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INCREASE OF EFFICIENCY OF TECHNOLOGICAL PROCESS
OF ORE DRAWING AND DELIVERY OF ORE MASS AT DEVELOPMENT

OF DEPOSITS OF NATURAL-RICH IRON ORES ON LARGE DEPTHS

The scientific article gives an investigation of technological solutions for intensity the ore draw-
ing, which will improve the completeness of extraction of freed ore and the quality of ore mass. As a
result, it has been established that one of the key solutions to this problem is the use of a combined
method for the delivery of ore and ore mass with the help of the “multi-bucket scraper winches —
self-propelled loading and unloading machine” complex. Since the application of this complex is
most adapted to the complex geomechanical conditions of the deep horizons of the Kryvbas mines.
Research and technological solutions for decreasing the amount of localization of ore mass hanging
in the draw-points upto 1,4-2,2% are presented, which will allow increasing the operational pro-
ductivity of the scraper winch up to 600—700 tons/shift. And it will also make it possible to increase
the intensity of the technological process of ore drawing from 1,5 to 5,5-6,2 tons/m2 per day and the

extraction of clean ore to 10,5%.

Key words: deep horizons, intensification of mining operations, recovery percentages, natu-
ral-rich iron ores, self-propelled loading and unloading machinery, combined ore delivery method.

The problem and its connection with the scien-
tific and practical tasks. To date, the development of
natural deposits of rich iron ore in underground mines
Kryvbas made at a depth of 1200—-1400 m under sig-
nificant influence of gravitational stress fields with dif-
ferent options sublevel caving method characterized
by low rates of ore extraction and design complexity,
with increasing depth reduces the competitiveness of
underground mining enterprises [1]. Under these con-
ditions, the reserves for further design and technolog-
ical upgrade sewage extraction technology based on
the use of obsolete fixed and hand-held equipment is
almost exhausted [1-4].

Research and publications analysis. Analysis of
the current domestic and foreign experience, scientific
works and project materials prove that at the moment
the main problem of mining natural rich iron ore is
the intensification of its production and the introduc-
tion of advanced methods of production using mod-
ern mechanization of all production processes [1-8].
Since it is proved that the intensification of extraction
long-hole stoping improve the competitiveness of
the mining enterprises of Kryvyi Rih iron ore basin.
But the large-scale introduction of the self-propelled
machines hinder sophisticated geomechanical condi-
tions of deep horizons of mines Kryvbas, especially
in the process of delivery of ore mass since the release

of the ore through the crosscut, located at the base
of draw-ball of production level, it is extremely dif-
ficult to keep the workings of cross-sectional area of
12—14 m? during their lifetime while ensuring maxi-
mum quality and quantity of ore extraction [9]. This
raises the question of changing the design of the pro-
duction level.

To solve this problem, developed a combined
method of delivery of ore from the discharge openings
to the system of capital ore passes, through scrapers
on the horizon, the primary delivery and Load-Haul-
Dump on the horizon secondary delivery, which is the
most adapted to the complex geomechanical condi-
tions of deep horizons of mines Kryvbas [10].

The disadvantages of this method of delivery is
that the combination of vehicle the roof load-delivery
cross drift and foot wall roadway complicated venti-
lation openings initial delivery. As a result, scrapers
driver installation is in a niche that is not ventilated.
As well as the formation of ore mass invasion foot
wall roadway small volume, which reduces the use of
self-propelled vehicles for change if the process sim-
ple scrapers installation. But still the main drawback
of this technological scheme is to ensure the perfor-
mance of a scraper winch within 200 tons/shift [4].
Since there is a significant loss in performance due to
the localization of hangs, which is an average of 15%
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Fig. 1. Dependence variable operating performance scraper installations
from the exit of oversized pieces of ore mass (%)

[11].Which mainly arise from the exit of oversized
pieces of ore or waste rock [11;12].

Formulation of the problem. To improve the
combined method of ore mass delivery by increas-
ing the productivity of the scraper winch. To do this,
it is necessary to find the possibility of reducing the
average length of ore mass delivery and reducing the
amount of localization of hangings in the draw-points.

