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Purpose. To determine the rational parameters of reloading points for cyclic-and-continuous technology at open
mining operations using dump trucks.

Methodology. The basis of the developed methodology was the modeling of the physical essence of the process of
road transportation, which most fully corresponds to the simplest flow in the theory of mass servicing of the Poisson
type, and the reloading point from the point of view of bunkering and storage can be considered as an open queuing
system in which the waiting time for unloading is approximated by an indicative distribution.

Findings. As a result of the calculations, the rational capacity of the bunker and the rational number of unloading
points were determined on the basis of the condition of uninterrupted unloading of dump trucks at the transfer point.

Originality. For the first time, a quantitative assessment of the technological parameters of the reloading points
was done, taking into account the journey duration of the dump truck in the cargo and empty ways, the load capacity
of the dump truck, the loading time, the total number of dump trucks required for servicing the excavators, and a
number of other parameters. Thus, complex analysis of the operation of the quarry transport system was carried out.

Practical value. Based on the proposed methodology, the possibility of increasing the efficiency of the transport
system in open mining can be planned in advance, which ultimately will improve the overall productivity of the quarry.
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Introduction. In the development of open-cast min-
ing various transport solutions are used. This could be
rail transport, road transport (large capacity dump trucks)
or mobile conveyor transport. These modes of transport
are considered in the monograph [1] in details. Here it is
also noted that the most efficient in financial terms is
combined transport (automobile — conveyor). In accor-
dance with this monograph in the article [2] there were
published graphs of the dependence of the transporta-
tion cost of one ton of rock mass depending on the depth
of the quarry (Fig. 1). If the cost of transportation by rail
is comparable for medium — depth quarries and even
may be less than for combined transport (automobile —
conveyor), for deep quarries the last mode of transport is
beyond competition.

Thus, the use of combined transport for deep quar-
ries is a common solution. It is widely used in the coun-
tries of the former USSR, for example, in Ukraine, Uz-
bekistan or Russia. For example, article [3] considers
CCT conveyors applied to rocks of stripping at Pervo-
maiskiy quarry of PJSC “Severnyi GOK” (Ukraine). Ar-
ticle [4] is devoted to the use of this technology in Rus-
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sian quarries. The similar technology was used at the
quarry “Muruntau” of Navoi Mining-and-Metallurgi-
cal Complex [5] (Uzbekistan). At the loading stations,
in addition to the overload itself, crushing of the rock
mass is usually carried out with the help of crushing de-
vices (crushers).

Analysis of the recent research and unsolved aspects of
the problem. The open pit mining is undergoing the most
intensive period of development where some problems
arise that threaten the preservation of mining capacity
and result in the rise in the operational costs and hence
in the increase in the payback period of investments.
The growth of development rates of mining operations
and primarily the increase in the depth of quarries in-
evitably lead to the rise in the transportation costs. In
addition, the right choice of the transportation process
affects the overall slope angles of pit edges and, conse-
quently, the relation of the waste rock volume and useful
resources: the overburden ratio. There are advantages and
disadvantages in any technology; therefore, it is neces-
sary to mention that the flow technology is rather un-
suitable for quarries with low productivity, small trans-
portation distances, ultrahigh sinking speed and short
operation life due to high capital costs and semi-mobile
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Fig. 1. Dependence of economic indicators on the open-
cast depth:
1 — automotive transport; 2 — railway transport; 3 — auto-
motive-conveyer transport; C — cost price of ton of material
transportation; H — depth of opencast

properties. The adopted practice of trying to minimize
the costs by means of selective development of the field,
the disorderly change of development directions is of
little use for the semi-stationary crushing conveyor com-
plex which is unable to change its location as the exca-
vating railway reloading stations. In the conditions of
intensively increasing depth of quarries and growth of
costs for hydrocarbon fuel the open mining efficiency
increase for many mining companies can be achieved
due to the implementation of the cyclic-and-continuous
technology (CCT). The dislocation of crushing and re-
loading stations ensures considerable reduction in the
operation costs due to the replacement of a part of ex-
pensive vehicle fleet with cheaper conveyor transport.
Depending on the work flow and installation place the
crushing and reloading stations are divided into the
semi-propelled, semi-stationary (mobile, portable) and
stationary ones (Fig. 2) [6]. To load the crushing and re-
loading station it is possible to apply the option of a re-
loading station in the form of a collecting scoop that al-
ternately takes in cargo from trucks and then unloads
the rocks lifted by hydraulic cylinders into the crusher
(Fig. 3) [7].

