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Abstract. Dehydration of mineral raw materials on a vibrating screen occurs as a result of the passage of liquid
through the cells of the screening surface. With fine and ultrafine screening, this process is hindered by the surface
tension of the liquid. None of the screening theories makes it possible to determine which vibration excitation modes
ensure dehydration.

With the help of numerical experiments on a mathematical model, the influence of vibration excitation modes on the
intensity of the passage of liquid through the cells of various screening surfaces during dehydration on a vibrating screen
was studied. In doing so, two tasks were solved: 1) determination of the amplitude and frequency of vibration excitation,
when the required balance of water and the size of the cells of the screening surface are set; 2) determination of the
remaining water on the screening surface depending on the cell size of the screening surface, the amplitude and
frequency of vibration excitation. The developed mathematical model made it possible to solve both problems. On the
basis of calculations and analysis, rational range of mode parameters of the vibrating screen for effective dehydration of
various screening surfaces was established. The calculation algorithm is implemented on the basis of a mathematical
model in the PC program «Sifting Surface» in C ++ with the connection of mathematical libraries and «Excel». The
results of calculations, demonstration of the possibilities of various screening surfaces and modes are shown in the
figures, which show the dependences of the residual water on the amplitude and frequency vibration excitation
parameters. It is established that the vibro-impact effect, in comparison with the harmonic effect, provides better results
in cleaning the cells from the liquid retained in them by surface tension forces, under less intensive modes.

The results obtained will be used in the development of a mathematical model of dehydration and a method for
calculating technological parameters that ensure effective removal of liquid during fine and ultrafine screening of mineral
raw materials, as well as to determine the rational design and dynamic parameters of the screen.

Keywords: dehydration, liquid surface tension, harmonic and vibroimpact vibration excitation, amplitude and
frequency of vibration excitation, mathematical model.

1. Introduction

As a result of the activities of industrial enterprises on the territory of Ukraine, a
huge amount of watered fine-grained waste has been accumulated, which, due to a
significant amount of a useful component, are, in fact, man-made deposits [1, 2]. One
of the ways to extract a useful component from technogenic raw materials is their
separation by size on a screening surface [3-5]. However, in the presence of water
and with a decrease in particle size, the processing of raw materials becomes more
complicated. Dehydration requires efficient equipment [5-8].

One of the components of the process of dehydration of mineral raw materials on
a vibrating screen is the passage of liquid through the cells of the screening surface.
When screening in a class less than the capillary constant, this process is significantly
hampered by surface tension forces [9—11], which are overcome due to dynamic
action. None of the screening theories makes it possible to determine which modes of
vibration excitation provide dehydration [11]. In this regard, it is important to know
what mode parameters make it possible to overcome the surface tension forces acting
in the cell of the screening surface and effectively remove water from them, and the
problems associated with these solutions are undoubtedly relevant.
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2. Methods and results of previous studies

In the IGTM of the NAS of Ukraine, in laboratory conditions, the influence of the
design and vibration excitation modes on the intensity of the passage of liquid
through the surface cells, which was characterized by the relative mass of water (%)
remaining on the surface during the time of reaching the stationary value, was
experimentally studied on a screen model with harmonic and vibro-impact excitation
of the screening surface, [10]. The experiments were performed on various screening
surfaces in the form of a sizing woven mesh (steel or polyamide) with different hole
sizes, lying on rubber bands-strings or metal rods, a supporting polypropylene mesh,
under which there were rubber bands-strings or metal rods (design options). We used
steel and polyamide meshes with square cells /p = 0.63, 0.1 and 0.05 mm. The
influence of mode parameters (amplitude 4 and frequency v) on the change in the
amount of remaining water W on various screening surfaces was studied under
harmonic and vibroimpact excitation. The research results are given in [10].

Based on the analysis of experimental results by the least squares method,
regression equations were obtained that describes this process [11]. The created
mathematical model of dehydration of the screening surface of the screen allows you
to calculate the amount of water remaining on various screening surfaces depending
on amplitude and frequency of vibration excitation or determine the parameters of
vibration excitation to achieve the required dehydration indicators. At the same time,
rational range of mode parameters, under which effective dehydration of the
screening surface is ensured, was not established.