Presentation of the main material and results. To
reduce the average length of ore delivery to 6 m, the
use of a multi-bucket scraper winch is suggested [13].
But still the main task is to reduce the number of out-
of-gauge pieces of ore and waste rock. Thus, according
to the formula given in [4], the operating capacity of
the scraper winch 55LS-2S was calculated, with a tail
scraper with a volume of 1,2 m?, depending on the exit
of the oversized pieces (Figure 1).

Thus, it can be seen from Figure 1 that an excep-
tion to the maximum value of the exit of oversized
pieces will ensure an increase in the productivity of a
scraper winch by 2—4 times.

The first step in the solution of the problem is to
replace the draw-points with a diameter of 1.5 m to
the niches or ore drawing with the size of 2x2 m. This
will reduce the number of localization of hangings by
2,0-2,5 times. But the most effective way to reduce
the output of oversized pieces is to improve drilling
and blasting operations.

During the study found that the quality of the
blasted rock mass depends on such factors: the influ-
ence of gravitational and tectonic stress fields, which
leads to a deterioration of the situation and mine tech-
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nical causes an increase in consumption of explosives
in the breaking of using known short-delay blasting
circuits; the nature of stratification of rocks, which
affects the speed of propagation of elastic waves,
under the influence of which the medium is deformed
and destroyed; of the means of drilling of blast holes,
parameters and methods of blasting.

On the basis of investigations carried out to solve
the problems of regulating the quality of crushing
rock explosion resource it was developed technolog-
ical scheme of the process of breaking the ore exca-
vation units in the array embodiments of sublevel
caving in difficult geological and mining conditions
of deep horizons of mines complex, including: select
the direction of the main group of holes, taking into
account the regularities of formation stress fields in
the zone horizons stopping, their changes and zon-
ing arrays excavation units and structural elements of
the system in the process of development of mining
operations; reducing the seismic effect of breaking
the bottom of the complex workings of excavation
units due to account of the orientation of sets of wells
with respect to the bottoms of the excavation units;
improving the quality of ore crushing due to the
choice of the optimal length of blast holes and applied
geotechnics; selection of management sets the direc-
tion of blast holes and blasting parameters taking into
account the anisotropy of the ore massif.

Thus, these recommendations will allow to reduce
the output of oversized pieces to 1,4-2,2% and
thereby increase the productivity of the scraper winch
to 600700 t/shift (Figure 1).
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Fig. 2. Scheme of the combined method of delivery of ore mass “multi-
bucket scraper winches — self-propelled loading and unloading machine”

The conducted researches and formulated recom-
mendations made it possible to develop a fundamen-
tally new design of the combined method of ore mass
delivery (Figure 2).

To ensure the operation of the scheme shipping ore
mass, the level is divided into several sublevel approx-
imately equal height at which and foot wall roadway
with the bottom layer cutting load-delivery cross drift 1.
Over the load-delivery cross drifts 1 cutting roadway
2 of horizon primary delivery, combining their roof
and foot wall, respectively. In the field of combining
these workings is set grating 3. Pairs form a 4-6 dis-
charge niches 5 that have a size of 2*2 m in the roadway
2 of horizon primary delivery. Will increase condi-
tioned piece of 600 mm. The roadway 2 of horizon
primary delivery in the central part combine with each
other using ventilation cross drift 4 connecting system
of mining ventilation drifts collective-collector.

Production and delivery of ore mass within the
cleaning panels made after vidbiyky ore mass of dis-
charge niches 5 to roadway 2. Ore delivered multi-
bowl scraper settings 6, on both sides of the ventila-
tion cross drift 4, their intersection with loading and
load-delivery cross drift 1 where it grating by 3 grid
unloaded. On the soles of cargo load-delivery cross
drift 1, thus formed bulk ore mass 8, the amount of
which can reach the order of 90 tons. The automated
high-performance production of ore ensured that each
quantity scrapers scraper setting 6 corresponds to the
number of pairs of exhaust openings 5 of which held
output, volume scrapers (V), starting with the tail,
twice the previous volume (V, = 2V,). The distance

between the scrapers same and the distance between
adjacent discharge niches (/d) and center loading and
load-delivery cross drift 1. This combination of dis-
charge niches and scrapers setting will ensure uni-
form ore output equal doses of each outlet and help
eliminate the social factor subject planogram pro-
duction. Thus the average length delivery reduced to
the distance between the discharge niches, which is
6 m, depending on the parameters of sustainability ore
array and intensity of cleaning processes remove. As a
result, productivity scraper installation is provided in
the range of 600 to 700 tons/shift, causing the inten-
sity of working panels in a range of 5,5-6,2 tons/m?
per day. Depending on the distance (/d) and the
number of pairs discharge niches through the wall
roadway on the horizon, the primary delivery, dis-
tance between loading and load-delivery cross drifts
L will fluctuate within 30-35 m. The secondary
self-propelled load-delivery machines 7, carried out
on load-delivery cross drifts 1 to include discharge
directly into vehicles or major ore pass.