Such a model describes the operation of the mining
transport chain of the quarry at cyclic-and-continuous
flow charts with conveyors and vehicles, and the math-
ematical technique used ensures the accounting of acci-
dental variations of the “excavator-truck-reloading sta-
tion” system and determination of its quantity charac-
teristics.

It is impossible to apply the known recommendations
on the selection of rational parameters of the reloading
stations at the application of the cyclic-and-continuous
technology with trucks due to the design and process par-
ticularities of the motor transport system [8, 9].

The article contains the method of calculation of ra-
tional process parameters of reloading stations at the
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Fig. 3. The scheme of the crushing reloading station with
a reloading mechanism in the form of collecting scoops

cyclic-and-continuous technology with the use of dump
trucks. Let us assume that the Poisson flow comes into
the bunker reloading point with parameter A, the time of
servicing each dump truck ¢, is a random value which
is governed by the exponential distribution law with pa-
rameter p, and all unloading points at the reloading sta-
tion are of equal productivity [10, 11].

Presentation of the main research. Based on the con-
dition of continuous work of loading equipment in the
quarry, the traffic flow Q, (capacity of dump trucks)
coming to the reloading point must equal the quarry
productivity Q,, i.e. Q= Q,.

With due account for irregularity of load-haul-dump
machines, the quarry productivity (t/hour) can be rep-
resented in the following way

Qq =N, eQéEChKeKuf I(;,.[(g.tr
where N, is the number of working excavators in the
quarry, pc.; Q¥ is technical capacity of an excavator,
K, is an excavation coefficient; K, is a coefficient of ir-
regularity of excavators’ operation; K is a coefficient of
irregularity of a dump truck’s operation; K,/ is an exca-
vator utilization factor.
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The values of coefficients are determined using the

formula
ke o AN
irr 1 s
,/Ne +—e—1
Kr

where Kf is an excavator availability factor,

N

dt
Kirr = 1
Ny +—r-1
af

Here, N, is the number of dump trucks required for
the operation of excavators, pc., ng is a dump truck
technical availability factor

Qéech 'Ne
Ny =——""5—, (1

Pdt

where P, is a dump truck productivity, t/hour.

P = 9ur

dr
tlt +tﬂ

Here, ¢, is a carrying capacity of a single dump
truck, #; ¢, is a truck loading time, hour

_ s
It Qtech ’
e

where 7, is truck trip time in freight-hauling and empty
directions, hour.

where v, is an average technical speed of dump trucks in
freight-hauling and empty directions, km/hour; L, is an
average weighted transportation distance, km.

After transformations, expression (1) will take the
following form

tech
L
Mfw{HgL—i}

vav ’ th

The analysis of dependence of the quarry annual
productivity on the number of excavators with due ac-
count for irregularity of operation of load-haul-dump
machines reveals that as the volume of excavator buck-
ets increases from 4.6 m? (Komatsu D475A-5) to 16 m?
(EX2600-6), under otherwise equal conditions, the quar-
ry annual productivity increases by 2.5 times. As the
number of working excavators and dump trucks increas-
es, the coeflicient of irregularity grows nearing the val-
ues equaling one [12, 13].

Depending on the productivity and irregularity of
the load-haul-dump machines, the parameter of the
mass service system (reloading station) can be represent-
ed as follows
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where £, is the time of processing of a dump truck at
the reloading station, hour; K, is a transport system
(with trucks) availability factor.

The time of servicing a truck at the bunker equipped
with automatic folding doors consists of the time of
driving dump truck to the unloading point (#,,), the time
for opening the folding doors (%), the time for closing
the folding doors (f,) and the time of the strictly un-
loading (¢,)), i.c.

' g
z‘serv _tdr + tufd + tcfd + tul

Also, the processing time at the bunker reloading
point is characterized by the intensity of operation of
transport at the exit from the bunker, i.e.

" nth

sery k Qb

where 7 is the number of unloading points at the bunker;
k is the number of batchers under the bunker; Q, is the
capacity of one batcher, t/hour.

The highest of the calculated values ¢/, and f;, is
accepted as the processing time £,,,,,.

The batcher capacity (t/h) must be

b

nq,,
kt!

serv

0,>

The condition of continuous unloading of dump
trucks at the reloading station is

Loy < Mar
kQ,

The average queue length of dump trucks depending
on the number of unloading points and parameter a will
be written as

0Ln+l

M= - Lat =<1.
o 1-%) o (et (na) S|
n ' Zi:Oi!

Results. Based on the graph (Fig. 4) plotted at con-
stant values a it is possible to determine the rational
number of unloading points n at the reloading station.
The shaded part of the graph represents a zone of the
most favorable conditions for continuous unloading of
dump trucks at the reloading station, i.e. the zone of
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such values n at which the dump trucks will not stay in a
queue (M <1).

