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Abstract. The object of study was the rescue complex for carrying out high-speed workings of
small section, the main task of which is to evacuate miners caught in an accident. The aim of
the work was to determine the parameters of the rescue complex, part of which is a mechanized
walking support. Laboratory studies of walking support parameters were carried out to
determine the actual value of the coefficient of resistance to movement (Krs). It is established
that the movement force of the section-jointed walking lining is based on the mass of its parts,
size and physical and mechanical properties of the side rocks and roof, expressed in the steady
state by an exponential dependence on the time and step of the advance. And the experimental
value of the drag coefficient of the walking lining is in the interval of 3-5.

1. Introduction

Coal is a mineral that is used as a fuel, a raw material for the metallurgical and chemical industries.
Taking into account current trends, when alternative sources of energy are actively promoted, coal is
still the most important resource in the energy balance of many countries of the world, in particular,
China, India, the USA, Russia [1]. Despite the advantages and enormous contribution to the
development of mankind, this type of fossil is one of the main sources of pollution of the planet, and
its mining is accompanied by the most difficult working conditions and risks for the life of miners.
Accidents at coal mines are caused by the inconstancy of mining and geological conditions, the
presence of flooded areas at the field, explosive coal dust, the tendency of coal to spontaneously
ignite, the methane abundance of workings and the increase in natural temperature of the coal, as well
as violation of safety rules during mining operations leads to group fatal accidents.

In order to prevent emergency situations in coal mines, professional training of miners for mining
operations is provided, excavations are equipped with high-tech equipment and effective emergency
protection systems are used. Figure 1 shows that these measures to prevent accidents significantly
reduced the accident rate in coal mines, but the task of saving people is still relevant [2].

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
BY of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.
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Figure 1. Dynamics of mining, fatal injuries and accidents in the coal industry in Russian mines [2].

Figure 2 shows a time-based rescue operation schedule in the event of an accident at a coal mine
that occurred on October 23, 2003 at the Zapadnaya-Kapitalnaya mine, in which water broke through
in the main skip shaft of the mine [3], as a result of which 46 workers were blocked underground
mine.

The rescuers arrive Rescue development manually by rescuers (108 hours) Miners rescue
ar17.45 at 16.45 at 03.45

Report of the accident]

at 16.40

22102003 2.0 2510 210 271 2810 2910 30102003
Figure 2. Time-based schedule of rescue operations at the Zapadnaya-Kapitalnaya mine.

In order to evacuate the blocked miners by the rescuers, it was decided to undergo a rescue tally of
60 m in length from the drift from the neighboring Komsomolskaya Pravda mine to the conveyor drift
of the Zapadnaya-Capital mine. The crash was done manually, the fastening was carried out with
wooden frames. The rescued workers were in a very serious condition, the slightest delay in the
sinking, most likely, would not allow to save people. Therefore, in this case the presence of rescuers
special equipment for high-speed penetration shoyka as a driving machine consisting of prefabricated
units quickly facilitated type, would significantly reduce the time spent saved working in extreme
conditions.

For mines, the creation of a rescue complex based on the following principles is relevant:
- the entire complex consists of quickly assembled units of lightweight type, the transportation and
assembly of which is carried out by 1 or 2 rescuers;
- the speed of evacuation making by the rescue complex is higher than when carrying out the
production by hand. The use of a rescue complex will significantly reduce traumatic situations for
rescuers at risk.

2. Methods and means of rescue operations of mines

Carrying out high-speed workings of a small section is the main method of rescuing people from
localized zones after accidents at mines. In addition to carrying out workings of a small section to
evacuate the victims, the workings were also used to supply air and livelihoods to miners who got into
the obstruction. In some cases, in addition to carrying out horizontal evacuation workings, it is
advisable to conduct vertical wells from the surface. Further expansion of the vertical well allowed
one to evacuate people from the dam area. This is proved by the experience of conducting such
operations at the mine of San Jose, Chile [4, 5]. Patents are known for the design of rescue complexes
and sets of equipment for performing such operations, however, they are not manufactured in industry,
therefore a very urgent task is to create a rescue complex for high-speed penetration of workings of a
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small section consisting of quickly assembled lightweight assemblies that facilitate the transportation
and assembly of the complex , which ultimately will increase the speed of rescue operations.

