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Abstract. This article presents research of the operating parameters of a centrifugal disintegrating module when
processing rock mass. It consists of determining the dependence of the material degree of crushing on the rock mass
characteristics and the disintegrator operational parameters, using a physical research method. At the initial stage, the
percentage distribution of particle size classes of the material after grinding was established. It confirmed the feasibility
of using an additional screening surface in the form of a mesh, which significantly affects the increase in the percentage
yield of smalll classes of crushed material, namely classes -160 and =100 microns. It can be explained by the continuous
screening of the finished material product, which helps to improve the grinding process by eliminating the effect of
volumetric compression of the material. It was found, that the use of vibration when using a mesh is mandatory, since
the presence of vibration from the rotation of the rotors and the movement of air inside the grinding chamber were
insufficient for fine material screening. The main part of the research was to establish the nature of degree of the
material grinding dependence on three types of raw materials differing in strength and initial size, as well as the
amplitude of vibrations of the screening surface. It was determined, that the stronger is the source material, the lower is
degree of its grinding. But it should be taken into consideration, that for many natural materials, with increasing of their
strength, their fragility also increases, which improves grinding performance. Also, the larger pieces of material are
loaded into the disintegrating module, the greater is degree of its grinding. It is explained by the peculiarity of the
operation of centrifugal disintegrators, which use centrifugal forces to accelerate a piece of material with its subsequent
impact on the lining or oncoming flow of material, with the most optimal initial size of the material, for the given
dimensions and operating parameters of the centrifugal disintegrating module, is within the range A = 7-9 mm. It was
established that an increase within acceptable limits in the amplitude of vibrations of the screening surface leads to an
increase in the degree of grinding. In general, the conducted research confirmed the prospects of using a centrifugal
disintegrating module at the last stages of fine grinding in order to reduce energy costs and increase the grinding
fineness of rock mass.
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1. Introduction

Currently, there is an urgent need to find ways to solve the problem of developing
new grinding machines for the mining industry, since existing designs have proven
unable to meet the ever-increasing requirements for reducing energy consumption in
the grinding process. In this context, one of the very promising methods is the use of
centrifugal-impact disintegrators at fine stages of crushing and grinding. This
approach, based on centrifugal impact designs, has the potential to significantly
improve crushing and grinding processes, optimize energy costs and ensure more
efficient use of resources [1-3].

After analyzing the existing designs of disintegrators, as well as searching for
opportunities to reduce energy consumption during grinding, a two-rotor centrifugal
impact disintegrator was developed at the Institute of Geotechnical Mechanics of the
NASU and, during experimental research on it, the efficiency of its operation and the
prospects for use were confirmed [4, 5]. The advantage of this machine over single-
rotor centrifugal disintegrators is that with the help of two rotors the material flows
are directed towards each other in the central part of the grinding chamber. This
increases the proportion of shear deformations during the interaction of crushed
particles, which, in turn, can significantly reduce the energy costs required to destroy
the material.
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Subsequently, the two-rotor centrifugal impact disintegrator was improved by
converting it into a modular design. It allows for material processing and consists
directly of the disintegrator itself and a sieve installed under the grinding chamber
with a suitable mesh size, which screens the finished rock mass by size, preventing
excessive grinding [ 6]. This effect is achieved by installing a grinding chamber with
a sieve on shock absorbers and, under the influence of vibration exciters located on
the chamber body, vibration screening of the material is carried out, hence
significantly intensifying the grinding process. In the course of experimental research
of this design of a centrifugal disintegrating module, the nature of the influence of
technological parameters on its productivity and the expended drive power was
established, namely, the efficiency of sifting the rock mass in the centrifugal module
is in the range of 60+70%, depending on the separation size class and the density of
the processed rock masses. In this case, the productivity of the module increases by
20%, and with the use of vibration excitation of the grinding chamber - by 25-30%
[7]. At the same time, in this research, one of the main parameters of material
grinding was not disclosed, such as the degree of grinding of the rock mass A, an
indicator that characterizes the degree of reduction in the size of material particles as
a result of grinding processes; this parameter is important, since the industry requires
to obtain materials of a certain fraction or dispersion to achieve the required product
characteristics.

Based on this, the purpose of this work is to research the operating parameters of
a centrifugal disintegrating module, namely, to determine the dependence of the
degree of grinding on the characteristics of the material and the operating parameters
of the disintegrator.

2. Methods

When conducting experimental research of the operating parameters of the
centrifugal disintegrating module and determining the degree of grinding of
materials, a physical research method was used, consisting of the following
procedure:

° Preparation of material for grinding.

