of the industry. In this article the authors analyzed, how
improvements in cyclic-flow technologies can be facilitated to meet the required performance and performance expectations in an unpredictable future. It is a mechanism
that ensures progress in the right direction in terms of reducing mining costs and significant achievements in environmental management. The traditional three approaches
are the exact type of crushing plant, the optimal mining and handling equipment, and the well conveyor. The new fully mobile crushing system is a great improvement
over the original three options, which can ultimately ensure the necessary improvements in the cyclic-flow technology for low-grade and high-productivity deposits.
Which in turn gives significant growth in regarding the economic context. Many companies strive to find effective technology for increasing income.
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Ken moJiepi TeMeH :9He OHIMILTIT 2KOFaAPbI KEH OPBIHAAPBI YIIiH aFbIHABIK IHKJIAbI TEXHOJOTHSIHbI 2KEeTIIIIpy

Angarna. ToMEH COPTTHI LIOTIHALICPre apHajIFaH MKIIIK aFbIH TEXHOJIOTHSCHI CaJlaHbIH MaHbI3Ibl Kypamjaac OeuikTepiHiH Oipi Goibin TabbLianbl. by
MaKaJiajia aBTopiaap 60nKaHOaHThIH O0JaIaKTa KaXKeTTi OHIMILTIK IIeH KYTIIETIH HOTI)KENIEpre KOJI )KETKI3y YIIiH HUKIIIK aFbIHIbI TEXHOJIOTHSIAP/IbI JKaKcapTyFa
Kasaii ynec KocyFa OOJIaThIHBIH Talfajbl. Byl Tay-KeH IIBIFBIHIAPBIH a3aiTy jKOHE KOPLIAFaH OPTaHbl OacKapyAarbl MAHBI3JbI XKETICTIKTEP TYPFBICBIHAH AYPBIC
GarbITTa IIrepijiey /i KaMTaMachl3 €TeTiH MeXaHU3M. J[9CTYpIIi YIII TOCII KOJIAAHbBICTA, OJIap: YHTAKTay KOHIBIPFBICHIHBIH HAKTHI TYPi, OHTAMIbI Tay-KEH 5Ka0AbIKTaphbl
JKOHE YHFbIMa KOHBelepi. JKaHa TONBIK JKBUDKBIMANbI YCAKTay KOHIBIPFBICHI GACTaIKbl YIII HYCKAJaH alTapIIbIKTall sKaKCapTy OOJIBII TaObLIagbl, Oy Calbll Keil-
TeH/Ie TOMCH COPTTHI JKOHE KOFaphI OHIM/I KEH OPBIHAAPbI YIIiH MUKILIK YHTAKTay TeXHOIOTHICHIHIA KaXXETTi jKaKCapTyIapAbl KAMTaMachl3 eTe axaasl. byr e3
Ke3eTiH/ie 9KOHOMHUKAJIBIK KOHTEKCTKE KaThICTBI aliTapIIbIKTail ecim Oepeni. KenTeren kommnanusiiap KipicTi apTThIpyAbIH THIMII TEXHOJIOTHSCHIH Ta0yFa ThIPbICAIBbI.

Tyitinoi co3oep: asbinObIK YUKT MEXHOIOSUACHL, MOMEH COPMMbL KEH OPLIHOAPbL, MEXHOI0SUAHbL HCEMINIIPY, YCAKMAay KOHObIPbICHL, OHIMOLIIK, KOPULALAH
opma, wsl2blHOApObL A3aimy, oHOIpy.

