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Abstract. Assessment of the technical level of surface mining machines is
carried out according to a special method of expert-free assessment of min-
ing machine quality, known as the G.I. Solod's technique. The technique is
based on the basic principles of qualimetry and allows to assess functional-
ly homogeneous machines of different sizes, types and designs based on
the functional criterion of the machine that determines its main purpose.
Assessment of the technical level of mining machines creates the basis for
choosing priority areas for its improvement and development of scientifi-
cally-based methods for the optimal design of machines. In this regard, the
aim of the work is a comprehensive assessment of the technical level of
surface mining machines to increase it and optimize their parameters. For
this, methods of mathematical modeling, statistics, data collection and pro-
cessing, analysis and synthesis were used. The developed methodology for
integrated assessment provides the ability to control the quality of a surface
mining machine at all stages of its life cycle: design, manufacture, opera-
tion.

1 Introduction

As applied to the mechanical equipment of surface mines (drilling rigs, single-bucket exca-
vators or shovels, mining trucks) and shovel-truck systems at surface mines, G.I. Solod's
technique was used in [1-7]. The differences in the options of the technique in the indicated
works consist in specific functional criteria and the set of indicators of the technical level.
Moreover, the term "technical level" refers to the quality level of the machine at the design
stage.

An integrated assessment of the technical level of surface mining machines includes the
following steps:
* Selection of a functional criterion for assessing the technical level;
* Justification and determination of indicators of the technical level (or quality);
+ Assessment of the technical level (or quality) of existing surface mining equipment fleets;
+ Analysis of the results of assessing the technical level of machines and the selection of
promising areas for its improvement.
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2 Selection of a functional criterion

Since the quality of a mining machine can show itself only when a machine performs its
task in accordance with its purpose — when drilling holes in rocks with certain physical and
mechanical properties, during excavation and transportation of material (overburden or
minerals), then the machine cannot be considered in isolation from the material interacting
with it. For such an assessment, it is necessary to have a functional criterion for the interac-
tion of elements of the systems "drilling rig — rock", "excavator — material", "mining truck —
material — road" under the restrictions imposed by the external mining environment.

From the point of interaction, the main purpose of the mining machine is to ensure high
productivity, the main property of the material is the ability to resist drilling, excavation,
and transportation. The parameter of the machine that most determines the effectiveness of
the interaction is its productivity Q; as the main parameter of the material, which most
characterizes its ability to resist the fulfillment of this function, the specific energy of the
mining machine W to perform its main function in accordance with the purpose.

The product of the indicated main parameters for the machine and material

A=W-Q (1
makes a functional criterion for assessing the quality of surface mining machines (kW).

The specific energy of a mining machine to perform its function is the minimum energy
required for the destruction and removal of 1 m® of rock from a hole (drilling rigs), digging
and loading 1 m3 of material in one cycle (excavators), transportation of 1 ton of material
along a 1 km long road with given profile (trucks). It should be completely determined by
the physico-mechanical properties of the rock massif, material, characteristics of the sup-
porting surface, and does not depend on the type, model, and design of the machine. There-
fore, when comparing mining machines with different areas of rational use, the parameter
W will be a scale factor, which puts the auger and cone drilling rigs, all excavators and min-
ing trucks (ore, coal or overburden carriers) on a par, allowing to compare their technical
level and quality.

Depending on what performance will be used in determining the functional criterion, it
can be used to assess the technical level of machines or the level of quality of their opera-
tion. To compare existing surface mining machines with each other and when designing
new equipment, theoretical performance should be used in determining the functional crite-
rion (1).

The specific energy of drilling should include two components: W = W, + W, where
W,., W, are the specific energies of rock destruction and removal from the hole, MJ/m?3. The
values of W, are given in the reference literature. The dependence for the specific energy of
removal of fracture products from the hole was determined in [1] and has the form W, =
0,5p,9(cosa + fysina)L., where p, is the density of the drillable massif, t/m’; g is the
gravitational acceleration, m/s?; « is the angle of inclination of the hole to the vertical; f, is
the coefficient of friction of the rock on the drill string; L. is the hole depth, m.

Drilling performance can be determined by the following formula: Py = 0,25mDZ9r,
where Dy is the diameter of the borehole, m; 97 is the technical drilling speed, m/h.

The specific energy of material excavation is defined as the work spent by an excavator
on digging material and loading it into a truck, per 1 m® of excavator bucket capacity. The

dependence for determining the specific energy of excavation was determined in [2] and
nnZRlz,

has the following form (kJ/m’): W = k; + 0,5p,g(hy + T)’ where ky is the specific

digging resistance of the rock, kPa; h;, is the maximum digging height of the excavator, m;
n is the rotational speed of the turntable, min™'; R,, is the discharge radius, m.
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Excavator productivity per 1 m® of bucket capacity can be determined by the well-

known formula [m*/(h-m%)]: Pr = 3600/t., where t. is the estimated working cycle dura-
tion, s. It is given in the technical characteristics of single-bucket excavators, for example,
in [8-10].