Airing horizon secondary delivery propelled load-
ing and delivery machines, depending on the capac-
ity of ore deposits can be made using forced local
ventilation fans, or using the ventilation openings in
the bottom layer of or put rocks in which it is placed.
Airing horizon primary winches delivery unit 6 made
clear jet of air that comes from the roadway 2 on
each side panel cleaning and removal of exhaust air
through the ventilation crosses 4.

This ore drawing method excludes the impact of
social factors in the performance of planogram ore
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drawing, through the use of multi-bucket scraper
winch. Since the distance between adjacent scraper
winch buckets equal to the distance between the pairs
of draw-points from which the ore drawing.

The use of multi-bucket scraper winches allows
the ore drawing all the draw-points along the length
of the primary mine working uniform dose deliv-
ery («linearly alternating with a uniform dose of ore
drawingy) that improves the quantitative and quali-
tative of ore extraction. Because based on laboratory
studies conducted for the terms of the range of tilt
angles of one of the side walls panel stope of ore
deposits within 35-65° and height of the layer of ore
collapsed draw-points, which in scale modeling is 40
m, it was found that “linearly alternating with a uni-
form dose of ore drawing” reduces the ore to 10,5%
in fact pure ore extraction, depending on the angle
and height of the ore deposit ore collapsed layer, as
compared to a uniformly consistent ore-release mode.

Conclusions. The research helped to establish
optimal parameters of the technological process of
ore drawing and delivery of ore mass within the
panel, which will allow to provide its high-inten-
sity of ore drawing in the range of 5,5-6,2 tons/m?
per day. This indicator of intensity is ensured by

the productivity of the scraper winch at the level of
600-700 tons/shift, on the horizon of the primary
delivery along the line of scraper drift, provided that
the oversized pieces of the ore mass are released
in the range of 1,4-2,2%. The performance of the
TORO 400E self-propelled loading and unload-
ing machine, within an average delivery length of
90-110 m, ranges from 12001400 tons/shift, which
allows one machine to service two scraper covers in
two loading crosscuts that are located along the con-
tour of the cleaning panel . The distance between the
capitalore passes will be, on average, 330 m, with an
average thickness of the ore deposit of 2030 m. The
combination of the roof of the loading and unload-
ing crosscut and the soles of the scraper drift can
increase the amount of invasion of the ore mass on
its sole, as a result of increasing its height, which
will increase the coefficient the use of a self-pro-
pelled loading and unloading machine in time for
a change, in case of possible technological down-
time of one of the scraper units. On the horizon of
the primary scraper delivery, through-air ventilation
of fresh air jets of scraper drift, which will ensure
high-quality sanitary and hygienic working condi-
tions of the driver of the scraper winch.
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NIABUHIEHHS EOEKTUBHOCTI TEXHOJIOT'TYHOI'O ITPOLECY
BUITYCKY I JOCTABKHU PYJIHOI MACH B TPOLIECI PO3POBKU MOKJIAJIIB
MNPUPOOHO-BATATHUX 3AJI3HUX PY]] HA 3HAYHUX INIMBUHAX

