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MINING EQUIPMENT AND TECHNOLOGY OF THE FUTURE

The retrospective analysis revealed the causes of stagnation and major deficiencies in mining engineer-
ing. The need to change the old conservative scientific doctrine to the progressive new was proved. Exam-
ples of new technical solutions and technologies of mining equipment (frontal roadheader, auger excavation
aggregate, mine hoisting and drainage system) and the forecast of the mining development is made.
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Introduction

A retrospective analysis of the state and the
historical development of the mining industry
has shown that the first stage of its development
is an advanced outpost of the science and tech-
nology development. However, so far in this
industry there are clear signs of stagnation. Sci-
entists of many countries considered the state of
the mining industry from different perspectives
and offer their predictions for its future devel-
opment [1-5 etc.]. At the same time, most of
these publications were devoted to discussion
primarily organizational and economic prob-
lems. The concrete proposals were often ne-
glected to change the base of the mining indus-
try - its technology and equipment. Now the
period of changing the technological structures
of the world economy has come. It requires
high-quality («jump») changes in the principles
of mining production processes.

The aim of the article is to analyze the
causes and to predict the perspective directions
of mining machinery and technology develop-
ment in the transition of global economy to a
new (sixth) technological order. To do this, lets
identify the technical contradictions responsible
for the stagnation arising of the mining industry
development, the main relics, outdated (relic)
solutions inherent to mining equipment and
technology and to develop ways their overcome
on a new conceptual framework. Thus, compli-
cated unresolved problem stands before mining
industry on selecting alternative ways of devel-
opment which, figuratively speaking; turn to

uncompromising struggle of old and new scien-
tific doctrines.

Struggle between old and new scientific
doctrines

Looking at the technical side of the prob-
lem, we highlight the following main draw-
backs of the mining industry:

- mining industry destroys the environment;
pollute it with mine waters, methane emissions
and gas and waste rock dumps, dramatically
affects the water balance of the territory;

- an unacceptably high level of danger and
emergency operations because of the ineffi-
ciency of ventilation, heat, and dust distur-
bances regime, frequent rock collapses and the
destruction of the lining, the dangers of fires,
explosions of gas and dust, flooding, etc.;

- mining equipment and systems have a
large mass and spending energy, do not meet
the principles of automation, mechatronics,
do not provide manless technology and work
organization;

- technological schemes of opening, prepa-
ration and development of deposits are un-
necessarily diverse and complex, require the
use of a wide range of specialized equipment
and a large part of manual work;

- miners are in extremely unhealthy condi-
tions (temperature extremes, dust, noise, vi-
bration, bad lighting, air and water pollution),
labor operations belong to a high category of
intensity, are carried out in a forced position
of the body (often lying and crawling), in im-
posed by mining machines pace.



ISSN 2077-1738. Coopnux nayunvix mpyoos I’ OVBIIO JIHP «Joul ' TY» 2017. Ne 5 (48)

HAYKHW O 3EMUIE

Overcoming major technical contradictions
in the mining industry lies on the way-out of
the inertia vector of thinking inherent in exist-
ing nowadays the old conservative doctrine of
mining technology.

The old conservative doctrine of mining
technology uses:

- inertia vector of thinking: the outdated
ideas and principles of mining, relics of the
techniques and technologies;

- the concept of the extensive development
of individual elements of the technology and
techniques (increase of power, weight, size,
speed, power availability, etc.)

- incremental improvements in traditional
technical solutions aimed at eliminating "bot-
tlenecks".

The inertia of thinking still dominates
among manufacturers, designers and scien-
tists and contributes to the preservation of rel-
ics and technical solutions, technical snow-
balling accumulation of contradictions, mak-
ing them irresistible. We believe such techni-
cal relics are: cutters for breaking rocks, rails
underground transport, pipe for drainage and
ventilation, ropes in the hoisting, cables in
power supply and for communication, forced
mining ventilation, a huge complex surface,
cyclicality in technology, etc.

