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The growth in marble quarrying requires the implementation at mining enterprises new high-performance equipment.
In this connection, it is advisable to consider the possibility of use in the development of marble deposits surface milling
miners. To improve the efficiency of their operation it is necessary develop a technique of operational definition of surface
miners’ basic parameters according to conditions existing at marble mining enterprises. Experience shows that when
choosing miner's model the determination of its parameters can be carried out using regression dependences. As a result of
processing initial information about technical characteristics of surface miners the dependences determining connection
between milling width, engine power and operating weight were obtained.

In the largest Russian Koelginskoe marble deposit during 2014-2015 chronometer monitoring the work of surface milling
miner Wirtgen 2500SM were conducted in different modes and conditions. In the study miner's speed was varied from 7 to
9 m/min and cutting depth from 0.1 to 0.15 m. Surface miner worked according to the shuttle scheme with a turn at the end
of the site. Rock was loaded into dump trucks with carrying capacity of 25-30 tons. Processing of observational results
allowed to get dependence for the operational definition of miner's performance in marble deposits developing.
A nomogram for determining the engine power, weight and miner's operational performance with different milling widths
was constructed.

Dependences obtained during the study can be used when selecting miner for a particular deposit, as well as when
forecasting engine power, operating weight and performance of surface miner's perspective models.

Poct 00beMOB 100bIYM MpaMopa TpeOyeT BHEAPEHHs Ha TOPHBIX HNPEIIPHATHAX HOBOIO BbICOKOIPOU3BOAUTEIBHOIO
obopynoBanus. B cBA3M ¢ 3TMM 1eNecooOpa3sHO PacCMOTPETh BO3MOKHOCTb HCIOJIB30BaHHMsA IIPH  pa3paboTKe
MECTOPOXKICHHI MpaMopa KapbepHbIX (pe3epHbIX KomOaiiHOB. [l moBblmeHHs 3(P(EKTHBHOCTH MX SKCILTyaTalUd
HEeoOX0MMO pa3paboTaTh METOANKY ONEPaTHBHOTO OMPEAEICHHS OCHOBHBIX MTApaMeTPOB KOMOAKHOB ¢ y4eTOM YCIIOBHIA,
CYIIECTBYIOMNX Ha NPEANPHATUSIX, J00bIBatonMX MpamMop. OIBIT MOKa3bIBACT, YTO TPU BBIOOpE MOsienH KoMmbaiiHa pacuer
€ro MmapaMeTpoB MOXKET OCYIIECTBIISITBCS C HCIOIb30BAHHEM PErPECCHOHHBIX 3aBHCHMOcTeil. B pesynbraTe 00padorku
UCXOZHOH MHPOPMALUM O TEXHMYECKMX XapaKTEPHCTHKaX KapbepHbIX KOMOAHHOB IIONYYECHBl 3aBUCHMOCTH,
ONPEIEIAIOIIME CBSI3b MEKY IIMPHHON (hpe3epOBAHNUS, MOILIHOCTBIO X JBUTATEIS M SKCILUTYaTallMOHHOI MacCOil.

Ha kpynneiimem B Poccnn Koenruackom mectopoxaernn mpamopa B 2014-2015 rr. 66111 mpoBeIeHbl XPOHOMETPaXKHBIE
HaOmroneHus 3a paboToil kKapbepHOro dpesepHoro xombaitna Wirtgen 2500SM mpH pa3siMYHBIX PEXUMAX U YCIOBHAX
JKCIUTyaTalud. B Xoze uccnefoBannii ckopocth komOaiiHa M3MeHsu1ach ot 7 10 9 M/MuH, a riayObuHa QpesepoBaHus
or 0,1 mo 0,15 m. Kombaiin ocyiecTBisii paboTy 1Mo cXeme ¢ pa3BOPOTOM B KOHIIE Y4acTKa H II0 YETHOKOBOIl cxeme.
Tlorpy3ka ropHoii Macchl HPOM3BOAMIACH B ABTOCAMOCBAIbI IPY30MOABEMHOCTBIO 25-30 T. O6paboTka pe3yiabTaToB
HaOJIIOIEHHil NI03BOJIMIIA HOJTYYUTh 3aBUCHMOCTH JUISl OLEPATHBHOTO ONPENEIEHHs IPOM3BOIUTENbHOCTH KoMOaliHa npu
pa3paboTKe MecTopokaeHus Mpamopa. IloctpoeHa HoMorpamma Ul ONpEAENEHHs MOIIHOCTHM  JIBHTaTels,
SKCILTYaTallMOHHOM MaCcChl M IIPOM3BOIMTENIEHOCTH KOMOAHHOB C pasIMyHOM IMPHHON (pesepoBaHus.

