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Abstract. Reducing the costs of the transport component, reaching up to
50% or more of the total cost of the mined coal, is an urgent task that does
not require additional confirmation. Since the development of measures to
improve the purely technical indicators of motor transport at open-pit
mines is beyond the scope of the general study, we will limit ourselves to
the search for technological solutions that can have a positive impact on
the overall cost of production. This may include, for example, the search
for solutions to reduce the duration of the transport cycle and optimization
of its components. It is also necessary to study the possible changes in the
indicators of the transport technology of open-pit mining when using
classic open-pit dump trucks and autonomous heavy platforms (unmanned
open-pit haul trucks). The article presents an analysis of existing technical
and technological solutions and research on the use of unmanned transport
technologies. It is established that the parameters of transport technology
will change to some extent with the introduction of unmanned heavy
platforms, which will inevitably lead both to the correction of the existing
regulatory documentation, and a possible revision of the classical
postulates of open-pit mining.

1 Introduction

In open-pit mining of coal deposits, wheeled types of transport are traditionally used - road
and rail. Conveyor transport and hydraulic transport are not widespread for a number of
reasons; for example, in Kuzbass the main limiting factor is climatic. As the depth of open-
pit mining increases, rail transport loses its advantages and its use becomes unprofitable.
Therefore, in fact, the only type of transport currently in use is road transport.
Transportation costs make up to 50% of the total cost of the mined coal. Therefore, any
reduction of costs for the transport component is very urgent. A significant number of
scientific works by both domestic and foreign scientists, which cannot be mentioned in a
single article, are devoted to such issues; therefore, we will limit ourselves to a few [1-19].
Some of them are aimed at improving the conditions of movement of open-pit dump trucks
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in terms of changing the parameters of quarry roads; some of them are aimed at studying
the loading conditions with suggestions for its optimization; some of them are aimed at
establishing the mutual influencing factors of excavator-automotive complexes' work.
Recently some number of articles on research of open-cast mining technology with
unmanned haul trucks (in some sources they are also called autonomous heavy platforms)
have been noted. First of all, they concern the development of coal deposits; for Russia and
Kuzbass in particular, these issues are very important because of the significant share of the
coal industry in the list of extractive industries.

Analysis of the state of the issue

Apparently, the first works devoted to quarry unmanned vehicles date back to the mid-80s —
early 90s of the last century [20-22]. It is logical that the first developers and researchers
were specialists of large automobile concerns: Komatsu, Hitachi, etc. Further development
of the work was aimed at creating the overall structure of the complex, providing the full
functioning of quarry unmanned vehicles in the overall structure of the enterprise [23-34].
Figures 1-4 show the structural diagrams of the equipment operation, presented in the
mentioned articles.
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Fig. 1. General view of the quarry with unmanned transport [27]
On this figure: AHS — autonomous haulage system; GNSS — global navigation satellite system; IMU
— inertial measurement unit; LIDAR — light detection and ranging

As can be seen from Figure 2, industrial tests of such unmanned vehicles were carried
out not at the test site, but in real conditions of the existing open pit.

Further research was aimed at improving the safety level when using unmanned
vehicles and improving unmanned technologies.

However, it should be noted that the work aimed at improving the productivity of the
excavator-automotive complex, including by improving the organization of work, is
essentially sporadic.
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open-pit mines in Australia [27]
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Studying the components of haul truck driving time

The components of dump truck cycle time have been studied in sufficient detail, including
in [2, 3, 8, 11, 12, 14, 16]. In fact, their optimization can be reduced to the search for
technological solutions contributing to the reduction of one or another component.

Cycle times include:

1) Vehicle loading time. It depends on the bucket capacity of the excavator used, its
technological parameters (excavator cycle time), place of location for loading, parameters
of the technological scheme (bench height, angle of its slope, etc.), physical and mechanical
properties of the loaded rock.

2) Driving time (laden and unladen). Depends on the parameters of the longitudinal
profile of the quarry road (slopes), haul truck parameters (traction characteristics, maximum
speed, etc.), transportation distance.

3) Unloading time. Depends only on the parameters that characterize the speed of
raising/lowering the dump truck body.

4) Maneuvering time in the face. Depends on the qualification of the haul truck driver,
the scheme of feeding the vehicle for loading, waiting time.

It is hardly possible to optimize/reduce the driving time in any way without changing
the parameters and shape of the trace. Loading time depends on too many factors to talk
about optimization without a global recalculation of technology parameters. Maneuvering
time in the face can be changed with different schemes of transport feeding for loading -
with a pass-through scheme it is minimal, with a dead-end scheme it is maximal, with a
looping scheme it has an intermediate value. The problem is that almost everywhere used is
a dead-end scheme. There are several reasons for this, the main of which is to ensure the
minimum width of the working site in order to minimize the current stripping ratio. As the
size of haul trucks increases, more and more wide space is required for their turnaround by
the looping scheme of feeding. We do not consider the pass-through scheme, since its full
functioning requires, firstly, two ramps from the working bench, and secondly, sufficient
width of the working site to be placed on it not only the blasted rock mass, but also the
transport lane, which width even with single-lane traffic can be 15 m or more. Therefore,
the dead-end turnaround scheme, judging by all appearances, will remain the most
widespread in the near future at the open-pit mines.

In recent years, there have appeared projects of motor transport, which either has a
minimum turning radius (Fig. 5), or autonomous, working according to the shuttle scheme,
i.e. moving forward and backward with the same speed (Fig. 6). It should be said that it is
still just projects, i.e. implementation and serial production have not yet begun. In any case,
this indicates the high potential of this trend.
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Fig. 5. General view of a dump truck with five driving axles and synchronously turning wheels to
minimize the width of the turn area

Fig. 6. General view of Komatsu shuttle haul truck

Unfortunately, the information about applicability of such haul trucks in open-pit
mining is not yet presented in full and we can only make preliminary conclusions about the
potential applicability of this kind of equipment in certain mining-and-geological and
geotechnical conditions.

Conclusion

The data obtained by calculation [9, 12], definitely testify to some advantages, which will
have an unmanned haul truck when comparing its performance indicators with the open-pit
haul trucks of traditional design. Also, it will be necessary to recalculate the parameters of
transport technology of open-pit mining because of possible changes in federal norms and
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rules concerning the use of transport and its movement on the face, dumps and other roads
in the open pit.

The work is executed within the limits of the complex scientific and technical program of a full
innovative cycle "Development and introduction of a complex of technologies in areas of exploration
and extraction of solid minerals, maintenance of industrial safety, bioremediation, creation of new
products of deep processing from coal raw materials at consecutive decrease in ecological impact on
environment and risks for population life" (CSTP "Clean coal — Green Kuzbass") on event 2.5
"Development and creation of an autonomous shuttle-type dump truck with carrying capacity of 220
tons (JUPITER project)", with participation of T.F. Gorbachev Kuzbass State Technical University in
terms of research, development and technological works.
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