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Abstract. The article is an in-depth analysis of the production process of facing stone from
durable rocks, especially granites. He considers not only mining technology, but also the
development of new thermal tools used to effectively remove rocks during the processing, grinding
and extraction of block stone. Rational methods of processing and extraction of block stone and
the design of thermal devices for the destruction of hard rocks during processing and extraction of
block stone are described.

The methods and tools used to create such structures are discussed in detail, as well as the
improved energy characteristics that make them an effective tool in production. This method helps
to improve the overall productivity of the mining process by increasing the more accurate and
efficient formation of cracks in rocks and, consequently, increasing the productivity of the block
stone mining process. This aspect is especially important in the field of surface stone production,
which requires high productivity and precision processing of the material.

In addition, the analysis and developments presented in the article can significantly improve
the efficiency of the mining and processing of rocks, which will contribute to the development of
the industry and improve the quality of products. As a working body, a mechanized unit of a stone-
cutting machine, new designs of thermal tools with high energy characteristics have been
developed and manufactured.

Keywords: rock, fuel-air thermal tool, stone-cutting machine, fuel components,
performance.

Introduction. In modern industry, the stone processing process plays an important role,

especially in the production of block stone from durable rocks such as granite. One of the key
aspects of this process is the effective use of thermal stone cutting tools used to break down rocks
and produce block stone. This study is devoted to the analysis and development of such thermal
instruments in order to increase their energy characteristics and efficiency in production processes.
In this introduction, an overview of the existing methods and designs of thermal instruments is
given, as well as the goals and objectives of the study are formulated.

Materials and methods. The development of facing stone deposits is distinguished by a
number of features that make it possible to allocate such quarries to a special group of mining
enterprises. [1-3] as stated in the literature, these features are:

a) the need to maintain its main quality indicators in the process of stone production (i.e.
strength, cloudiness and decorative properties);

b) the use of special methods for separating stone blocks from the quarry, their loading,
transportation and lifting from the quarry;
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¢) the use of unique options for field discovery methods and development systems.

The first feature determines the specifics of the work of quarries for the production of block
stone. It creates conditions for both funds and the organization of mining. Everything is subject to
the preservation of the integrity of the stone. The experience of quarries shows that even with the
correct use of cracks and micro - orientations of minerals, the outflow of large blocks from the
rock mass rarely exceeds 25-30%, and the rest of the rocks are household stone, small blocks, etc.

In the organization of work in a quarry, knowledge of the anisotropy of the array structure
is of great importance, which must be taken into account when choosing methods and direction of
development. Anisotropy of the structure of arrays is observed in granites, which facilitates the
division of the stone into certain directions.

Two methods are mainly used to obtain facing stone:

1. From the pegs of a stone block using wedges. Method-holes are drilled along the fracture
line, then steel wedges are hammered into them, a strong mechanical blow is applied to them. This
method is more time-consuming [4].

2. Thermal cutting of stone with fire jet. This method is distinguished by high speed,
relatively low cost, high quality of work.

Let's dwell on the second method in more detail. The thermal approach to surface treatment
and burying of cracked excavations in the granite massif, introduced into production, significantly
increased the efficiency of work. There was an opportunity to additionally open a monolithic
prepared for breaking. The groove in the monolithic blasting array is carried out using a thermal
well when it is opened in four planes. The monolith prepared for breaking remains connected by
an array of single vertical and horizontal planes. In addition, the horizontal plane is selected at the
place of passage of the natural transverse crack. Such a technological cutting scheme contributed
to the preservation of the integrity of the Stone, the yield of blocks increased to 25-40%. However,
the basis of the technology remains the presence of natural horizontal cracks [5].

The main tool for digging grooved fossils in granite arrays are hand-held gasoline-air
burners. With such burners, it is possible to dig grooved fossils only in the vertical direction.

The depth of the excavations is mainly 1.5-3 meters, although there are known examples of
burrowing excavations at a depth of five or more meters. With manual burners, it is difficult to
carry out excavations at depth, it is difficult to control them.