ITosyueHHble B X0/l MCCIIEI0OBAaHUI 3aBUCUMOCTH MOXHO HCIOJIB30BaTh Kak IpH BbIOOpe KoMOaiiHa 1Jis KOHKPETHOTO
MECTOPOXK/IEHHS, TaK ¥ NPU NPOrHO3UPOBAHUHM MOLIHOCTH JIBUraTeNls, YKCILTyaTallMOHHON MacChl M NPOU3BOAUTEIBLHOCTH
MEPCIIEKTUBHBIX MOJIENICH KaphepHBIX KOMOAHHOB.
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Introduction

Today one of the new areas of using marble is the
production of facing slabs, marble products, marble
microparticulate, uniform marble sand with narrow
borders of particle size distribution, as well as
decorative marble gravel. Manufacture’s growth of
these promising products requires an increase in the
volume of mining and implementation of surface
high-performance mining machines. In this regard,
the possibility of using surface milling miners to
operate marble deposits is considered.

Surface miners are successfully used in many
countries around the world to operate deposits of
coal, iron ore, bauxite, limestone, gypsum, shale,
phosphate, salt, chalk, diamond [1-12]. However,
there is not enough experience of their use for marble
deposits’ operating. Determination of the basic
miner's parameters, which using is most advisable to
operate such deposits, is conneced with a number of
specific problems, primarily with the physical and
mechanical marble's properties.

Despite the fact that many companies did the
created and produced surface miners [13-18], the vast
majority of todays operated machines on open-cut
mining are "Wirtgen" company’s miners. That is
why it is advisable to analyze the parameters and
performance of the miners' manufacturer.

The first "Wirtgen" company's miner (model
3000SM), designed to work in the open-cut minings,
was released in 1980 and went through comprehensive
testing. In 1983, the first instance of the miner's model
1900SM was sold to mining company in South Africa.
Today 422 different miner's models work on the open-
cut minings all over the world.

Experience analysis of "Wirtgen" miners’ use
on the open-cut minings iduring thirty-five years
allows making conclusions about the directions of
their improvement and development. The first
models of surface miner had three crawler tracks.
This design was not good and today "Wirtgen"
company's miners have four crawlers. Operating
weight of modern miners is increased in
1.5-2.3 times in comparison with the first models.
Engine power is increased by 1.3-1.7 times. As a
result, cutting depth increased by 1.3-2.4 times, so
it is possible to cut a strong rock, miner's
performance increased significantly.

Determination of engine power
and miner's operating weight

The cutting width is the most important
parameter that influences on the surface miner’s
performance significantly. Its increasing can

improve performance, but also requires to increse
engine power and operating weight. At the same
time, the engine power and the machine weight
influence on its price and operating costs.

In the period from 1980 to 2016 "Wirtgen"
company created and delivered to open-cut mining
miners with 1900, 2100, 2200, 2500, 2600, 3000,
3500, 3700, 4200 mm cutting widths. They had
operating weight from 27 to 204 tons and engine
power from 298 to 1194 kW.

The determination of miner’s parameters for
particular deposit can be performed using regression
dependences. In order to obtain these dependences
technical characteristics of modern surface miner
were analyzed.

As a result of initial information processing
regression dependences determining links between
miner’s cutting width (B, m), engine power (N,, kW)
and an operating weight (M, t) found were found.

The dependence power to determine the
miner's engine, kW, has the form

N:=373.45 B!,

The value of the correlation coefficient is
0.999.