yCOBepHIeHCTBOBaHHe IMUKJINIHO-TIOTOYHON TEXHOJOIHH AJIsA MCCTOPOMCIICHHﬁ C HU3KUM COJAECpKaHUuEeM PYAbI

H BBICOKOI1 NMpOM3BOAUTEJIBbHOCTHIO

AHHOTAIMA. L[HKHH‘IHO-HOTO‘IH&H TEXHOJIOTHUS JUIsl OCITHBIX MeCTOpO)KZ[eHP[fI SIBJIIETCS. OJJHUM M3 Ba)KHEHIIIMX KOMIIOHEHTOB. B crarbe poaHaJIM3UPOBAHBI
CIIOCOOBI COBEPIIEHCTBOBAHUS HUKJIMYHO-TIOTOYHON TEXHOJOTUHU JUISI JOCTHIKCHHS Tpe6yeM0171 TMIPOU3BOAUTEIBHOCTH, CHHXKEHHUS 3aTpaT Ha ,ElOﬁbI‘ly II0JIC3HBIX
HUCKOIIa€MbIX, a TAKXE obecrieueHus OXpaHbL Opr)Ka}OHICﬁ CpEnbl. TpaHI/ILII/IOHHO HCIIOJIB3YIOTCSI TPU COCTABIISAIOIINC: TOYHBINA THIT HpOGHHLHOﬁ YCTaHOBKH,
OIITUMAJIBHOE TOPHO-IIOIPY309HOC 060pyZ[OBaHHe M CKBa)KUHHBIN KOHBeﬁep. HoBast MoOwIbHas I[pOGPUIBHaH YCTaHOBKaA ABJISICTCSA 3HAYUTCIBHBIM YIIYUIICHUEM
110 CPaBHEHHUIO C [IEPBOHAYAJIBHBIMA BapHaHTaMH, YTO, B KOHEYHOM UTOI'C, MOKET obecneYnTh He0OX0IUMbIE YCOBEPUHICHCTBOBAHHUA B TEXHOJIOTHH [TUKIHYECCKOIO
M3MEJIBYCHUS [J151 HU3KOCOPTHBIX U BBICOKOIIPOAYKTHBHBIX MCCTOpO)K,HeHPIﬁ. 3TO, B CBOIO OY€pEaB, NaCT 3HAYUTEIbHBIA SKOHOMHYECKUI POCT.
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Introduction

The mining industry is structured so that drilling and
blasting operations have become some of the most important
components in recent years. The volumes of exploding rocks
have been growing continuously, thus increasing the demand
for technologies that can accelerate the mining processes,
adhere to the cost considerations and facilitate environmental
management in the best ways possible. Cyclic-flow
technology for deposits characterized by low ore content
and high productivity has emerged as one of the ideal ways
of addressing various concerns in the mining processes and
the industry at large. In this context, the emphasis is on
analyzing how improvements can be facilitated in cyclic
technologies to meet the required performance and efficiency
expectations moving into the unforeseeable future.

Background Analysis

The use of cyclic-flow technology schemes characterized
by mobile crushing and reloading complexes in the
context of open cast mining has been in practice in recent
years. A comprehensive analysis of the cyclic-flow
technology schemes comprising the mobile crushing
schemes and reloading complexes that have continued
being used in open cast mining indicates various aspects
of the radical improvement associated with it. These
include the creation, development, and implementation
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of the new mining transport equipment facilitated by the
quarry’s technological schemes [1].

Such aspects entail the mobile excavators crushing and
the transshipment plants on top of the conveyor systems.
Technological schemes for the development of rocks
facilitated by the end arrangement of the mobile complexes
that use the single bucket excavator and conveyor transport
have been facilitated [2, 3]. They are continuously enhanced
by the utilization of mobile complexes and the increased width
linked to the working platform in the wake of transportation.

There is also the presence of the mobile interstage loading
crane that is equipped with sequential mining at three horizons.
It is a situation that has paved the way for the methodology
linked to determining the working time and the aspect of the
annual productivity associated with mobile crushing and
handling conveyor complexes [4] The understanding in that
regard is that in the context of the open-pit mining associated
with the mineral deposits of uniform strength and diverse
aspects of the contents, it becomes instrumental in relying
on the use of the technological frameworks that adhere to the
needs of performance and efficiency at any given moment.

Current Alternatives

At the moment, it is documented that there are three
distinct frameworks of cyclic-flow technology for deposits
characterized by low ore content and high productivity.
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They differ in terms of the types of machinery and
installations used. Moreover, some differences are linked
to their location in the face based on the utilization aspects.

The First Option

The option is associated with the installation of the
mobile crusher in the face, as depicted in figure 1 [5], where
the rock has to be loaded into the crusher by the excavator
operating via the hopper feeder that functions as an integral
part of the whole system. The crushed ore downhole
conveyor has to be moved directly to the intermediate or the
main conveyor. It can be noted that the notable weakness
associated with this approach is that there has to be a focus
on fencing the conveyors on the lower sides during the
blasting and the systemic movements.

Second Option

The approach focuses on installing the mobile conveyor-
reloader between the downhole conveyor and the mobile
crusher, as captured in figure 2 [5]. It will be realized that the
mineral ore is usually loaded into the crusher by using the
excavator via the hopper feeder. The mineral ore from the
crushing plant is eventually transferred to the mobile conveyor-
reloader before it is further taken to the downhole conveyor [6].
The understanding in that regard is that the stated technology
allows the mining professionals to reduce the movements of
the downhole conveyor in a move that ensures that they are
placed at a great distance away from the bottom.