In accordance with the terms of reference, a laboratory sample of a machine of a new design
is designed and manufactured — a stone thermal cutting unit. Technical requirements include
design simplicity, serviceability, safety requirements in operation, ensuring the high performance
of the new design of the machine.

According to the terms of reference, the installation for thermal cutting of stone consists of
a thermal cutter, connecting pipes, a compressor, a fuel and air supply system, a transport and
supply system. The power characteristics of the unit, including granite, are based on the fact that
it provides a cutting speed of at least 50 mm/min.

The transport and transmission system is subject to requirements for the dimensions of the
working space: the length of the horizontal displacement is not less than 4000 mm and not more
than 20000 mm; the magnitude of the vertical displacement is not less than 6000 mm, the turns of
the cutter in the vertical plane are not less than 180°. For installation, an electromechanical drive
is required, which provides a given speed of movement with step adjustment. The weight of the
cutter should not exceed 20 kg.

Research results. As a working body, we developed improved updated designs of
thermodynamic instruments (TRV-60, TRV12M). They are equipped with thermodynamic
nozzles that allow you to increase the energy parameters of the burners. Industrial tests of these
tools were carried out. The following technical characteristics were obtained: air consumption — 5
m3/min, fuel consumption (gasoline/diesel fuel) — 15 I/h, nozzle diameter — 13 mm, nozzle
diameter — 20 (22) mm. As a result of the test, the length of the torch torch is 25 cm, the volume
processing capacity is 4000 cm®/ min.
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Also, design options for thermal cutters VR-80 were developed (fig.1) and its analogue TR-
60.

Figure 1-Thermal tool BVR80
1-distribution head, 2-combustion chamber, 3-nozzle, 4-gasdynamic nozzle, 5-extension pipe,
6-combustion chamber back cover, 7-air spinner, 8-injector

In the presented schemes, the shape and location of the injectors, the length of the
combustion chamber, the size of the holes for air movement during cooling, etc. changed.

The most difficult thing in solving the problem of mechanized cutting is to obtain a stable
production of cracks in sections of the granite massif with the addition of dark-colored minerals
and other bedrock. The heterogeneity of the composition along the cutting line leads to an uneven
production rate of holes in depth. When cutting with manual thermal tools, the situation does not
make it difficult to pierce the hole, since in this case the uneven speed of movement of the tool is
easily set.

It is very difficult to ensure an automatic speed control system due to the uneven movement
of the working body of the stone cutting machine by laying and thermal destruction of rocks in the
deposit. The actions of such solutions occurred during the creation of firing drilling machines, in
which the problem of adjusting the feed speed of the thermobur depending on the speed of the face
is solved, i.e.the problem of maintaining the optimal distance from the cut of the burner nozzle to
the ledge. Reliable and simple transmission speed control systems have not been found [6].

We have developed an experimental stone cutting unit for digging vertical grooves. This is
a cart on which all the movement drives of the working body of the machine are installed. The cart
moves along the cutting line along the rail track. A bracket with a guide carriage is installed on the
trolley, in which a bar with a thermoresack is attached to the hinged supports. In the same carriage,
a thermorezac rotation drive is installed (Figure 2).
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Figure 2-Structural diagram of a machine with a thermodynamic working body

So, the thermal cutter can move along the cutting line together with the cart, rotating around
its axis. The speed of movement of the thermorezac along the cutting line is adjustable in the range
of 0.25-1.5 cm/s. the recoil speed is constant and is 20 rpm. the rotation angle is adjustable in the
range of 90-150 degrees. After each turn, the thermorezac descends to a depth of up to the size of
the fossil.

The drive of movement in each direction is different. The BVR-80 thermorezac is installed
as the working body of the stone cutting machine.

Technical characteristics of thermorezac BVR-80.

Fuel component costs:

- air, m®/ min-18-20.

- gasoline, kg / h-35-40.

- burner diameter, mm-60.

