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KiroueBble ciioBa:

OYHCTHOM KOMOAIiH, ITHEKOBBIH
WCTIOJTHUTENIbHBIN OpraH,
CUMMETpHUYHAs cXeMa
pacmoioKeH!s: OpraHOB
BBIEMKH, [TOJI3€MHBIE TOPHBIE
paboThl, TOPHBIE MAIIHHEI

AHHOTALMS.

3amacel TBepOro TomuiMBa B EBporme, pacroyioeHHble Ha TiIyOuHe He
Oomee 1200 M, SKBUBAJICHTHHI TJI00AIbHOMY MOTpedieHUI0 EBpomoii
SHEpreTH4ecKoro tommsa Oonee yeM Ha 500 ser. IlpenmymiecTBo yris
KaK OCHOBBI 3HEPIreTHKU COCTOMT B TOM, YTO OH 3aJIeracT B 3eMJIC B
KOHLIEHTPUPOBAaHHOM  Buzae. Ecim  Bce  KOIMYECTBO  MHUPOBBIX
sHEpropecypcoB npupaBHATh K 100%, TO Ha 00 KaMEHHOIO YIJIs
npuxoautcs 70%, nedtu — 18%, raza — 7%, runposHepreTuku — 5%.
CyliecTByolmMe TEXHOJOTMU MOA3EMHOH MOOBIYM YIS IO3BOJIIOT
BBIHUMATh YTOJIb, IPAKTUYECKH HE HapyIlas MOBEPXHOCTU 3EMIIM U €€
sKkojorud. B Oymymiem momseMHOMY croco0y JOOBIYHM KOKCYIOLIErocs
yTI1s1 He OYyZIEeT anbTepHATUBHI.

B Gnmkaitmue 10-15 et mo6brva yrist OyeT Mpou3BOAUTHCS Ha IUIACTax
TOHKHUX, CpEeIHEH MOIIHOCTH W MOIIHBIX, I'ie KOMOAiHOBBIA CrIOCO0
OOBIYM CTaHET NPEBATUPYIOMINM KaK M0 00beMy JOOBMH, TaK H IO
Ka4ecTBY JOOBIBAEMOT'0 YTIJIsl.

IomzemHBIH crioco6 H0OBMM YIiIs B HACTOSINEE BPEMsI OPUEHTUPOBAH Ha
UCIIOJIb30BaHNE OYMCTHBIX MEXaHM3MPOBAHHBIX KOMILJIEKCOB, B KOTOPBIX
OYHMCTHOI KOMOalH — 3TO MalllWHA, OTAEISIOIAas MEXaHUUYECKUM ITyTeM
YToJIb OT MaccHBa IIacTa, Ipo0sIas ero 10 KyCKOB TPaHCIOPTaOeTbHOTO
pa3Mepa 1 HaBaJIMBaroIas yroyib Ha 3a001HbII KOHBEHep.

OT cOBepIICHCTBA KOHCTPYKLIMHM OYMCTHOrO KOMOaifHa 3aBHCHT
3 PEeKTUBHOCT, U SKOHOMHUYHOCTH IOJ3€MHOH BBIEMKH yriisi. B 3aboe
okos0 70 % sHeprum, pacxoayeMon Ha I0ObIYy YTIJisi, CBS3aHO ¢ paboToi
OUYHCTHOTO KOMOaiiHa.

B }IaHHOﬁ CTaTb€ MPOAHATIM3UPOBAHBI OCHOBHBIC KOHCTPYKIIUN OYHUCTHBIX
KOMGaﬁHOB Cco IITHEKOBBIMH HNCIIOJTHUTCIIbHBIMU opraHamMmu, ux
0COOEHHOCTH, IEPCIEKTUBBI PAa3BUTHSI OYMCTHOTO OOOPYIOBAHUS ISt
yroiapHbelx wwaxr Poccun. PaccMOTpeHbl NpakTHUYECKHUE IIPUMEDSI,
MOATBEPKJAIOLINE ONTUMAIBHOCTE CUMMETPUYHOM CXEMBI PACTIONOKEHUS
OpraHOB BBIEMKH I10 KOHIIaM KOPITyca MaIlluHbI.
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Abstract.