Y cmammi nasedeno 00cniodceHHs MexHON02IUHUX pileHb U000 NIOSUWEHHS THMEHCUBHOCMI GUNYCKY
Pyou, siKi 0036015Mb NOKPAWUMU NOGHOMY SUYHUEHHs 6i00umoi pyou U sikicms pyoHoi macu. Bcmanoeneno,
Wo OOHUM 13 KIHOYOBUX pillenb YIei npodoiemMu € 3acmocy8ants KOMOIHOBAHO20 CHOCOOY OOCMABKU pyou i
PYOHOI Macu 3a 00NOMO2010 KOMIIEKCY «0a2amoxogulesi CKpenepHi 1e0ioku — cCamoxiona Hasanmaicy8aIbHo-
docmasoyna mawunay. Tomy wo 3acmocysanus 0anoeo KOMIIEKCy HauUbbuw adanmosane 00 CKIAOHUX 2eo-
MEXAHIYHUX YM08 2aubokux eopuzonmie waxm Kpusbacy. Hagedeno 0ocniodicents i mexHon02iuti piuieHHs.
w000 3MEHUIeHH s KIIbKOCMI JIOKANi3ayii 3a6ucans pyoHoi macu 6 oyuxax 0o 1,4-2,2%, wo 0ozeorums nio-
BUWUMU eKCIIYamayiiny npoodyKmuenicmes ckpenephoi 1eoioku 0o 600—700 m/3miny. A maxodc cnpusmume
NIOBULEHHIO THMEHCUBHOCMI MEXHONO2IUHO20 Npoyecy unycky pyou 3 1,5 0o 5,5-6,2 m/m? na 006y, a omoice,
suayuentio uucmoi pyou 0o 10,5%.

Knrouosi cnosa: 2nubdoxi 2opuzonmu, iHmeHcupikayia 2ippuyux poobim, NOKAZHUKU BULYYEHHS, NPUPOOHO-
bazami 3ani3Hi pyou, CamoxioHa HABaAHMANCYBALHO-OOCMABOYHA MEXHIKA, KOMOIHOBAHUL CHOCIO 00CMABKU PYOU.

HOBBIINEHUE 9®PEKTUBHOCTU TEXHOJOTUMYECKOI'O ITPOLECCA BbBIITYCKA
M JJOCTABKH PYJTHOM MACCHI ITPU PASPABOTKE 3AJIEJKEN TPUPOJHO-BOTATBIX
KEJE3HbBIX PY/l HA BOJIBIIUX INTYBUHAX

B cmamvwe npusedeno ucciedosarnie mexnono2uyeckux peueHuti no N08bIULEeHUI UHMEHCUBHOCNU GbINYCKA
PYObl, YMO NO360AUM YEEAUUUMb NOIHOMY U36IeUeHlUs. OMOUMOT pyobl U KAUecmao pyoOHOU MAccyl. Yemanos-
JIeHO, YO OOHUM U3 KITOUeBbIX peuleHull 2motl npod.aembl A6151emcs npUMeHeHue KOMOUHUPOBAHHO20 cnocoba
00CcmasKu pyowvl u pyOHOU MACCbL ¢ NOMOUbI0 KOMIILEKCA K MHO2OKOBULOBbIE CKpenepHble 1eOE0KU — CAMOX00-
HAsl NOSPY30YHO-00CMABOYHASL MAWUHAY. TaK KaKk npumeHeHue 0aHHo20 KOMNIeKca Hauboiee adanmuposano
K CILOJCHBIM 2COMEXAHUYECKUM YCA08UAM 2Ty00KuUX 2opuzonmos waxm Kpusbacca. [lpugedenuvt ucciedosanus
U MEXHON0UYECKUe PeueHust N0 YMEHbUUEHUIO KOIUYeCcmad JOKATUAYUL 3a8UCAHULL PYOHOLL MACCHL 8 OVUKAX
00 1,4-2,2%, umo no3gonum noguicumy IKCHIYAMAYUOHHYIO NPOUZBOOUMENbHOCIb CKPENepHOU 1e0E0KuU 00
600-700 m/cmeny. A max snce 0acm 03MONCHOCHIb YEENUUUMb UHIMEHCUBHOCTb MEXHOI02UYECK020 NPpoyecca
suinycka pyovl ¢ 1,5 00 5,5-6,2 m/m’ 6 cymku u, é pezyibmame, uzeiederue yucmou pyosi 0o 10,5%.

Knroueswle cnosa: 2nyboxue 2opuzonmol, UHMEHCUDUKAYUSA 2OPHBIX paOOm, NOKA3AMeNU U3e1eueHus, npu-
POOHO-bo2ambie dncelestvle pyobl, CAMOXOOHAST NO2PY30UHO-00CMABOUHAS MEXHUKA, KOMOUHUPOBAHHbIL CNO-
cob docmasku pyowl.
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