Longitudinal feed of the thermocouple. The feed speed of the thermal tool is regulated by a
variator. Changing the number of revolutions of the leading roller. The wiring diagram for
controlling the longitudinal supply of the heat tool provides for an automatic reverse and a time-
adjustable stop after each working stroke, which allows you to get a vertical wall at the end of the
crack. The stop at the end of the reverse and stroke is carried out using the end switches. The
wiring diagram provides for stopping and turning on the feed of a carriage with a thermal device
from the control panel of the buttons.

Discussion. The use of gasoline-air burners as working bodies of mechanized thermal units
is limited to a relatively low power, with an increase in which their overall dimensions, as well as
the small dimensions of the torch, quickly increase (0.1...0.15 m) when using the scheme of
processing the torch along the entire length of the torch - "strip source”. According to this
processing scheme, the gas flow of the burner is directed parallel to the surface to be treated and
buried inside the rocks by 0.3. The diameter of the burner nozzle is 0.5. Compared to the contact
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point of the kerosene-oxygen thermal tool, the contact point with such a reactive rock is 2 or more
times smaller, so the processing performance is quite low.

However, due to the ease of operation and nutrition of fuel components of gasoline-air
thermosetting devices, their use as working bodies of mechanized installations is relevant.
Increasing the power of gasoline-air thermosetting devices without significant development,
setting their overall dimensions and increasing the flame of the burner, the dimensions of the
treated surfaces of stone products (board stones, stairs, etc.) will be possible due to the
intensification of combustion processes.

One of the means of intensifying the combustion of free Jets outside the nozzle cut is the
combustion of incomplete combustion products of a mixture enriched with fuel by removing
atmospheric air. When using heavy fuel mixtures in thermosetting devices, it is necessary to
improve the way the burners are lit.

As a working body, we have developed a new design of a thermodynamic tool, the scheme
of which is shown in Figure 3. In this scheme, it is recommended to alternately use two nozzles
that allow you to maintain the temperature of the nozzle in such a way that it does not exceed the
permissible one, which increases the service life of the latter [7].

8 ( nozzle B)

8 ( nozzle A)

Figure 3-thermal cutter for stone cutting with two nozzles
1-thermocouple, 2-combustion chamber, 3-distribution head, 4-injector housing,
5-air drill, 6-fuel fitting, 7-nozzle housing, 8-replaceable nozzle,

9, 10, 11, 12, 13, 14 — mechanism for turning and switching nozzles

We have developed a vertical thermal cutting device design that can improve the cutting
quality and performance of the stone cutting process by increasing the rigidity of the thermal
cutting pipe at large cutting depths and reducing the weight load of the thermal cutting pipe to feed
the roller [8-10].

The use of the presented device increases the rigidity of the thermal cutter pipe when
performing the operation of cutting the stone array, especially in the downward length of the pipe.
At the moment, the depth of the forward movement of the pipe is 6 M or more. The high rigidity
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of the pipe prevents the thermal cutter from making oscillatory movements under the influence of
the gas flow, which makes it possible to create a uniform and uniform profile of stone cutting,
which increases the quality of the stone array cutting process.

Also, the tension force of the cable reduces the effect of the weight force of the pipe and
cutter on the feed rolls, which greatly reduces the slip of the pipe in the rollers when the pipe and
cutter are raised up, especially when they are raised quickly.

The characteristics obtained are presented in Table 1.

Table 1-The main technical characteristics of the machine for cutting grooved fossils in an
array of rocks with an electric drive

Name Apparently
Cutting width not less than, mm 80
Cutting length not less than, mm 20000
Cutting depth not less than, mm 6000
Fuel type diesel
Consumption not more, I/hour 50
Oxidizer air
Thermocouple, length, mm 4000 - 7000
Weight not more, kg 25
Cutting speed on granite at least, mm/min 50

Conclusion. The experiments carried out found that the resulting gap is more than 7
centimeters wide, which is larger than the external dimensions of a standard thermorezac.

In this regard, a special device was developed for the machine, equipped with a powerful
thermodynamic working body.

This device is designed to carry out grooved workings, ensuring uniform movement of the
machine in horizontal and vertical directions.

