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Abstract
Research relevance. Heading technology with automobile long haul transport has become
widespread in traffic tunnels construction. An analysis of scientific and technical information
sources that consider work in a tunnel face revealed a number of problems and limitations that
decrease productivity.
Research objective is to develop methods and ways of coordinating the operation of drifting
equipment to reduce the drifting cycle time and increase the pace of construction.
Methods of research. It is proposed to include periodic hopper-reloaders with high unloading
capacity in the “heading machine-dump truck” process flow in order to ensure continuous
operation of a heading machine and a dump truck and thereby improve production efficiency.
Results. To quantify the effectiveness of a hopper-reloader, the coefficient of a cycle time
(duration) reduction was introduced. A mathematical model has been developed to determine
the drifting cycle duration under different conditions of driving a mine working.
Calculation results analysis showed that by reducing the time of the hopper-reloader unloading
in half compared to the time of loading, it is possible to reduce the drifting cycle duration
by 25%. A qualitative assessment of the developed model for the drifting cycle time formation
shows that the main factor leading to time reduction is the improved capacity of hopper-reloaders
during unloading.
Conclusions. As a result of the research, ways have been outlined to improve the efficiency of
mine development using the heading method of driving a working for a traffic tunnel by reducing
the duration of the drifting cycle. It is proposed to use a periodic hopper-reloader to coordinate
the operation of a heading machine and a dump truck with a capacity significantly higher than
that of the heading machine.
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Introduction. Heading technology with automobile long haul transport has become
widespread in traffic tunnels construction [1-11].

The country has experience in driving mine workings for transport tunnels using KP-21,
KP-25, KP-200T heading machines by JSC Kopeysk Machine-Building Plant [12].
Broken rock, in this case, was hauled away by MoAZ or KamAZ series dump trucks.

An analysis of scientific and technical information sources that consider work in a
tunnel face revealed a number of problems and limitations that decrease productivity.
First of all, these include forced downtime of equipment due to uncoordinated operation.
The studies and results presented are aimed at eliminating them.

Research objective is to develop methods and ways of coordinating the operation of
drifting equipment to reduce the drifting cycle time and increase the pace of construction.
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Methods of research. It has been established that transport handling operations
in the case under study are cyclical, that is, the cargo moves periodically along the
excavation, but not in a continuous flow. Firstly, from the face to the vehicle through
the heading machine, after that it is hauled by a dump truck along the mine workings
to the dumping site. Thereby, the heading machine is in a state of forced downtime
waiting for the haulage vehicle to be loaded. The obvious solution to this problem
is to use several dump trucks. However, this is not always technically possible and
economically profitable.

One way of solving the problem in question is to use the PNB mining machines (side-
grip continuous loaders), scraper reloaders, and hopper-reloaders, which coordinate the
operation of a heading machine and a haulage vehicle, as part of drifting equipment.
In particular, BP-15, BPS-22, PP-15, etc. hopper-reloaders are used.

The use of the above-mentioned intermediate transport facilities has a number of
disadvantages. They provide for simultaneous work with a heading machine and a dump
truck being loaded, which means that while waiting for a long-haul transport their work
is greatly impeded. Moreover, the time it takes to load a dump truck with a reloader is
comparable to the time it takes to load it directly from a heading machine, which means
that the production rate remains practically the same.

Hopper-reloader Tiuging,

T unloading
Tloading Tunloading
Heading machine Toading | Dump truck
th Ttruck

Figure 1. A block diagram of the studied sets of heading equipment
Pucynok 1. CrpyKkrypHas cXeMa  HCCICAYEMbIX  KOMIUICKTOB
TOPHOIPOXOIYECKOTO 0O0PYI0BAHHSE

From the point of view of environmental safety, the fact that traffic tunnels are
usually built within residential areas and public roads imposes certain limitations on the
technologies used. This applies to equipment that hauls broken rock outside residential
areas over significant distances along public roads. The restriction refers primarily to
using specialized LHD (load, haul, dump) machines adapted to work with heading
machines in terms of design, as long-haul transport. This also confirms the relevance
of developing and justifying the technology of loading standard vehicles, which are
allowed access to public roads, directly in the face.