° Setting up the operation of the module, in which experimental parameters are
specified, such as centrifugal disintegrating rotor speed, vibration amplitude,
size and strength of the starting material, its quantity, grinding time.

> The material is crushed in the selected equipment in accordance with the
configured parameters. The grinding process is carried out for a specified time.

> Once the grinding process is complete, the material is removed from the
equipment.

> The crushed material is subjected to sieve analysis, where the sample is
screened through a series of sieves of different sizes.

> The data obtained is processed and analyzed to determine the average particle
size, distribution, degree of grinding and other characteristics.
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> Depending on the goals and scope of the experiment, the data may be subjected
to statistical processing, including the calculation of average values, standard
deviations, etc.

> The data obtained is interpreted taking into account the set grinding goals,
which makes it possible to draw conclusions about the effectiveness and
quality of the crushed material.

> The results are compared with existing grinding methods and material quality
requirements for specific scientific applications.

All stages of the experiment, parameters and results obtained are documented for

the possibility of their repetition and subsequent analysis

3. Results and discussion

Before conducting basic research to determine the degree of grinding of materials
under various conditions, it is necessary to research the percentage distribution of size
classes after grinding in order to establish the significance of changes in various
parameters and the advisability of using them for more detailed research.

For this purpose, marble was chosen as the initial material under research, with
the strength 0 =110 MPa and initial average size A= 8,5 mm (-10 +7 mm). The
mass of crushed material was m =0.5 kg, and grinding time t = 1 min. The rotor
speed was 3000 min™!, and vibration vibrations were created by two vibration exciters
IV-127-U2, of power 0,27 kW and rotation frequency o = 1500 min'. At the
beginning, the marble was crushed without a mesh, a plate was installed instead, then
vibration was added, with a vibration amplitude A = 3 mm. Next, a mesh size of 0.16
mm was installed and the vibration amplitude was A = 3 mm, then the vibration
amplitude was increased to A = 5 mm. The obtained data on the percentage
distribution of marble size classes after grinding are presented in Figure 1.
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Figure 1 — Percentage distribution of marble size classes after grinding
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When analyzing the data obtained, it is obvious that the use of a screening surface
in the form of a mesh significantly affects the percentage increase in the yield of
small classes of crushed material, namely -160 and -100 microns, the production of
which is the main task of fine grinding, which is explained by the continuous
screening of the finished product in the form of small classes material. This helps to
improve grinding by eliminating the effect of volumetric compression of the material,
which, with this type of impact grinding, reduces the performance of the
disintegrator. Adjusting the amplitude of module oscillations also affects the change
in the degree of grinding, although not to such a significant extent as using a mesh,
but also requires more detailed research.

Additional preliminary research was carried out with the installation of larger
mesh cells in the disintegrating module in order to determine the optimal
performance characteristics. It showed low grinding rates; this can be explained by
the fact that the crushed material simply did not have time to be subjected to repeated
exposure to disintegrating rotors but was immediately screened. In general, the size
of the sieve cells is selected depending on the requirements for the size of the finished
product, as well as the size of the rotors and their speed.

Experiments were also carried out on grinding material with a mesh without
vibration. However, they showed negative results due to the fact that the crushed
material lay in a layer on the sieving surface, and the presence of vibration from the
rotation of the rotors and air movement inside the grinding chamber were insufficient,
therefore the presence of forced vibration with these operating parameters of the
centrifugal disintegrating module is mandatory.

Based on this, it was decided to research three materials of different strength,
namely granite (c = 250 MPa), sandstone (¢ = 165 MPa) and marble (¢ = 110 MPa),
with different initial sizes A = 12,5 mm (-15; +10 mm); 8,5 mm (-10; +7 mm); 6 mm
(-7; +5 mm). All other parameters, such as the mass of the material, the grinding time
and the two different vibration amplitudes, were consistent with the previous
experiment.

First of all, the dependence of the degree of grinding A of material of various
initial sizes on its strength with and without a screening mesh was established, the
vibration amplitude was set to A = 3 mm, graphs of the results obtained are presented
in Figure 2.

This graph clearly shows an inversely proportional quadratic dependence of the
degree of grinding A of the material on its strength ¢ (MPa): the stronger is the
material the lower is degree of its grinding. At the same time, after increasing the
strength of the material from ¢ = 170-200 MPa there is a decrease in the influence of
an increase in the strength of the material on a decrease in the degree of grinding. It is
explained by the fact, that in most minerals, with an increase in their strength,
fragility and density also increase, which for centrifugal type disintegrating
equipment is a positive factor promoting grinding.