The specific energy of material transportation is defined as the transportation work per 1
t-km. This work is carried out due to the traction force of the truck and is aimed at over-
coming the forces of resistance to movement. The traction force that a vehicle can realize is
determined by the characteristics of its engine and transmission and does not depend on the
presence or absence of material in the body. The force of resistance to the movement of the
truck directly depends on its load. The dependence for determining the specific transporta-

tion energy was determined in [4] and has the form (MJ/tkm): W = w,

1+iZ 0y
where i,,,, 1s the maximum slope of the lift overcome by the truck; f. is the coefficient of
rolling resistance of the truck on the road; k is the tare coefficient.
The performance of the truck is defined as the product of its payload and the average
technical speed of its movement along the route per 1 auto-ton [4]. It has the following

1+i2, 0
form (KW/kN): P; = 0,56 42

mgr  glimax+fckr+1)]’

where Ny, is the power of the truck en-

gine, kW.
Substituting the corresponding dependences in the formula (1), we obtain the expres-
sions for the functional criterion of each mining machine.

3 Justification and determination of indicators of the technical
level

The indicators characterizing the technical level of the machine are established as a result
of a detailed analysis of the operations performed by this machine in the technological pro-
cess. The initial full set of indicators is then subjected to gradual reduction according to the
criteria of consistency, representativeness, subordination to the goal of quality assessment,
expressed as a functional criterion.

For drilling rigs, the following technical level indicators have been adopted: the power
spent on face destruction N, and cleaning the hole N;,; mass index (total material consump-
tion) of the rig M; comparative material consumption of the rig (mass coefficient) m,; total
drilling depth L and drilling depth in one pass ,,; speeds of maneuvering operations Vp,qn
and movement v,,.; coefficient of technical use of the rig k;;; coefficient of mechanization
level of auxiliary operations Ky,-

For single-bucket excavators, the characteristic indicators of the technical level are: spe-
cific energy consumption E,, and metal intensity k,, of the machine; specific digging force
kf; specific working dimensions of the shovel k;** and kf*, which determine the height and
width of the face; excavator adjusted life T,., as an integral indicator of reliability.

For mining trucks, the characteristic single indicators are: specific load capacity of the
truck mj;,‘f; density of its layout p,; the mass coefficient of the truck k,,; power reserve Lp,;
reduced turning radius R,,.; maximum speed of the truck v,,,; standard mileage of the
truck T,

All of these indicators are available for determination at the earliest stages of machine
design. Depending on more specific conditions and requirements, the introduction of addi-
tional indicators is possible.



E3S Web of Conferences 174, 03014 (2020) https://doi.org/10.1051/e3sconf/202017403014

V" International Innovative Mining Symposium

4 Assessment and determination of directions for improving the
technical level

Assessment of the technical level of existing mining equipment fleets is carried out under
the following conditions. Of the total number of models we stand out machines that are
widely used at surface mines. In order to compare the technical level of domestic surface
mining machines with foreign ones, sufficiently developed and widely used in the world
machine designs of leading companies in this field are accepted for consideration. In the
group of drilling rigs, a total of 15 models of drilling rigs were considered, of which 10
were domestic models, and 5 models of Bucyrus-Erie machines. They cover the range of
drilling holes from 125 to 381 mm in diameter and from 24 to 60 m in depth. To assess the
technical level of mining excavators, 24 machines of all sizes with a bucket capacity of 5,2
m> to 45 m® were selected, of which 5 excavators were manufactured by OMZ, as well as
19 machines from foreign companies: American Caterpillar, Japanese Komatsu and Hita-
chi, German Liebherr and Swiss Terex O&K. Among the trucks, a total of 22 models were
considered. These are 14 models of BelAZ trucks with a payload of 30 to 320 tons, 6 mod-
els of Caterpillar trucks with a payload of 36,3 tons and 218 tons, and one model of Ko-
matsu (120 tons) and Unit Rig trucks (181,4 tons).

A general analysis of the results of the calculation of a generalized indicator of the tech-
nical level of drilling rigs indicates a general low technical level of the domestic drilling rig
fleet at surface mines. The technical level &k of the considered Bucyrus-Erie machines is
almost 2 times higher than the domestic ones. Domestic machines are inferior to foreign
ones in almost all respects, and especially in terms of characterizing the quality of auxiliary
operations, the level of mechanization and reliability. The degree of imbalance in the pa-
rameters is also high in domestic machines (50% against 18%).