3. Development of design and parameters of the rescue complex

3.1. The design of the rescue complex.

Figure 3 shows the possible layout of the complex with a medium-resistant roof. The tunneling
machine 1 produces rock breaking by a shock executive body. At the same time, the roof above the
combine is held by a mechanized walking support 2. The rock is transported, for example, by belt
loaders 3. The ventilation of the output is carried out with the help of ventilation pipes 4 and a local
ventilation fan. Fastening production made frame support 6, the installation of which is carried out by
the lining placer 5. The design of the frame support 6 is protected by a patent, the main advantage of
which is the speed of its deployment from the transport position to the working position and
installation in the coupling [6].

7 2 5 & 3 [}

4o

Figure 3. The layout of the rescue complex.

The driving unit of the rescue complex is equipped with interchangeable actuating devices: a crown
with incisors for processing fragile and soft rocks (coal); percussion executive body for processing the
face of increased strength. Also, if in the area of the complex there are damaged metal structures,
additional executive bodies are used: hydraulic shears, a diamond circular saw, a breaker. The quick-
changeability of the executive bodies ensures a high speed of work flow. The design of the rescue
complex is patented.

3.2. Computer modelling.

To study the parameters of the complex, an imitation model of work has been developed using the
following basic formulas:
- calculation of the processing time of the face:

T vV Sl

tion — ~ — o~ h’ 1
forma Qt Qt ( )

where V - the volume of the worked out space, m?; S - cross sectional area (S=3m?);| - the depth of the
worked out space (1=0.5m); Q: - technical productivity, m*/ h;
- calculation of the cycle time of walking mechanized support:

Tcycleofwalking = tl +t2 +t3 +t4 +t5 +t6 (2)
where t; — t3, ts — ts — the time required for lowering, moving, raising the head and end parts of the
powered roof support (Teycle of walking=0.028 h);

- calculation of the rate of penetration of the i-th cycle:

LC
= —, /h, 3
U T n ()

C
where: Lc- the length i-th cycle (Lc=0.5 m);
- determination of the driving time of the 100 m long connection:
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where Leonnection - length of the connection (Leonnection =100 m), v, - the rate of penetration of the i-th

cycle, Neycle - NUMber of cycles (Neycie =200).
For unstable roofing and increased hardness of rocks in the face, the calculation of cycle time:
TC = Tforma\tion + Tcycleof walking +T +T h’ (5)

support
+T +T + T preparatoy — the time of formation of the face, the cycle of
walking, the support of the connection, the preparatory operations (the sum of the time for pulling up
the conveyor and increasing the ventilation pipe). If combined T and T used the
longest time 7,10 SiNce there is no need for frequent fixing of a stable roof, the step of installing

the arch support is 1m, thus I=Lc=1 in the formulas (1, 3).
The simulation was performed according to the following algorithm (Figure 4).

It
T Input: S=3m’ Leonneciion =100 m;
L =0.5m; Hewele =200, Aeyelei =1
N

preparatoy !
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Figure 4. The flowchart of the rescue algorithm.

The simulation results are presented in Figure 5, from which it can be seen that the use of the
rescue complex will significantly increase the speed of evacuation development, compared with the
manual labor of mine rescuers. Even in difficult geological conditions, when the rock composition of
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the face changes and there is a need for frequent changes of the executive body, the rate of penetration
of the rescue complex is at least 2 times higher than the speed of evacuation sledging by rescuers after
a uniform slaughter (f = 2) using minimum technical equipping.

O, mic
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0.0004 /VWW

0.0003

02.0002
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0.0001
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Figure 5. The graph of the rate of rescue development and its length when sinking through non-
uniform slaughter: 1 — using a rescue complex with interchangeable actuating devices (crown,
impact); 2 — using manual labor of mine rescuers with minimal technical equipment (carrying out
rescue development by a division of the Rostov region at the Zapadnaya-Kapitalnaya mine); 3.4 —

the average rate of penetration of the rescue mine when using the rescue complex and manual
labor of rescuers.

3.3. Justification of the parameters of the rescue complex.

In order to calculate and select the parameters of the units of the complex, it is necessary to establish
the power and geometric parameters of the hydraulic cylinders as the main element of the rescue
complex. To determine the main parameters of the hydraulic cylinder, the following relationship is
used:

F=fi-k:-G =k G, (6)
where f; - friction coefficient; krs- the coefficient of resistance to movement; G - weight of the lining
model, N.

Figure 6 shows a laboratory bench for determining the actual friction coefficient.