This approach allows you to optimize the block stone mining process, improving the overall
performance of the mining process, while ensuring more accurate and efficient formation of gaps
in the rocks.
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Bykaesa A.3.1, Huy-Tuan Pham?
LIl Ecenos amvinoaser Kacnuii mexnonozusnap jscane uH*CUHUPUHS YHUSEPCUMENt]
Axmay x, Kazaxcman
2Xo I1Iu Mun mexnono2uanvix scane binim 6epy ynusepcumemi, Boemuam
BJIOKTBI TACTBI KECYTE )KOHE OHJIEYT'E APHAJIFAH TEPMUSAJIBIK
KYPAJIJAP/JbI TAJIJIAY

Anoamna. Maxana Oepik Tay >KbIHBICTApbIHAH, dCipece TPAaHUTTEPACH KalTaJFaH TacCThI
OHJIIpY MpOLECiH TepeH Tanaay Ooisin Tadbuanbl. O TEK Tay-KeH TEXHOJOTHSICHIH FaHa eMec,
COHBIMEH KaTap OJIOKTHI TaCThl OHJICY, TETICTEY KOHE ally MPOIIECIHIE Tay KBIHBICTAPBIH THIM/II
YKOIO YIIIIH KOJIJAHBLIATHIH JKaHA TePMUSIIBIK KYPAIIap IbIH TU3aiHBIH J1a KapacThIpaasl. BIOKTHI
TacThl OHJICY/IH JKOHE OHIIPY/IH YTBIMIBI 9MIiCTEpl kKoHE OJIOKTHI TacThl OHJCY KOHE OHIIPY
Ke31H/Ie KaTThI Tay )BIHBICTAPBIH OY3yFa apHAIIFaH KbUTy KYPaIJapbIHBIH JU3aiHBI CUTIATTAJIFaH.

MyHnalt KypbUIBIMAApABI jKacay YIIIH KOJIJaHBLIATBIH 9/IiCTEp MEH Kypasijgap, COHAal-aK
oNappl OHJIIpICTEe THIMAI KypaliFa alHaIIBIPaThIH JKAKCApTBUIFAH SHEPrHs CHUIATTaMalaphbl
erKel-Ter kel KapacTelpbliaZbl. by ofic Tay KbIHBICTapBIHIAFbl CaHbUIAYJAPAbIH AQJIpEeK
XKOHE THIMJI KAaJbITAaCyblH apTThIPy AapKbUIbI, Tay-KeH NPOIECIHIH Kbl ©HIMAUIH
JKaKcapTyFa KOMEKTeCe/I1, COHABIKTaH OJIOKTHI TacThl OHAIPY MPOIIECIH KOTEPY MYMKIHIIKTEP/Ii
Oepeni. byn acmekr, ocipece, MaTepuanibl OHACYIIH JKOFaphl OHIMAUIITT MEH IONIITIH KaKeT
eTeTiH OETKI TacThl OHJIIPY CaJIaChIH/Ia 6TE MAHBI3/IbI.

CoHBIMEH KaTap, Makala/ja YChIHBUIFAH Ty MEH d3ipJieMesep Tay KbIHBICTAPBIH OHIIPY
JKOHE OHJCY MPOIECIHIH THIMIUIITIH edyip apTThipa anaabl, Oy CalaHblH JaMyblHAa JKOHE
OHJIIPUICTIH OHIMHIH CaracklH apTThIpyFa bIKMal eTe/i. KyMbIC Opranbl, TaC KECETiH MallTMHAHbBIH
MeXaHUKaJlaHJBIPbUIFAH arperatbl PeTiH/e KOFapbl SHEPTeTUKAJIBIK CUIIaTTaMaiapbl 0ap >KbuTy
KYpaJAapbIHBIH KaHa KOHCTPYKIUSIAPHI TalbIHIABII )KacaJIbl.

Kinm co30ep: Tay >XbIHBICHI, OCH3MH-aya TEPMOKYpaibl, Tac KECKIIl MalllhHAa, OTHIH
KOMITOHEHTTEP1, OHIMILTIK.