To display the dependence of the degree of grinding A of a material of various
strengths on its initial size A (mm), the graphs shown in the Figure 3 were drawn.
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Figure 2 — Graphs of the degree of grinding versus the strength of the starting material
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Figure 3 — Graphs of the dependence of the degree of grinding of the material on its initial size

When analyzing the obtained dependencies, a proportional quadratic dependence
of the degree of grinding A of the material on its initial size was established: the larger
pieces of material are loaded into the disintegrating module, the greater is degree of
its grinding. This observation is explained by the peculiarity of the operation of
centrifugal disintegrators, which use centrifugal forces to accelerate a piece of
material with its subsequent impact on the lining or oncoming flow of material. The
larger is the initial piece of material, the greater is the kinetic energy it acquires when
accelerated by the rotor. At the same time, based on the nature of the dependencies,
the most optimal initial material size for this installation is within the range A = 7—
9 mm.

Further research of the operating parameters of the centrifugal disintegrating
module consisted of determining the dependence of the degree of grinding of the
material on its technological parameters, namely the amplitude of the module’s
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oscillations, since the effect of changing the rotor shaft speed for centrifugal
disintegrators was researched in detail in previous research.

The tests were carried out, as in previous experiments, for three different types of
materials in terms of strength and three different sizes of the initial product, the
amplitude of vibrations varied within the range A = 3—5 mm. All other parameters
were consistent with previous experiments. Graphs of the obtained results are
presented in Figures 4 and 5.
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Figure 4 — Graphs of the dependence of the degree of grinding of a material on its strength at
different vibration amplitudes
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Figure 5 — Graphs of the dependence of the degree of grinding of the material on its initial size at
different vibration amplitudes

It becomes obvious, that the degree of grinding of the material is directly
proportional to the amplitude, based on the nature of the obtained dependences of the
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degree of grinding of the material on its strength and initial size, taking into account
the influence of the vibration amplitude of the grinding chamber with a sifting
surface. The degree of grinding increases together with an increase in the amplitude
of vibrations. The most significant effect of increasing amplitude on the degree of
grinding of the material is observed in the small and strong initial product. At the
same time, the use of a large vibration amplitude of the disintegrating module has a
negative impact on the structural and technological elements of a dynamically loaded
device, so there is no need for a significant increase in the vibration amplitude.

4. Conclusions

As a result of the conducted research, the significant influence of the use of the
screening surface of a centrifugal disintegrator on increasing the degree of grinding
was established. In particular, the use of a mesh makes it possible to increase the
degree of grinding by 30—40% with other parameters being equal and to increase the
yield of fine classes of materials (-160 and -100 pm) at processing of rock mass. It
was established, that the stronger is the material, the lower 1s degree of its grinding;
also, the larger pieces of material are loaded into the disintegrating module, the
greater is degree of its grinding. The influence of changes in the vibration amplitude
of the grinding chamber and the screening surface on the grinding process was also
determined; an increase in the vibration amplitude within acceptable limits leads to
an increase in the degree of grinding.

The practical significance of the results obtained are the confirming the prospects
of using the developed design of a centrifugal disintegrating module for processing
rock mass and the need to remove the finished material from the grinding chamber in
order to avoid its over-grinding and eliminate the effect of volumetric compression.
Based on this, recommendations for the practical use of the results obtained are to use
this design of a centrifugal disintegrating module at the last stages of fine grinding in
order to reduce energy costs and increase the grinding fineness of the rock mass.

The scientific value of the work carried out is determining the nature of the
dependence of degree of the rock mass crushing on its strength and the initial size, for
different vibration amplitudes, which will allow further mathematical processing of
the experimental results obtained in order to calculate the necessary technological
parameters of the centrifugal disintegrating module.
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AOCNIAXEHHA NAPAMETPIB POBOTU BIALUEHTPOBOIO MOAYNA
MPU NEPEPOBLI NPHUYOI MACH
LllesueHrko I.O., Tumos O.0., Cyxapee B.B., HonuwkiHa B.B.