Figure 6. The flowchart of the rescue algorithm Laboratory bench to determine the actual value
of the friction coefficient (kres): a — using limiting partitions; b — without the use of limiting
partitions; ¢ — measuring equipment.

Figure 7 shows a plot of the displacement force versus the weight of a loaded lining model, the
values of which are obtained as a result of laboratory research.
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Figure 7. The graph of the advancing force of the weight of the loaded model of lining.

From Figure 7 it follows that for limestones, krs=3-5. Using the coefficient of proportionality (kp),
obtained with the mass ratio of the lining sections of the complex (G) and the model (Gmodet) kp =
G/Gmogel = 4000, the force needed to move the loaded part of the section can be determined.

The determination of the diameters of the pistons of hydraulic cylinders and the required pressure
in the hydraulic system is determined by the obtained values of the force F. Figure 8 shows the
nomogram for determining the power and geometric parameters of hydraulic cylinders.

F, kN

[ | /

2000 /
N 1500 = —=20 MPa
25 MPa
\ / 32 MPa
, 1000 40 MPa
50 MPa
\ / 63 MPa
8= fyes = 3
——s00 e = 4
/ Foss =

G, kN 400 300 200 100 0 100 200 300 400 d, mm

The weight of the loaded section The diameter of the piston cylinder
of the mechanized walking support

Figure 8. The nomogram of determining the parameters of the hydraulic cylinder advancing walking
support, depending on the force of the weight of the section, taking into account the different number
of rocks on the perimeter (with different coefficients of motion resistance kres) [7-9].

The load on the hydraulic cylinder
mechanized walking support

So, for example, with a weight force of a section equal to 100 kN and k=5, to ensure movement
of the support section, the hydraulic jack must develop a force equal to 500 kN (taking into account
the friction forces on the lateral rocks and the additional load on the floor from the weight of the rock).
The support section is moved by two hydraulic jacks, therefore the force of one must be taken 250 kN;
with a working pressure of the oil station of 20 MPa, the diameter of the pistons of the shifters of the
slide is 125 mm.

4. Conclusion

The developed complex for rescue operations (evacuation tunneling) at coal mines, at enterprises
engaged in underground construction for various purposes, allows working at a speed of at least 18 m /
day for rocks with a coefficient of strength = 6. This is no less than twice as efficient as with manual
penetration of a rescue ship. The developed simulation model makes it possible to determine the
timing of the workings of the rescue complex for arrays of any complexity, which allows predicting
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the implementation of rescue work and selecting the necessary components of the complex for its
high-quality work. Equipping the mine-rescue units with such complex will reduce the time for rescue
work, which in some cases will lead to the rescue of workers who would suffer if they were rescued
manually.

Acknowledgments
This research was supported by St. Petersburg Mining University in 2018, St. Petersburg, Russia.

References

[1]  Statistical Review of World Energy. Date Views 22.11.2018
www.bp.com/content/dam/bp/business-sites/en/global/corporate/pdfs/energy-
economics/statistical-review/bp-stats-review-2018-full-report.pdf

[2] The program for the prevention of violations of mandatory requirements for 2018-2020. Coal
Supervision Authority. Date Views 05.01.2019 www.gosnadzor.ru/industrial/coal

[3] Pelih S G, Rodimov V V, Borjazjak V E, Shapovalov V P 2005 Analysis of engineering
solutions for saving people in the mines “Zapadnaya-Kapitalnaya” Gornyj Informacionno-
Aanaliticheskij Bjulleten 2 191-193

[4] Fiscor S 2010 Rescuers work to free chilean miners Eng. and Mining J. 211(8) 24-26

[5] Kral S 2010 Remarkable rescue unfolds Mining Eng. 62(9) 96

[6] Yungmeyster D A, Urazbakhtin R Yu 2017 IOP Conf. Ser.: Earth Environ. Sci. 87 092032

[7] Gamez-Montero P J, Salazar E, Castilla R, Freire J, Khamashta M, Codina E 2009
Misalignment effects on the load capacity of a hydraulic cylinder Int. J. of Mechan. Sci. 51
105-113

[8] Yong X, Yang J, Shang J, Xie H 2015 Design and optimization of a new kind of hydraulic
cylinder for mobile robots Proc. of the Institution of Mechanical Eng., Part C: J. of
Mechanical Eng. Sci. 229(18) 3459-3472

[9] Stebnev AV, Buevich V V 2017 Improvement of performance indicators of hydraulic drive of

props of powered support units of heading complexes Journal of Mining Institute 227 576-581