Third Option

The whole approach is usually based on using mobile
crushers located at the working site, as captured in figure 3
[5]. The understanding is that the single-bucket wheel loaders
undertake coordinated activities that include extraction,
loading, and delivery of the mineral ore mass to the crusher.

It is an approach in which the movement of the crusher
and that of the conveyor are established as being less
frequent than in the case of the first and second approaches.
Moreover, the distance associated with the delivery of the
ore from the bottom using the single-bucket loader becomes
instrumental in determining the movement steps.

Analysis of the scientific literature based on the studies
undertaken by [7] it is stipulated that the emphasis is
laid on the presentation of the basic methods associated
with the development of the deposits by using the mobile
crushing complexes. The implication is that moving
forward, there is the need to focus on establishing an
efficient technological scheme for such endeavors.
Moreover, the effectiveness and rationality of using the
cyclic-flow technological schemes that rely on the mobile
crushing-reloading-conveyor complexes (MCRCC) have
to be based on specific mining and geological conditions.

Similarly, whenever the mining experts and management
teams determine that the use of mobile crushing complexes
has to be considered, it becomes necessary to predict the
efficiency linked to the mining endeavors. Moreover, it
also becomes essential to consider the reliability of the
equipment complex and the exceedingly necessary aspect
of the environmental effects of such comprehensive and
technologically enhanced mining processes'. The implication

in that regard is that whenever the decision-makers
pronounce themselves on the way forward concerning the
use of the cyclic-flow technologies that are based on the
mobile crushing complexes, [8] point out that it is incumbent
upon them to work in a manner that will ensure the scientific
substantiation and systematization of the mining schemes.

Methodological Framework

Choices have to be made concerning the optimal
technological approaches that have to be used within the
realms of the MCRCC framework. Various conditions
have to be made in the decision-making endeavors. First,
a choice has to be made on the exact type of crushing plant
that has to be used, given the attainment of the maximum
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Figure 1. The first option with the installation
of the mobile crusher in the face.
Cyper 1. Bipinii HycKa KeHKapFa OPHATBLIFAH
MOOWIB/I YCATKBIIITHI.
Puc. 1. IlepBblii BApHAHT € YCTAHOBKOW MOOUIbHOI
APOOUIIKHU B 3a00e.

Figure 2. The second approach on installing the mobile
conveyor-reloader between the downhole conveyor and
the mobile crusher.

Cypert 2. YHFbIMa KOHBelepi MeH KbL/KbIMAJIbI
YCATKbIII APACHIH/A KbIIKBIMAJIbI KOHBeHep/i KaiiTa
JKYKTey/li OpHATYABIH eKiHIIi TIcimi.

Puc. 2. Bropoii moaxox mo ycraHoBKke MOOHJIbHOTO
KOHBeliepa-neperpyskartesisi Me:xKAy CKBAKHHHBIM
KOHBeliepoM M MOOH/ILHO APOOUIKOI.

Figure 3. The third approach based on using mobile
crushers located at the working site.

Cypert 3. YmiiHmi T9CiJ1 :KYMbIC QJIaHBIHAA OPHAJIACKAH
JKBIUIKBIMAJIBI YCATKBIIITAPABI KOJJIAHYFa
Heri3/1eJrex.

Puc. 3. Tperuii noaxo 0CHOBAH HA UCIOJb30BAHUH
MOOMJIBHBIX IPOOUJIOK, PACIOT0KEHHBIX
Ha pa0oueii momanKe.

!Khokhryakov B.C. Open pit design. — Moscow: Nedra, 1992. 383 p. (in Russian)
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productivity of the excavator. Moreover, the required
lumpiness of the mineral ore associated with the various
mechanical and physical properties has to be explored.

The second necessary aspect is to select the optimal
mining and handling equipment that aligns with the expected
technological parameters. Some of the leading parameters that
must be considered are the capacity associated with the excavator
bucket, discharge height, and the mechanism of loading into
the crusher hopper. It is closely followed by the third condition
of considering the presence and types of the re-loaders.

The third expectation and condition that has to be observed
in the context of the comprehensive MCRCC framework is
the selection of the downhole conveyor that can either be
telescopic or mobile based on the prevailing circumstances and
preferences. The fourth consideration is based on the choice of
the installation method that has to be linked to the crushing
plant in the loading process and other related aspects. Lastly,
the emphasis must be placed on seclecting the installation
methods and moving the aspect of the inter-step loading crane.

Comparative Analysis

Decisions have continued being made by the mining
engineers and the management teams of the various mining
companies concerning the right versions of the three
approaches of the cyclic-flow technology aspects that have to
be used at any given moment. A comparative analysis of the
three approaches commonly used in the current dispensation
is facilitated by the data captured in the graph (figure 4) [5].