The rational volume of the bunker (t) at the reload-
ing station will be calculated using the formula

V=nq,.
Fig. 5 shows a dependency graph of the bunker ra-
tional volume on the quarry productivity for the follow-
ing parameters

0,=5+20; g,=60.

1
where Q, — mln-—— q4 — 1, t,,, = 90 sec for dump
ear

trucks with load capacity at the reloading station will be
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Fig. 4. Dependence of the average queue length of dump
trucks M, pc. on the number of reloading points n at
the bunker reloading unit
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Fig. 5. Dependence of the bunker rational volume V(t) on
the quarry productivity Q, (min. t/year)
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calculated using the formula exit from the bunker, i.e.
60 t; t,,, = 120 for dump trucks with load capacity 91 t.

Conclusions and recommendations for further use.
The conducted research shows that the double increase
in the quarry productivity results in the 1.7 times in-
crease in the bunker rational capacity at g, = 60 t and in
1.8 times increase at g, = 91 t. Under otherwise equal
conditions, the increase in load capacity of trucks from
60 to 91 tons lead to the need to increase the bunker ca-
pacity by 1.3 times.

These results were obtained on the basis of the ap-
proach outlined by the authors at the conference [14].
The use of this approach in the design of mining ma-
chines will increase the productivity of open quarries.
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Meta. BuzHaueHHs pallioHaIbHUX MapaMeTpiB Ie-
pEeBaHTaXyBaJbHUX IMYHKTIiB IPU LIMKJIIYHO-TTOTOKOBI
TEXHOJIOTII i/l Yac BiIKPUTUX TIpHAYUX POOIT i3 3aCTO-
CYBaHHSIM aBTOCAaMOCKUIIB.

Metoauka. B ocHOBY po3po0yieHOT METOAUKM OYJIO
TMOKJIAZEHO MOJETIOBaHHS (Di3MYHOI CYTi IMpOLIeCy TpaH-
CIOPTYBaHHSI aBTOTPAHCIIOPTOM, SIKili HAMOLIbII T1O-
BHO BiJIITOBiga€ HAWMPOCTIIINI TTOTIK Y TEOPil MacoBO-
ro 00CJIyrOByBaHHSI ITyaCCOHOBOI'O TUITY, a IleépeBaHTa-
JKYBaJIbHUI MIYHKT, i3 TOUKW 30py OYyHKepU3allii i cKiia-
JyBaHHSI, MOXHa PO3IJISIAATH SIK PO3IMKHEHY CUCTEMY
MacoBOT0 OOCIYTrOBYBaHHS, B SIKiii TPUBATICTh OUiKYy-
BaHHSI PO3BAaHTAXXEHHSI allPOKCUMYEThCS MOKa30BUM
PO3IOIiIOM.

PesynbTaTu. Y pesyibpTaTi NpOBEAEHUX PO3PaAXyH-
KiB Ha OCHOBI yMOBU 0e31epeOiiiHOT0 po3BaHTAXKEHHSI
aBTOCAMOCKU/IIB Ha TepeBaHTaXKyBaJIbHOMY ITyHKTi Oy1u
BU3HAUEHi pallioHaJlbHA €MHICTb OyHKepa Ta pallio-
HaJIbHE YMCJIO TOYOK PO3BAHTAKCHHSI.

HaykoBa HoBu3Ha. Y1iepiiie BUKOHaHa KiJIbKiCHa OI1i-
HKa TeXHOJIOTIYHUX MapaMeTpiB MepeBaHTaKyBaJIbHUX
MYHKTIB 3 ypaxXyBaHHSIM TPUBaJIOCTi peiicy aBTocaMocC-
KUY Y BaHTa&XKHOMY i MOPOXXHSIKOBOMY HaIlpsiMKax,
BaHTaXOIMiAHOMHOCTI aBTOCAMOCKUY, TPMBaJIOCTi Ha-
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BaHTAXXCHHSI, 3aTaJIbHOTO YMCJIa aBTOCAMOCKUIIB, He-
00XiTHMX [IJ1s1 OOCJTYTOBYBaHHSI €KCKABaTOPIB, i psILy iH-
X rnapameTpiB. TakuM 4MHOM OYB BUKOHAHUI KOMII-
JIEKCHMI aHaJ1i3 pOOOTH TPAHCIIOPTHOI CUCTEMU Kap’epa.