It is proposed to include periodic hopper-reloaders in the “heading machine — dump
truck” process flow and therefore ensure continuous operation of the heading machine
and improve production efficiency. Periodic hopper-reloaders possess high unloading
capacity; during the dump truck operation, they will accumulate rock mass coming from
the heading machine and reload it into the dump truck.

Let us consider a mathematical model of how a set of drifting equipment under
study operates. Its block diagram is presented in Figure 1 (Q, 1is the technical capacity
of the heading machine, m*min; 7, . ing is the loading time of the hopper-reloader min;
T is the time of unloading the hopper—reloader into the dump truck, min; 7, is the

_unloading

time of the dump truck haul cycle to the dumping area and back, min).
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The main characteristic of a heading cycle is its duration. When developing the
hopper-reloader design, we will assume that the dump truck is loaded at one stop,
i.e. the volume of the hopper-reloader V opper-reloader m’, is greater than or equal to the
volume of the dump truck body V,

ruck”

Vi

hopper-reloader

= Vtruck'

The moment the dump truck arrives for loading is taken as the beginning of the
cycle. Then, without a hopper-reloader in the process flow scheme, the cycle duration is
determined by the following expression:

T'=T,

loading

+T

truck *

With is a hopper-reloader, the cycle duration is determined depending on the
r /T ratio:

truck "~ loading

—if7_ /T, ding = 1, then
T =T sioading + Tiruers
—if Ttruck/ Tloading <1, then
=T unloading T (T loading T ) + T =T unloading T loading *

It can be said that the use of an intermediate hopper-reloader is most effective when
T .and T values are equal, since this means that a heading machine and a dump

ruck loadin
truck endure downtime only during the hopper-reloader unloading. A downward change

inthe 7 /T, . ding ratio will lead to increased drifting cycle time due to longer forced

K T

A T(ruck / loading =
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Figure 2. A dependency graph of the cycle time reduction factor
Pucynox 2. I'padmdaeckast HHTEpHpeTanys 3aBUCHMOCTH KOd(QUIMEHTa CHIKEHHS
BPEMEHH IHKJIa

downtime of the dump truck. An upward change inthe 7 /7, . ratio indicates that
the cycle duration is maintained, however, the forced downtime of the heading machine
will increase.

To quantitatively assess the effectiveness of a hopper-reloader, let us introduce the

concept of the cycle time (duration) reduction factor K:

— 1 — (Tunloading + Ttruck) )
T (Tloading + Ttruck)
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If the hopper-reloader loading time T, g and the dump truck haul cycle 7, are
equal, and the 7, /T, e 1 inequality is satisfied, then:

ruck loadin;
T .
K - unloading + 1 )
2 T loading

It can be seen that the hopper-reloader unloading time reduction compared to the
loading time by half, makes it possible to reduce the drifting cycle duration by 25%.
Under T, /T, ding 1 the K factor formula takes the form:

K:1+Tunloading/l+ Ttruck .

T

loading loading

Research results. A dependency graph of the cycle time reduction factor is presented
in Figure 2. It should be noted that the minimum value of the K factor tends to 0.5
indicating that the maximum possible reduction in the drifting cycle time due to the
hopper-reloader presence in the process flow does not exceed 50%.

A linear graph of work organization by the studied heading method when driving a
working for a traffic tunnel is presented in Figure 3.

A
T, unloading

Ttruck = Tloading

T, unloading

Operation

Ttruck

\/

Cycle time

Figure 3. A linear graph of work organization by the heading method
Pucynox 3. JIuneinslii rpaduk oprannzanuy padoT ¢ MpUMEeHEHHEM KOMOAifHOBOH TEXHOIOTHH

A qualitative assessment of the developed model for the drifting cycle time formation
shows that the main factor leading to time reduction is the hopper-reloader capacity
improvement during unloading.

Analysis and discussion. Belt, scraper, and apron feeders, hopper-loaders and
reloaders with wedge transport elements or with changing geometry of the transport
element, driven by power hydraulic cylinders, can act as devices coordinating the
operation of a heading machine and a vehicle [13].

However, they cannot effectively reduce the duration of the drifting cycle, comparable
with due to slow unloading relative to the heading machine capacity.