Dependence to determine the miner's operating
weight, t, has the form

M=359.71 —651.9387".

The value of the correlation coefficient is
0.988.

Determination miner's performance
in the extraction of marble

For obtaining dependencies that can determine
miners' performance during marble extraction in
November 2014 and May 2015 on Koelginskoie
deposit chronometer monitoring of the "Wirtgen"
miner’s 2500SM work were made. The optimum
speed and cutting depth were determined, as well
as the time needed to miner’s maneuvers during
his work.

Koelginskoie deposit’s marble has a density
from 2.63 to 2.73 g/em’. Its compressive strength
is 24.30-111.60 MPa (the average is 73.10 MPa).

Measurements made at Koelginskoie deposit
showed that miner's rational working speed V
during marble cutting is 7-9 m/min, and the
cutting depth 4 is from 0.15 to 0.1 m. The speed
and the cutting depth increasing more then these
values leads to increased cutters consumption,
increased vibration, slippage -caterpillars and
products’ fractional structure change.
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Combine carried out the working off sections
by two main technological schemes: the scheme
with a turning at the end of cutting area (Fig. 1a)
and shuttling scheme (Fig. 1b) with return to the
area beginning by idling [19-20].

B

Fig. 1. Miner's work schemes:
a —with a turning at the end of cutting area,
b — and shuttling with return to the area beginning
by idling

e

I |

Thus, as chronometer monitoring showed time
required miner's turning is 10 min and the idling
miner's speed while returning to the top area is
20 m/min.

Mined rock is loaded at dumptruck of
Belarusian Automobile Plant BelAZ-7540 with
load capacity of 30 tons, as well as Chinese

manufacturers’ dumptrucks SHACMAN and
SAMS with load capacity of 25 tons.
As the study results dependences were

obtained which allow operatively to determine the
operating marble deposits miners' performance
(0, m*/h) of different cutting width (B, m). They
were used for the calculation of "Wirtgen" miner's
models 2500SM  performance with marble
extraction according to different schemes and areas
of different lengths (see table).

Dependencies to determine miner's
performance during marble extraction
according to different schemes
(if V=7 m/min and # = 0.1 m)

Dependence to determine "Wirtgen" miner's
The area S
length, m the miner's [gerformance, 2500SM pgrformance,
’ m’/h m’/h
Scheme with a turning
100 0=24208 60.5
200 0=30.71B 76.77
300 0=33.73B 84.32
400 0=35518B 88.77
500 0=36.61B 91.52
Shuttling scheme
100-500 ‘ 0=130.90 B ‘ 77.25

Using these dependences the nomogram was
constructed that allows quickly to determine the
engine power, operating weight and surface miner

performance with different cutting widths during
marble deposit operating (Fig. 2).

N, kW M, t
1200 — 210
M — |
1000 //(, 140
/ N,
800 47 70
25 3.0 35 4.0 B, m
50
100
150
0, m’/h

Fig. 2. The nomogram for determining the engine power

(Mg, kW), the operating weight (M, t) and the miner

performance (Q, m’h) with different cutting width

(B, m) during operating marble deposit: scheme
with miner turning, = * = shuttling scheme

However, it is necessary to consider that
during miner operation there is lost time position
associated with fuel and water refueling, worn
cutters replacement, waiting dumptrucks, setting
them for loading, etc. These time losses are
accounted by using of the miner's utilization
factor K.

In this regard miner's shift operating
performance Oy, m*/cm, is determined by formula

Qsh = Q TshKua

where Ty, — shift duration, h; K, — miner's using
factor for rock extraction.

Conclusions

An analysis of the surface miners technical
parameters, as well as studies carried out on the
Koelginskoe deposit, allowed to obtain regression
dependencies which can be used in the operational
definition of the miner different models’ basic
parameters and performance during operating
marble deposits.

The nomogram for determining the miners’
engine power, operating weight and performance
with different cutting widths during operation on
the scheme with a turning and shuttling scheme
was constructed.

Offered dependence and nomogram may also
be used in predicting the basic parameters and
performance of perspective surface miners models.
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