IIpakTuuna 3Haummicth. Ha ocHOBI 3amponoHoBa-
HOI METOIMKU MOXHa 3a3[aJIeTib MIaHYBaTU MOXJIHU-
BiCTb MiABUIIEHHST €(DEKTUBHOCTI POOOTH TPAHCIIOPT-
HOI CUCTEMU MPU BiIKPUTUX FiPHUUUX PO3POOKaX, 1110
B KiHLIEBOMY MiICYMKY COIPUSITUME TTiIBUILIEHHIO 3arajib-
HO1 MPOAYKTUBHOCTI pOOOTH Kap’epa.

KimouoBi ciioBa: asmocamockud, yukaiuno-nomoxo-
84 MexHOA02Is, 2ipCbKi nopoou, payioHanrbha €MHICMb,
NepesanmancysanbHuil NyHKm

Heab. OnpeneneHue palMOHaJbHBIX MapaMeTpOB
TePerpy30YHBIX ITYHKTOB IMPY LHIUKJIUIHO-TIOTOUHOM TeX-
HOJIOTMU MPU OTKPBITHIX TOPHBIX pabOTax ¢ MpUMEHe-
HUEM aBTOCAaMOCBAJIOB.

Metoauka. B ocHOBY pa3paboTaHHOI METOAUKU
OBLIO ITOJIOKEHO MOJAEIMpPOBaHME (PU3UUECKON CyIII-
HOCTH TIpoliecca TPaHCIIOPTUPOBAHUS aBTOTPAHCIIOP-
TOM, KOTOPOI Haubosiee MOJTHO OTBEYAET MPOCTEUIIIUIA
ITOTOK B TCOPUH MaCCOBOTO OOCITY>KMBaHUSI ITyaCCOHOB-
CKOTO THUIIA, a TIEPEeTPY30YHBII MYHKT, C TOUKH 3PCHMUS
OYHKepH3alluy U CKJIaTNPOBAHUS, MOKHO pacCMaTpH-
BaTh KaK Pa30OMKHYTYIO CUCTEMY MacCOBOTO OOCITYKM-
BaHUsI, B KOTOPOI IMMPOIOLKUTEILHOCTD OKUIAHUS Pa3-
IPY3KU almpoKCUMUPYETCsSl TTOKa3aTeJbHBIM pacipe-
TEeJICHUEM.

Pe3ynbratel. B pesynbrate mpoBeneHHbBIX PacYeTOB
Ha OCHOBE YCJIOBUS OecriepeboiitHO pa3rpy3Ku aBTO-
CaMOCBaJIOB Ha MePErpy304HOM IMYHKTE ObLIN OIpejie-
JIEHBI pallMOHaIbHAsE EeMKOCTh OYHKepa W paliioHalb-
HOE YMCJIO TOUYEK pas3rpy3KHu.

Hayunas noBu3Ha. BriepBble BBITTOJTHEHA KOJIMYE-
CTBEHHAsI OILICHKA TEXHOJIOTMYECKUX TapaMeTPOB IIie-
PEerpy309HBIX ITYHKTOB C YYETOM IIPOIOKUTSIIHHOCTH
peiica aBTOocaMocBaja B TPY30BOM M IOPOKHSIKOBOM
HAIlpaBJICHUSAX, TPY30IIOABEMHOCTA aBTOCAMOCBaJa,
MPOAOIKUTEILHOCTH TOTPY3KH, OOIIIETO YKMCiIa aBTO-
CaMOCBaJIOB, HEOOXOMUMBIX UISI OOCTYXXMBaHUS IKC-
KaBaTOPOB, W psiia NPyrux napamerpoB. Takum obpa-
30M OBIJT BBIMOJHEH KOMIUIEKCHBIN aHaJIu3 pabOoThl
TPAaHCIIOPTHOM CUCTEMBI Kapbepa.

IIpakTHyeckas 3HauumocTb. Ha ocHOBe TpeioxkeH-
HOM METOOWKHN MOXHO 3apaHee IUIAHMPOBATh BO3MOXK-
HOCTb HOBBIICHUS 3 (MEKTUBHOCTH PAOOTHI TPAHCIIOPT-
HOM CHCTEMBI IIPU OTKPBITHIX TOPHBIX pa3paboTKax, UTo B
KOHEYHOM CUeTe OYIEeT CITOCOOCTBOBAThH IIOBBIIIICHUIO
00IIIeHT IMPOM3BOINTEIFHOCTH PabOTHI Kaphepa.

KimoueBble ci10Ba: agmocamocean, YuKAU4HO-NOMOU~-
Hasi MeXHOA0USL, 20PHblE NOPOObL, PAUUOHANLHASL eMKOCHIb,
nepeepy304HbLil NYHKM
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