Bykaesa A.3.1, Huy-Tuan Pham?
LKacnuiicxuii ynusepcumem mexnonoauii u unoscunupunea um. L Ecenosa
2. Akmay Kasaxcman
2Xo IlIu Mun mexnono2uueckuii u 06pazosamenvHulii ynugepcumem, Boemuam
AHAJIN3 TEPMUYECKUX HUHCTPYMEHTOB U1 PE3KU 1 OBPABOTKU
BJIOYHOI'O KAMHS

Annomayusn. Ctatbs IpeACTABISIET COOON YIITyOJICHHBIM aHAIN3 MPOIEecca MPOU3BOJICTBA
OOJMITOBOYHOTO KaMHsI M3 MPOYHBIX MOPOJ, 0COOCHHO rpaHuToB. OH paccMaTpUBaeT HE TOJIBKO
TOPHOJIOOBIBAIOUIYIO TEXHOJIOTHIO, HO U pa3pabOTKy HOBBIX TEPMHUECKUX HHCTPYMEHTOB,
UCTIONB3YEMBIX ISl 3(G(EKTHBHOTO YJOAJICHHUS TOPHBIX TIOpOI B Tpolecce 00paboTKH,
nuM¢oBaHUS U M3BJICUEHUs OJ09HOrO KaMHs. OmucaHbl pallMOHAIBHBIE METOJIBI 00pabOTKU U
M00BIYM OJIOYHOTO KaMHS M KOHCTPYKITUS TETUIOBBIX MPUOOPOB ISl pa3pyIISHUS] TBEPIBIX TTOPOT
pu 00paboTKe U T0OBIYE OJIOYHOTO KaMHH.
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[ToapoOHO paccMaTpUBAIOTCS METOIBI U MHCTPYMEHTBI, UCTIOIb3yEeMBbIe [T CO3aHUS TAKUX
KOHCTPYKIIMH, a TaKkKe YIy4IICHHbIE dHEPTeTHUECKUE XapaKTEPUCTUKH, KOTOPHIC NENAI0T UX
3QPEKTUBHBIM HWHCTPYMEHTOM B IPOM3BOACTBE. DTOT METOJA IMOMOTaeT YIy4IIUTh OOLIYIO
MPOU3BOUTEIHHOCTD MpoIecca JOOBIYM 3a CUET YBEIUYCHHS 0ojiee TOYHOTO M 3 (HEKTUBHOTO
O6pa3OBaHI/I}I H.Ie.]’[eﬁ B TOPHBIX MOpOJAax H, CJICAOBATCIIbHO, MOBBIIICHUA ITPOU3BOAUTCIBHOCTU
nporiecca J00bIYM OJIOYHOTO KaMHs. DTOT acleKT OCOOEHHO BaKEH B OOJIACTH MPOU3BOJICTBA
MIOBEPXHOCTHOTO KaMHS, KOTOPBIH TpeOyeT BBICOKONH NPOM3BOIUTEILHOCTH W TOYHOCTH
00paboTKK MaTepuaa.

Kpome Toro, amanus u pa3pabOTKH, MPEICTABICHHBIE B CTAaThe, MOTYT CYIIECTBEHHO
MOBBICUTh A()PEKTUBHOCTH TIpoliecca TOOBIMM U TEpepadOTKH TOPHBIX TOPOA, 4YTO Oyaer
CIOCOOCTBOBATh PA3BUTHIO OTPACIHM M TOBBIIICHUIO KAaueCTBa MPOM3BOIMMON NpoAaykuuu. B
KadyecTBe pabouyero opraHa, MEXaHH3UPOBAHHOTO arperara KaMHEpe3HOH MalIWHBI pa3padoTaHbI
U HU3rOTOBJICHBI HOBBIC KOHCTPYKIHWH TCPMOUHCTPYMCHTOB C BBICOKMMU OSHCPIrCTHUYCCKUMU
XapaKTePUCTHKAMH.

Knrouesvie cnosa: ropHas mopoja, OCH30BO3IyIIHAS TEPMOWHCTPYMEHT, KaMHEpe3Has
MallmHa, TOTTMBHBIE KOMIIOHEHTHI, IIPOU3BOAUTEIBHOCTb.
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