AHHOTAaUjA. Y Ui CcTaTTi NpeacTaBneHi JOCNimXeHHs napaMeTpiB poboTh BiLEHTPOBOrO AE3IHTErPYYOro Moayns
npu nepepobui ripHnyoi MacK, Lo NoNsAraoTh Y BU3HAYEHHI 3aNEXHOCTi CTyneHs NoapibHEHHs MaTepiany Big xapakTe-
PUCTUK TiPHMYOI MacK Ta napameTpiB poboTW AesiHTerpaTopa npu BUKOPUCTAHHI (i3NYHOrO MeTody AOcnimkeHHs. Ha
no4aTkoBOMY eTani Byno BCTAHOBNEHO BiACOTKOBWI PO3MOAIN KMaciB KpYNHOCTI MaTepiany micns noapibHeHHs1, sike nigr-
BEPAMB JOLMbHICTb BUKOPUCTAHHS JOAATKOBOI NPOCiOBanbHOI NOBEPXHI Y BUIMAAI CiTKM, L0 iCTOTHO BnnuBae Ha 36i-
NbLIEHHS BIOCOTKOBOrO BMXOAY APiOHMX knacie nogpibHeHoro matepiany, a came knaciB -160 i -100 mkm. Lle nosicHro-
eTbCs 6e3nepepBHM BiLCIBAHHSM rOTOBOTO NPOAYKTY, WO CPUSiE NMOKPALLEHHIO NpoLecy nofpibHEeHHS 3a paxyHoK ycy-
HEHHs edbekTy 06'€EMHOro CTUCHEHHS MaTepiany. BcTaHOBMEHO, WO BMKOPUCTaHHS BibpaLji npu 3acTOCyBaHHi CiTkM €
000B'SI3KOBIM, OCKINbKM HasiBHICTb BibpaLii Big 0bepTaHHs poTOpiB Ta pyxy MOBITPS BCEpPEOMHi kamepn noapiOHEHHS
Oynn HegocTaTHI ANa npocitoBaHHs ApibHoaucnepcHoro matepiany. OCHOBHa YacTuHa LOCAimKeHb nonsrana y BCTaHo-
BMEHHI XapaKTepy 3aneXHOCTEN CTYMeHs noapibHeHHs maTepiany Bifd TPbOX Pi3HMX 3a MILHICTHO Ta BUXIAHOK KPYMHICTHO
BMAIB CUPOBWHM, @ TAKOX aMnAiTyau KonvMBaHb NPOCilOBaNbHOT NOBEPXHI. BU3HAYEHO, L0 YMM MILHILIUIA BUXIGHWN MaTe-
pian, TMM MeHLUMIA 11oro CTyniHb NOAPIOHEHHS, ane cnig BpaxoByBaTy, L0 Y BaraTboxX NpUpoaHMX MaTepianis 3i 36inb-
LUEHHSIM MILHOCTi 3pOCTae Ta iXHS KPUXKICTb, L0 MOKPALLYe NOKa3HWKM noapiOHEHHS. Takox, YimM GinbLui LWMaTku maTe-
piany 3aBaHTaXyTbCA B AE3IHTETPYHOYMA MOZYNb, TUM BiflbLLMA NOTO CTYNiHb NOAPIOHEHHS. Lle nosicHoeTbCS ocobnu-
BiCTIO pOOOTM BILEHTPOBMX AE3iHTErpaToOpIB, SIKi BUKOPUCTOBYIOTD BiALEHTPOBI CUMK ANSt PO3rOHY WMATKa MaTtepiany 3
Oro HaCTynHUM ygapom 06 yTepyBaHHs abo 3ycTpiyHuia noTik maTepiany. Mpu LboMy HanbinbLL OnTUMarbHa BUXigHA
KPYMHICTb MaTepiany, Ans AaHWX po3MipiB i napameTpiB poboTy BigLEHTPOBOro AE3IHTErPYOYOro MOAYNS, 3HAXOAUTLCS
B Mexax A = 7-9 mm. BCTaHOBMEHO, LU0 36iMbLUEHHS B MPUAHATHUX MEXax aMnAiTyau KonMBaHb NPOCitoBanbHOI nose-
PXHi NPM3BOAUTL A0 36iNbLUEHHSI CTYNEHs! NoApiOHeHHs. 3aranoM nNpoBefeHi AOCTIMKEHHS NiATBEPAUNA NEPCreKTUB-
HICTb BUKOPUCTaHHSI BiALEHTPOBOrO AE3iHTErpyoHoro Moaynst Ha OCTaHHIX CTafisiX TOHKOTO NOAPIOHEHHS 3 METOK 3HU-
XEHHS eHeproBuUTpaT Ta 36iMbLLEHHS TOHUHM NOMENY TPHUYOT Macy.

KntouoBi cnoB.a: ripHuya Maca, nogpibHeHHs), aesiHTerpaTop, CTyniHb NoapibHeHHs, BibpaLlis.
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