The generalized indicator of the technical level of all mining hydraulic excavators is
above 0,5. This indicates their fairly high technical level. The average technical level of the
considered group of excavators is k = 0,764. The average level of domestic machines is
only slightly 3% lower than that of foreign companies.

Like for excavators, the aggregate indicator for all mining trucks is higher than 0,5. The
average technical level of the considered group of machines is 0,695. Like for excavators,
the technical level of BelAZ trucks and foreign trucks is almost the same. This means that
from the point of design scheme perfection and availability of new ideas and solutions,
BelAZ trucks practically do not differ from foreign machines (this also applies to excava-
tors).

The analysis of the technical level indicator of drilling rigs, which characterizes the ra-
tionality of using the power spent on destruction, shows that the group of domestic drilling
rigs has a total technical level of 0,655, while in the group of foreign rigs this indicator ap-
proaches 1, amounting to 0,961.

From the values of the indicator reflecting the efficiency of using the power spent on
cleaning the hole, it can be seen that screw machines have higher values of this indicator
and much lower values are roller cone drilling machines, in which the hole is cleaned by
blowing with compressed air. This indicates a very high energy intensity of transportation
of fracture products from the hole with compressed air and the need to switch to a screw-
pneumatic cleaning method, which allows to reduce air consumption compared to purging
by 35-40% [11].

An analysis of the values of the indicator characterizing the correspondence of the
weight of the drilling rig and the axial force developed by the feed system shows that most
of the machines are excessively heavy. It should also be noted that machines with a lower
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rotator arrangement and a cartridge feed circuit have better values of this indicator com-
pared to machines with a movable rotator.

From the analysis of indicators characterizing the quality of auxiliary operations, it
clearly follows that domestic machines are significantly inferior to foreign ones. This indi-
cates a low level of mechanization of auxiliary operations and unbalanced parameters. Do-
mestic rigs more than double the level of mechanization of auxiliary operations, and almost
double the reliability of domestic drilling rigs compared to foreign ones. All this indicates
the need for large-scale work on this issue too.

The main reserves for increasing the technical level of excavators are: an increase in the
specific digging force, the largest specific digging radius, as well as a decrease in specific
metal consumption and specific energy consumption. For domestic excavators, the main
reserve is to increase the resource.

An analysis of the technical level of mining trucks shows that BelAZ trucks are ahead
of foreign ones in specific payload, layout density, mass coefficient and reduced turning
radius; and lag behind in fuel range, maximum speed and, especially, in resource mileage.

BelAZ and foreign trucks are about the same in specific payload, and BelAZ trucks
even outperform foreign machines by 6,4%. The second indicator, according to which both
domestic and foreign trucks have high values, is the layout density (compactness) of the
truck. The overall technical level of this indicator for BelAZ trucks is 11,2% higher than for
foreign vehicles. This means that the layout of all the machines is quite rational, and foreign
trucks have a more "loose" layout. Analysis of the mass indicator indicates the need for its
reduction. Moreover, BelAZ machines even win a little (by 9,8%). And the last indicator by
which BelAZ trucks surpass foreign ones is the indicator characterizing the maneuverability
of the machine. BelAZ trucks are 8,7% higher than foreign ones.

In terms of movement autonomy, BelAZ trucks are lagging behind foreign vehicles. The
main reason is that BelAZ trucks have less efficient engines in combination with smaller
fuel tanks. BelAZ trucks are even lagging behind foreign machines in terms of speed, they
are 8,7% less mobile compared to foreign vehicles, even with a greater power supply. The
most significant lag of BelAZ trucks from foreign-made ones takes place in terms of relia-
bility and durability. BelAZ trucks are on average 27,5% less durable than foreign ma-
chines. This is due to the higher quality of foreign truck manufacturing, as well as higher
requirements for the reliability of equipment abroad [12].

A general analysis of the results of calculating the performance of mining trucks and
excavators shows that machine models with a higher energy capacity and also a lower dead
weight are technically more advanced. This suggests that the technical policy when creating
new machines of a larger size by further upgrading existing structures without significant
qualitative changes has outlived itself. Empiricism in the design also will not give serious
qualitative changes in the future. As analysis shows, new approaches to machine design
should be applied, new materials should be used, reliability should be increased, and pa-
rameters should be balanced.

5 Conclusion

The basis for choosing priority areas for increasing the technical level of surface mining
machines is a functional criterion specific to each type of machine, as well as a set of indi-
cators selected depending on the degree of their influence on the performance of the respec-
tive machine. An analysis of the technical level of surface mining machines allows to con-
clude that its increase can be achieved through the development of scientifically based op-
timal design methods that allow to determine and optimally balance their parameters.
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