The graphic information above indicates that all
three versions of cyclic-flow technology schemes are
associated with the increase in length of the block, as
is the case from 200 m to 1800 m. It is associated with
increased annual productivity from 3.5 to 5.8 cubic
meters per year. It is displayed in the graph that the
system performances associated with the first and the
second approaches/options have almost similar values.

It is evident in the second option that the increase in
the extent of the length of the block from the initial 500
meters leads to a reduction in the levels of performance as
compared to the case of the first option of the cyclic-flow
technological scheme. In the case of the third option, it is
evident that the system’s performance is comparatively
faster with the small block length. The increase in the
length of the same block from a figure in the region of 700
m led to rapid instances of increases.

The implication in that regard is that the low performance
of the system in the context of the length that is up to 700
meters can be related to the reasoning that the third option
of the cyclic-flow technological scheme is associated
with the larger number of idle transfers of the complex. It
is a situation larger than observed in the first and second
approaches/options, respectively.

Based on the observations made in the case above, the
implication is that there has been a focus on the development of
the methodology whose rationale is to ensure the determination
of the two aspects. They include the annual productivity and
working time associated with the MCRCC framework that
has to be compared to the three approaches/options of cyclic-
flow technological schemes that have been reviewed. The
emphasis, in that case, has to be laid on the need to establish
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the dependence of the annual productivity associated with
the block length of the MCRCC framework [9].

Alternative Approach/Option

The prospect of improving the cyclic-flow technology for
deposits with low ore content and high productivity calls
for the need to implement a proven effective and efficient
framework based on past performance levels. A comparison
of the three options of the cyclic-flow technological schemes
that have been considered in this context reveals that there is
the need to formulate a comprehensively new technological
approach linked to the MCRCC framework that will be relied
upon to ensure the provision of the high system performance
while ensuring low time spent on idling.

The need to have a system that adheres to the above
requirements paves the way for the formulation of the new
technological framework characterized by the development
of the overburdened ledges equipped with the central
heating system necessary for the deposits with low ore
content and high productivity based on MCRCC. It,
therefore, follows that such a comprehensive and efficient
system is recommended moving forward. The figure 5 [5]
illustrates the necessary framework.

A concise overview of the new system indicates that it is
organized and structured in ways that work on two horizons.
According to [10], the implication is that the downhole
conveyor has to be installed on the upper ledge for efficiency
purposes. The development of the new MCRCC framework
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Figure 4. Three versions of cyclic-flow technology
schemes are associated with the increase in length
of the block.

Cyper 4. Hukaaik aFrbIHABIK TEXHOJOTUAJIBIK
cxeMaJjiapAbIH YII HYCKAChI 0JIOK Y3bIHABIFbIHBIH
YJIFalobIMeH 0aiJIaHbICTBI.

Puc. 4. Tpu BapuaHTa TEXHOJIOTUNYECKHX CXEM
€ HIMKJINYECKHM MOTOKOM CBSI3aHBI
¢ YBeJIMYeHHUEeM IJIMHBI 0JI0KA.

Horizont ~15 m
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Horizont -15 m

Figure S. The necessary framework.
Cyper 5. KaxeTTi mekreyaep.
Puc. 5. Heo0xogumble paMKH.
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Figure 6. The performances of the new MCRCC
framework tend to increase with the length
of the block.

Cypert 6. /KaHa KbLIKBIMAJIBI YCAKTAy-KalTa THEY-
KOHBeliepJik KemeHaepAiH eHiMaixiri 0,10k
Y3bIHABIFBIMCH YJrasi/ibl.

Puc. 6. [Ipou3BoAUTEIbHOCTH HOBBIX MOOHJIBHBIX
JAPOOUJILHO-NIEPErPY30YHO-KOHBEePHBIX KOMILIEKCOB
HUMeEET TCHACHIMIO K YBCJIUICHHUIO C YBCJIMYCHUEM
JJIHHBI 0JI0KA.

leads to the need to compare it with the previous three
approaches/options that have always been at the disposal of
mining engineers and executives (figure 6) [5].

The data above indicate that the performances of the new
MCRCC framework tend to increase with the length of the
block. The situation is linked to the decreases in the number
of cycles observed during the working period around the
year. It can also be noted that studies have established that
the productivity of the MCRCC tends to increase with the
decrease associated with the specific time of the movement
of the downhole conveyor in the regular working cycle [8].

It is a situation that calls for comparing the new cyclic-
flow technological approach to the previous ones. In the
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