Studies have shown that it is important to implement technical solutions for hopper-
reloaders with high unloading capacity. For this purpose, schematic structural diagrams
of heading hopper-loaders with the required properties were developed at the Shakhty
Automobile and Road Construction Institute (branch) of Platov South-Russian State
Polytechnic University (NPI); the designs are protected by invention patents of Russian
Federation [14].

11
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Any design option incorporates the principles of unloading bulk material due to the
translational motion of a pushing plate or a moving bottom together with the horizontal
unloading. The mentioned elements are driven by translational power hydraulic
cylinders.

Figure 4 shows a schematic diagram and a prototype of a hopper-reloader with the
majority of the mentioned unique features implemented. The hopper-reloader consists
of a hopper, a draw-out pushing plate, sections in motion with respect to each other, and
power hydraulic cylinders. After the dump truck has arrived, the material is unloaded
by simultaneously drawing out the pushing plate and shifting the moving section,
which ensures a twofold increase in the hopper-reloader capacity. The main distinctive
property of the proposed designs, which is achieving high capacity values, is ensured by
the simultaneous flow of material across the entire cross-section of the hopper and the
simultaneous process steps of unloading it.

a b

Figure 4. A hopper-reloader with a pusher plate and a sectional moving bottom: a — schematic diagram;
b — prototype
Pucynox 4. ByHkep-meperpyxareiib ¢ TOJKATEIEM W  CEKIHOHHBIM  MOJBIKHBIM  JIHHIIEM:
a — IpUHIMIHAIBHAS cXeMa; b — SKCIIepUMEHTaIbHbINH 00paser|

Mathematical modeling of hopper-reloader operation and its parameters justification [15]
made it possible to find relationship between the height of the pushing plate,
the granulometric composition of the loaded material and the permissible length of the
reloader:

L< (1 +( /Hlayer) )Hlayer / Miiction »

where L is the perm1551ble length of the reloader, m; d_ is the average diameter of the
loaded piece, m; H__ is the height of a layer of the materlal moved (assumed equal to
the height of the pushmg element), m; p. . is the coefficient of material friction along the
hopper.

The width of the hopper-reloader B, is linked to the parameters of the heading
machine and dump truck. The speed of linear movement of the power elements of the
drive V, , according to recommendations [15], does not exceed 0.1 m/s. The estimated
capacity of a 2 m wide hopper-reloader with a 1 m high pusher plate during unloading
will be 10-12 m3/min.

For comparison, the capacity of the KP-21 heading machine, depending on the
strength of the host rocks, is 0.3-2.0 m*/min. So, under 7, /7T, ding = > 1, the hopper-
reloader will reduce the duration of the drifting cycle by 40%.

Conclusions. As a result of the research, ways have been outlined to improve the
efficiency of mine development using the heading method of driving a mine working

12



Nosenko A. S. et al. / Minerals and Mining Engineering. 2024. No. 4. P. 8-16 MINING MACHINERY

for a traffic tunnel by reducing the duration of the drifting cycle. It is proposed to use a
periodic hopper-reloader to coordinate the operation of a heading machine and a dump
truck with a capacity significantly higher than that of the heading machine.
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IIpumeHeHnue OyHKep-neperpy:karesieil NepuoANYEcKOro eiicTBHs NMPH NMPOXoaKe
TPaHCNOPTHBIX TOHHeJIell KOMOaiiHOBBIM CIIOCOO0M

Hocenko A. C., lovnuuknii A. A.', Hocenxo B. B.!, Antynnna M. C.!, 3y6os B. B.!
! [TaXTHHCKWH aBTOXOPOXHBII HHCTUTYT (rmuan) FOPTTIY (HITN) um. M. 1. TTnaroBa, IlaxTer, Poccust.