Solid fuel reserves in Europe, located at a depth of less than 1,200 m, are
equivalent to Europe's global energy consumption for more than 500 years.
The advantage of coal as the basis for energy is that it lies in the ground in
a concentrated form. If all the world's energy resources are equal to 100%,
coal accounts for 70%, oil for 18%, gas for 7% and hydropower for 5%.
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underground mining, mining The existing technologies of underground coal mining make it possible to
machines extract coal practically without disturbing the surface of the earth and its
ecology. In the future, there will be no alternative to underground mining
of coking coal.
In the next 10-15 years, coal mining will be carried out on thin, medium
and thick seams, where the combine method of mining will become
prevailing both in terms of the volume of mining and the quality of coal
produced.
The underground method of coal mining is currently focused on the use of
longwall set of equipment, in which a cutter-loader is a machine
mechanically separating coal from the seam, crushing it to pieces of
transportable size and pumping the coal onto a downhole conveyor.
The efficiency and cost-effectiveness of underground coal mining depend
on the perfect design of the shearer. About 70% of the energy consumed
for coal mining in the face is related to the work of the shearer.
The basic designs of cutter-loaders with auger executive bodies, their
features, prospects of development of the clearing equipment for coal mines
of Russia are analyzed in this article. The practical examples confirming
optimality of the symmetric scheme of an arrangement of executive bodies
on the ends of the machine frame are considered.

Introduction

In recent years, the economy of fuel and energy resources and coal in particular, has not improved
in the European part of Russia, and its underground development has deteriorated. In underground
mining, the cost of coal depends mainly on labor costs. Productivity growth could not compensate for
the increase in material costs, wages and social costs, and European coal is becoming one of the most
expensive energy sources [1].

World experience shows that underground mining of coal only up to 40-60% of reserves with the
leaving of supporting pillars (i.e. losses are known to be planned) greatly simplifies underground coal
mining, especially on seams with the thickness of 1.5 m and more, and makes it several times more
economical and safe.

At the same time, labor productivity increases 2-4 times. At the same time, there is a need for
fundamentally new solutions to open seams in order to drastically reduce the network of underground
workings (in particular, the method of development by operating blocks has been proposed) and new
technology and equipment for coal-face works.

Such measure will rapidly reduce the payback period for capital costs and operating costs of coal
production [2].

Overview section

In the Soviet Union, and later in Russia, a significant number of works by well-known scientists
are devoted to the problems of mining and tunneling equipment. In particular, the works [5-26] studied
the arrangement of augers on cutter-loaders.

At present, there are a number of different schemes of cutter-loaders with auger executive bodies,
which have found application both in the Russian Federation and abroad.

For example, the scheme of a single auger cutter-loader designed for the full thickness of the seam
and located stationary and asymmetrically relative to the body of the combine is shown in Figures 1 and
2.

Control of seam thickness is carried out by means of interchangeable augers of various diameters,
control of seam gypsometry — by lifting or lowering of the combine. This is a single-acting machine,
however, is possible to ensure its shuttle operation by means of removable stripping devices. The main
advantages of this scheme are its small overall dimensions in length, the ultimate simplicity of design,
the ability to shuttle work. The disadvantages of the scheme are the lack of smooth regulation of the
screw on the thickness of the seam and the inability to fully excavate longwall. Similar scheme have

TEXHUKA U TEXHOJIOI'MA TOPHOI O JIEJIA. 27 ISSN 2618-7434
2020. Mel. C. 26-41



Kantovich L.I., Klementyeva I.N., Kuziev D.A.