The history of the development of techni-
cal systems has proven that attempts to over-
come the technical contradiction based on
traditional approaches cannot succeed and are
fateful. It should be "flexible thinking" as the
key to success in rapid changing of industry
environment, e.g. mining companies need
new basic solutions.

Based on the analysis of status and trends
of mining industry development, we offer a
new scientific doctrine, which involves:

- identifying, understanding and overcom-
ing a qualitatively new level of accumulated
technical contradictions;

- use of the concept of intensive develop-
ment of mining machinery and technology,
changing the essence of technology and de-
sign principles of the engineering;

- the rejection of the existing relics of tech-
nical solutions, a fundamental change in the
existing conventional approaches and beliefs, to
overcome the "inertia vectors" of thinking;

- the transition to using the mechatronics
and automation principles in mining equip-
ment, to providing secure, manless, in-line and
environmentally friendly mining technologies.

Currently, there is a sharp struggle of these
alternative scientific doctrines, the outcome
of which depends on the development of the
mining industry in the medium and long term.
As examples, we present some solutions of
mining equipment and technology to meet the
requirements of the new scientific doctrine.
These examples are special technical solu-
tions in a number of design and technological
researches carried out in the Donbass State
Technical University.

Frontal mining intelligent roadheader
«MIR»

Roadheaders [6] should be referred to as
one of the basic types of mining equipment.
Their extensive development has led to the
emergence and consolidation of the following
disadvantages: manual control and inability to
being automated, absence of unification (a
wide variety of types and modifications), poor
adaptation to changing geological conditions,
lengthy preparatory and final operations, low
availability factor (0.5 ... 0.7) and time use
index (0.2 ... 0.4). The cutting tools are out-
dated and have become one of the main
brakes of roadheaders’ improvement.

The main technical contradiction in this di-
rection of mining machinery development was
a functions discrepancy of executive cutting
tool (equipped with incisors) and pressure (in
the form of caterpillars) roadheader bodies car-
rying out the requirements of high-speed pene-
trations of the inclined and curved mining
workings [6]. Existing roadheaders have been
difficult to automate, they are not suitable for
hard rock (f>5..7) and inclined workings,
heading rate is less than 200 ... 300 m / month.
High dust content, noise and vibration are oc-
curred in the workings face.
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Figure 1 Frontal mining intelligent roadheader «MIR» (view of the working unit)

Based on the analysis of work and overcom-
ing the inherent combines technical contradic-
tions, we have developed the frontal mining
intelligent roadheader «MIR» (Fig. 1) with a
radically new arrangement for the streaming
automated heading technology for horizontal
and inclined (+ 30°) workings in rocks of any
hardness (up to f= 20 or more) with a rate of
50...100 m/ day (1500 ... 2000 m / month.).

The main structural differences of the road-
header "MIR" are the working unit in the form
of a base’ diaphragm with the augers and run-
ning cutters. The augers are rotated by high-
torque voluminous hydraulic motors on a "sta-
tor-wheel" scheme from the pumping station.
Propulsion of the roadheader is made of a
walking type hydraulic jacks and base plates.
The roadheader operates automatically under
computer control.

The advantages of the roadheader «MIR»
are safety and comfort working conditions
(dust, vibration, temperature are excludied),
continuous streaming technology, full automa-
tion of the work using the principles of mecha-
tronics; versatility on any type of rock hard-
ness and type of workings, simplicity and
cheapness of construction; cutting of hard rock

by cutters due to high (200-300 ton) thrust
forces on the working face, the absence of ex-
pensive and bulky gears (no shafts and tooth-
ing); accuracy in keeping contour and prede-
termined heading route, high maneuverability
(turning radius up to 10 m); a high heading
rate (50-100 m / day), increase of labor pro-
ductivity 7-12 times; reducing the cost of drill-
ing 3-4 times, a payback period of less than 4-
6 months.

The frontal aggregate of the screw coal
mining (AFSM)

The main role in coal mining production on
modern mines belongs to a shearer and a plow
operating in a working face under the protec-
tion of the powered roof supports. The cutters
are used as a cutting tool [6]. Disadvantages of
this technique are much the same as that of the
roadheaders with incisors.