Pegpepam
Axkmyanvnocms. llpu cmpoumenscmee mpancnopmuuix mMOHHeNEU WUPOKOe PACHPOCMPAHEHUe
NOAYUUNA  KOMOQUHOBASI MEXHONO2USL C NPUMEHEHUEM ASMOMOOUILHO20 MALUCTPATLHOO
mpancnopma. AHAnu3 HAyYHO-MEXHUYECKUX UCMOYHUKOE 6 00nacmu opeanusayuu pabom
TMOHHENbHOM 3a60€ 6bIsAUT PSIO NPODIEM U HEOOCIAMKO8, 0ZPAHULUBAIOWUX MEMNbL NPOBEOEHUs.
pabom.
ILenv uccnedosanuit — paspabomxa mMemooos u cnocobo8 coenaco8anuss pabomvi NPOXOOYECKO20
000py0oBanusi OISl CHUIICEHUsL BPEMEHU NPOXOOYECKO20 YUKIA U NOBbIUUEHUS MeMNO8
cmpoumensemea.
Memoouxa nposedenusn uccnedosanuii. Obecneuums HeNPepPbLIGHOCMb PAbONIbL NPOXOOYECKO20
KoMOQliHa U agmocamoceana U 3d cuem 3Mo20 HOGbICUMb IPeKmueHocms npou3o0Ccmed
npeonazaemcsi  GKIOYEHUEM 6  MEXHOLOSUHECKVIO  YENOUKY — «NpOXOOYeCKUll  KoMOAiH—
asmocamoceany OyHKep-nepezpydicameneli. nepuooutecko2o 0etcmeus, 001aoaruux BGblCoKol
Pasepy30uHOU NPOU3EOOUMENLHOCIIBIO.
Pesynomamel. /[ KOIUUeCMEEHHOU  OyenKku  dpexmusnocmu  npuMeHeHus
OyHKep-nepezpyjcamenss  66e0€HO  NOHAMUE  KOIDPuyuenma  CHUdNCEHUs — 8pEMEHU
(npoodondcumenvrocmu)  yukia. Paspabomana  mamemamuueckas — moodenv 0
onpeoenenust nPOOOINCUMETbHOCIU NPOXOOUECKO20 YUKIA 8 PAZHBIX YCA0GUAX NPOBEOEHUs.
8bLIPAOOMKU.
Ananuz pesynibmamos pacuemos RNOKA3AN, YMO CHUJICEHUE 6PeMeHU pas3epy3Ki OYHKep-
nepezpyjicameiss N0 CPAGHEHUIO CO 8PEMEHEM €20 3a2PY3KU 6 084 PA3a NO3GOISLeN YMEHbUUMb
NPOOONHCUMENLHOCIb NPOX00Yecko2o yukia Ha 25 %. Kauvecmeennas oyenka paspabomanHou
Mooenu  opmuposanusi  NPOOOTANCUMETLHOCIIU  NPOXOOUECKO20 YUKAA NOKA3bIBAEN], 4O
OCHOGHBIM (PAKMOPOM, 8EOVIUM K €20 CHUICEHUIO, SGISIEMCSL NOGLIULEHUE NPOUZEOOUMENLHOCIU
OYHKep-nepezpydicameneti npu e2o paszepysKe.
Bbi6oowl. B pesynomame  GbINOIHEHHBIX — UCCIE00BAHUL  HAMEYEHbl NYMU  NOBbIUEHUS
ahpexmusHocmu  20pHONPOXOOUeCKUX pabom npu  KOMOQUHOBOM CNocobe NpoGeoeHUs.
8bIPAOOMOK  NOO  MPAHCROPMHbIE MOHHEIU 30 CUem  CHUICEHUSL  NPOOOINCUMENbHOCTIU
npoxooueckoeo yuxaa. Ilpeonosiceno ucnonvzosamv OyHKep-nepespylcamens NepuooUdecko2o
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Oeticmsus 0l CO2NACOBAHUSA pAOOMbL  NPOXOOUECKO20 KOMOAUHA U  A8MOMPAHCNOPIHOZ0
cpedcmea, 0bnadarujezo  BbICOKOU NPOU3EOOUMENbHOCHIbIO, 3HAYUMENbHO Npesblluaroulell
npoU3800UMENLHOCTb NPOXOOUECKO20 KOMOAHA.

Knrwouesvie cnosa: xombailnogolii cnocod, mpancnopmHsle MOHHEIU, NPOXOOYECKUll KOMOAUH;
OYHKep-nepezpyscamens,; npoxoO4eckKutl Yuri.
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