Design and technological capabilities DOI: 10.26730/2618-7434-2020-2-26-41
of modern cutter-loaders: overview

combines KSV-60 (Czech Republic), EW 60-G, EW 100-G, SE-IV (Germany), SL 250 (USA) and
others, which received a limited area of distribution.

The schematic of a single auger mounted on a swing-arm handle is shown in Figures 3 and 4.

Figure 2. Scheme of coal seam extraction by single auger cutter-loader

These cutter-loaders have a two-way operation scheme. The auger removes the top pack of coal
seam in the forward direction and the bottom pack in the reverse direction. Combines with this
arrangement are simple in design. The main disadvantages of this constructive scheme are the
impossibility of simultaneous coal extraction at the whole seam thickness and the need to have one niche
at the end of longwall. These drawbacks affect productivity of all complex of the equipment. The similar
scheme have combines KSV-33 (Czech Republic), KWB (Poland), EW 130-L (Germany) and others.
Such machines have also received rather limited application.
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Figure 3. Cutter-loader equipped with a single auger mounted on a swing-arm handle

Figure 4. Scheme of coal seam extraction by cutter-loader equipped with a single auger mounted on a
swing-arm handle

In combines with three augers (see Figures 5 and 6), the two lower augers are fixed on the body of
the combine, and one — the upper auger — is placed on the oscillating handle. The three-screw shearers
ensure that coal is excavated at full seam thickness. The main advantages of such a scheme are the
possibility of self-cutting of the combine and, if necessary, to obtain a stepped shape of the cut, which
increases the stability of the latter. Due to its disadvantage — difficulty of access to the area between the
lower augers — this scheme has not been implemented (K58 type cutters).

Symmetrical scheme of the combine with four augers, arranged in pairs at the ends of the machine
(see Fig. 7 and 8), provides coal extraction at the full thickness of the seam, as well as self-cutting of
the combine (combines 4K52, K105, K120).

The disadvantages of such a scheme are: a complex design of the combine and difficult access to
the area between the augers. As a rule, the machines are used on medium and thick seams.

The most common are combines with two screw actuators (see Fig. 9-16).
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The augers can be arranged asymmetrically or symmetrically with respect to the shearer body. In
case of asymmetrical arrangement, one of the augers can be fixed permanently to the shearer body and
the other to a swing (oscillating) arm that provides the seam thickness control, as shown in Figures 9
and 10 for 2K52M, EHW 100-G combines (Germany).

Both augers can be attached to the oscillating handles, as in the case of 1K101 (see Figures 11 and
12).

Figure 6. Scheme of coal seam extraction by cutter-loader equipped with three augers
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Figure 9. Cutter-loader equipped with two asymmetrically mounted augers
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Figure 10. Scheme of coal seam extraction by cutter-loader equipped with two asymmetrically
mounted augers
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Figure 12. Scheme of coal seam extraction by cutter-loader equipped with two augers asymmetrically
mounted on swing-arm handles

Such a scheme provides good coal mining at all seam thickness, shuttle operation scheme, good
conditions for coal loading. However, a niche is required at one end of the longwall.
The asymmetrical scheme of the combine with two augers is shown in Figures 13 and 14.
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Figure 13. Cutter-loader equipped with two asymmetrically mounted augers

o]

Figure 14. Scheme of coal seam extraction by cutter-loader equipped with two asymmetrically
mounted augers

Both augers are mounted on swing-arm handles. The augers are brought closer together to provide
a shorter, loose strip length in the self-cutting area and are offset to one end of the machine. In contrast
to the scheme 10, the augers are facing in different directions. This arrangement of the machine requires
a niche at one end of the longwall. KSH1KG, KSH3M and other cutter-loaders have such a scheme.
This scheme has not been widely used.

Figures 15 and 16 show a cutter-loader with two augers arranged symmetrically relative to the body
of the combine on swinging arms [3].