To solve the problem of a manless coal
mining with the help of streaming technology,
we have developed the frontal aggregate
AFSM (Fig. 2). It has excavation and delivery
auger, working body with running cutters. The
switchboards fence is fixed on augers. It elimi-
nates the coal loss and the possible dilution by
falling rock.
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Figure 2 The frontal aggregate of the auger mining coal AFSM

The aggregate creates a thrust on the coal-
face and is moved by thrust rollers. They can
roll on the ground of a coal seam. Rolling cut-
ters on augers produce effective frontal cut-
ting of a coal face, at the same time reducing
the resistance to rotation of the augers (rolling
bearing effect).

Moving speed of the frontal aggregate is
about 0.05 ... 2 mm/ s. Due to the compact of
aggregate and its high speed (to 50 ...100 m /
day) is not need for fixing the coal seam roof,
which turns into a smooth descent mode.
Miners are not required in the lava and venti-
lation is not necessary.

The advantages AFSM include: manless
mining, streaming and continuity of the coal
mining productivity, full automation, high
capacity 150-200 t / h of coal from the lava,
which has 100 meters in length, a neutral gas
environment without ventilation of lava, sim-
plicity and low cost of the aggregate con-
struction, it is possible to extract thin coal
seams from 0.4 m with angles of dip from 0

to 40-50 degrees, short the payback period
of up to 1 month.

Ropeless hydrojack hoisting and pipless
drainage (HJHD)

Modern mining hoist [7] has serious fun-
damental deficiencies that preclude its use for
mining enterprises of the future: a large mass,
insufficient carrying capacity and reliability
of the rope; low efficiency factor (0.4 ... 0.5)
and low productivity; cyclical operation, the
complexity of automation.

Mining hoist problems can be resolved by
eliminating the rope, which became the main
vector of the thinking inertia [7]. To this end,
we have developed an alternative and, at first
glance, an unusual solution to this problem -
ropeless hydrojack hoisting and pipless drain-
age. It includes (Fig. 3) lifting cans about 1 m’
in the form of 2 columns of boxes and their
propulsion system is a hydraulic cylinders.
They stand at the reference stations in on the
distance 120 ... 250 m along the shaft and move
cargo and empty columns along the rails.
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Figure 3 Ropeless hydrojack mining hoist and pipeless drainage: a rotary line
a) in the shaft when loading boxes by the ore or mine water, b) on the surface at their unloading

Hydraulic cylinders operate continuously
and automatically. They are connected to the
stationary pumping stations at the surface. The
lifting boxes are filled with bulk water or coal
on the lower horizon by an automatic rotary line
(area about 3 m’) and the cargo' column is lifted
at a rate 0.2 ... 0.3 m / s at the mine surface
where compact (area also 3 m’) automatic ro-
tary line unloads boxes. Columns of empty
boxes are lowered down at the same rate. Pro-
ductivity the new mine hoist only in one shaft
exceeds 20 thousand t / day and does not de-
pend on the depth of lift. It allows a fulfil drain-
age for mine and fully refusing pumps, pipes,
sophisticated drainage equipment, underground
pumping cameras and so on. Specific energy
consumption 1.8 ... 2.2 times lower, hardware
and maintenance is cheaper 3—4 times.

Conclusions

As part of the new scientific doctrine, we
offer new design solutions for achievement of
energetically self-sufficient and environmen-
tally "clean" mining companies:
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Pempocnexmugnvim ananuzom vis6aeHbl NPULUHBL MEXHUYECKO20 3ACMOs U OCHOBHbIE HeOOCAMKU
eopuoti npomviiunennocmu. Iloxazana HeoOXo0uUMOCmb 3amenbl cmapoll KOHCEPEAMUGHOU HAYUHOU
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npomucaosocmi. llokazana HeoOXIOHICMb 3aMiHU CMAPOI KOHCEPBAMUBHOT HAYKOBOT OOKMPUHU HA HOBY
npoepecusHy 0OKmpuHy. Jano KOHKpemHi npukiaou HO8UX MEXHIYHUX PiuleHb | MeXHON02il 015 SIpHU-
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