In this case the cutter-loader works according to the shuttle scheme and extracts coal to the whole
seam thickness — shearers AT-1, K103, 1GSh68, K128P, KWB-6 (Poland), KSW-200 (Czech Republic),
DTS-300 (France), AB16/200 (England), EDW-300L (Germany), etc.

Practice has confirmed optimum and perspective of the symmetric scheme of an arrangement of
digging units on the ends of the machine body. Such a scheme of the combine has great opportunities
for a high degree of unification of the functional units (assembly units) of the combine: electric motors,
main gearboxes of the cutting part, rotary gearboxes, screw excavation bodies, feeders with wheel
motions of rack and pinion type, control units, support and guiding mechanisms, mechanisms for lifting
and lowering augers, creating on their basis a unified series of original designs of two-auger machines
that cover the entire range (in terms of thickness) of the developed machines.

On the basis of coal shearers with two screws symmetrically located in relation to the body of the
combine, which are most widespread in Russia and abroad, OMT OJSC ("Giprouglemash™) has
developed a number of such shearers.
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Figure 15. Cutter-loader equipped with two symmetrically mounted augers
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Figure 16. Scheme of coal seam extraction by cutter-loader equipped with two symmetrically mounted
augers

Coal combine K500 of OJSC "OMT" design (see Fig. 17) is a machine made according to a
prospective block-module scheme (see Fig. 18) with a transverse arrangement of all electric motors,
excluding the use of bevel gears in the gearboxes of screw drive units and gearboxes of chainless feed
mechanisms [4].

The machine is designed for mechanized coal mining in long stripping faces of flat and slightly
inclined seams with the thickness of 1.6-3.5 m when working with a dip angle of up to 35° with coal
cutting resistance up to 360 kN/m. For the first time in the domestic shearer are used: in rotary handles
— rotating loading boards with hydromechanical control, hydro-controlled upper fencing boards, as well
as high-pressure irrigation. Torsion shafts are installed in the auger drive unit, reducing low-frequency
load fluctuations and simultaneously being safety elements.

The Nizhny Novgorod plant of OJSC NMZ produced the first prototype of the combine in 1996,
which passed the full scope of bench tests at the Malakhovsky experimental plant, was accepted by the
acceptance committee and sent for operational tests at the Zapadnaya mine of Production Association
Intaugol. Tests were carried out in 1997 on the seam with the thickness of 1.6-1.7 m with an angle of
occurrence up to 19° as a part of complex 3KM 138]I.
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Figure 17. Cutter-loader K500 designed by OMT
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Figure 18. Block-module scheme of the cutter-loader (basic units and mechanisms)

As a result of the tests carried out, the advantages of the shearer's design scheme with transverse
arrangement of electric motors, which provides access to the equipment from the side of worked-out
space, as well as a number of basic technical solutions, were fully confirmed.

After the tests, the drawings were corrected by Giprouglemash. In addition to hardening parts of a
number of units on the modernized shearer was installed a new control equipment — KUUK500, created
by Tula Machine Building Plant under the leadership of G.D. Misailov, head of the department of
Giprouglemash. The modernized shearer was purchased in 2000 by Vorgashorskaya mine and passed
industrial tests. After that the cutter-loader was left at the mine for further operation. The Acceptance
Committee recommended the K500 cutter-loader, KUUK500 control system and all electrical products
for industrial production.

Subsequent shearers of this series, manufactured to the order of the mines by Nizhny Novgorod
Machine Building Plant, are operated in the Pechora coal basin and are constantly improved by
Giprouglemash and the plant.
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OMT 0JSC together with Yurginsky Mashzavod LLC developed a working design of the K500
combine. Later on, Yurginsky plant decided to deal with the combine on its own and the first prototype
of the combine of its production K500Yu (see Fig. 19) was sent in 1997 to the mine "Zyryanovskaya"
in Novokuznetsk.

In recent years, the Russian coal mechanical engineering industry has undergone significant
changes as a result of which the volume and range of produced extracting equipment has changed. The
production of machines is becoming individual, taking into account specific mining-geological and
mining-technical conditions of operation. At modern highly productive coal enterprises the tendency to
concentrate mining operations, decrease the number of mining faces up to the system "mine - seam" or
"mine-longwall” appeared. Implementation of this idea is impossible without increase of productivity
of coal-mining complexes and, consequently, of separate machines, including coal-mining shearers.

Figure 19. Cutter-loader K500Yu designed by Yurga machine-building plant

The study of operators' requirements at the advanced enterprises has shown the need to create a
domestic combine, first of all, for medium and thick seams, providing a stable load at the level of 10
thousand tons per day and able to compete in terms of technical level, reliability and price with combines
of leading foreign companies.

On the basis of the above, OMT OJSC made a decision in 2003 to create a new model of a combine
for development of seams having thickness 2.2-4.3 meters, named K600.

When developing the K600 combine (see Fig. 20), the experience of creating the K500 block-
modular combine was used, which is in production at Nizhny Novgorod and Yurga machine-building
plants. Giprouglemash also used the experience of foreign companies: JOY, Eickhoff and others.

Today the supplier of the K600 cutter-loader is OMT OJSC. All components and parts are delivered
to Kiselevsk, where the shearer is assembled at OMT's mining equipment plant, and bench tests of the
units and the machine as a whole are performed. The first sample of the K600 cutter-loader was
manufactured in 2005.

The next modification of the K600 shearer is the K700 cutter-loader (see Fig. 21). Cutter-loaders
type K700/1140 OMT are designed for extracting coal seams with a thickness of 1.8-4.2 m with an
angle of slope of up to 35° on the stretch and up to 10° on the rise and fall, with coal cutting resistance
up to 420 kKN / m, dangerous for dust and gas. The cutter-loaders are equipped with electric drive feed
mechanisms based on electromagnetic brakes. Gearboxes of cutting and feed are protected from
dynamic loads.
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Figure 20. Cutter-loader K600 designed by OMT

Combines have a block design of the main components, local and remote control via radio channel,
control equipment that provides:

- supply voltage control and correct phase sequence;

- diagnostics of mechanisms and operating modes of the combine;

- chronological information (by code request) about operating modes;

- fixing of emergency modes in the "Black Box" unit.

Figure 21. Cutter-loader K700/1140 designed by OMT

In January 2012 in the Kiselevsk branch of OJSC "United Machine-Building Technologies" the
presentation of a new cutter-loader K800/3300 (see Fig. 22), designed, constructed and manufactured at
this plant, took place. The uniqueness of the K800/3300 cutter-loader is in the fact that the voltage of
3300 V is applied here, which allows to increase the reliability of the switching electrical equipment
operation due to the current loads reduction. This sample was delivered for further use at the mine in
Rostov region.
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Figure 22. Cutter-loader K800/3300 designed by OMT

Improvement of mining equipment and creation of necessary production facilities for the coal
industry of the Russian Federation will allow ensuring technical progress in the field of equipment and
technology of underground mining of coal deposits, as well as reducing the technological impact of
mining on the environment.

Conclusions

The analysis of the current state of constructions and prospects of development of cutter-loaders
showed that:

- the high level of unification, the possibility of assembly and repair by the aggregate-unit method
are provided by frame structures of machines at their symmetry;

- optimal in terms of layout are twin-auger cutter-loaders with the arrangement of augers with
individual electric drive at the ends of the body and electric chainless feed system with frequency
controlled speed;

- in order to securely hold the cutter-loaders in flat and inclined seams during forced stoppages or
emergency power outages, the engine blocks must be equipped with normally closed brakes;

- optimally designed twin-auger cutter-loaders virtually have no power limitations of up to 1000
kWIt;

- in the long term, it is advisable to increase their energy efficiency, taking into account the reserve
of 15 to 30% of their drive power.
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