The purpose of this work is to determine the rational range of the mode
parameters of the vibrating screen for effective dehydration of various screening
surfaces by numerical experiments.

3. Theoretical and experimental parts

To designate a screening surface (design options), a record is adopted that
includes four positions separated by a hyphen. They respectively indicate the initial
letter of the material from which the mesh is made, the size /y of the side of the square
hole in millimeters; the letter Sup is indicated in the presence of a supporting mesh,
the letter S is written when the string ribbons are installed. In the case when the
equation describes the residual water on the screening surfaces St-0.05, St-0.05-S and
St-0.05-Sup-S, the designation S-0.05-G is used, where the last letters are an
abbreviation for the word «generalized».

An example of the designation St-0.63-Sup-S — the screening surface consists of a
steel mesh, in which the side of the square hole is 0.63 mm, a supporting mesh and
string ribbons.

In the accepted notation for vibro-impact excitation, R and H (abbreviations for
the words rods and hammer) are accepted for screening surfaces in the position after
the cell size. For example, the record P-0.05-R-H means a polyamide mesh with 0.05
mm square holes, under which the rods and the hammer are installed.

When calculating the parameters of the process of dehydration of the screening
surface, the following tasks are given:
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1) the required water balance W and the cell size /y of the screening surface are set
— it is necessary to calculate the amplitude 4 and the vibration excitation frequency v;

2) to determine the remaining water W on the screening surface depending on the
cell size /y of the screening surface, the amplitude 4 and the vibration excitation
frequency v.

The developed mathematical model allows solving both problems.

The calculation algorithm is implemented on the basis of mathematical model in
the PC program «Screening Surface» in C ++ with the connection of mathematical
libraries and «Excel».

4. Results and discussion

We will study the possibilities of dehydration of various screening surfaces and
the influence of mode parameters with the help of numerical experiments on the
mathematical model.

During the studies, the operating parameters were varied: amplitude from 1 mm to
5 mm, frequency from 10 Hz to 60 Hz.

Task 1.

The required water balance W is set.

Initial data:

screening surface S-0.1-R-H — steel mesh, rods, hammer,

required water balance W = 5%,

the mesh size of the screening surface /o = 0.1 mm.

It is necessary to calculate the amplitude 4 and the frequency of vibration
excitation v, which will provide the required balance of water.

To do this, we use the regression equation for the screening surface S-0.1- R-H
[4].

To automate the solution of this problem, we use the built-in function «Search for
a solution» of the MS Excel spreadsheet processor.

As a result of the calculation, we obtain: to reduce the residual water to W = 5%,
vibration excitation modes with the following parameters are required: amplitude 4 =
2 mm, frequency v =31 Hz.

Task 2.

The cell size Iy of the screening surface, the amplitude 4 and the vibration
excitation frequency v are given. Let us determine the remaining water W. To
automate the solution of these tasks, we use the spreadsheet MS Excel.

The results of calculations, a demonstration of the possibilities of various
screening surfaces and modes are shown in fig. 1-7, which shows the dependence of
the remaining water W on the parameters of vibration excitation of amplitude 4 and
frequency v on various screening surfaces during dehydration on vibrating screen.

As can be seen from fig. 1, complete removal of water from the screening surface
St-0.63-G is realized at amplitudes 4 above 1 mm and frequencies v over 40 Hz.

For dehydration of the St-0.05-G screening surface (Fig. 2), more intense
vibration excitation modes with amplitude 4 of at least 5 mm and a frequency v
above 55 Hz are required.
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Effective removal of water from the screening surface St-0.63 (Fig. 3) is realized
at amplitudes 4 of more than 3 mm and a frequency v above 45 Hz.
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Figure 1 — The dependence of the remaining water W from the amplitude 4
and frequency v of vibration excitation for the screening surface St-0.63-G
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Figure 2 — Dependence of the remaining water W from the amplitude 4
and frequency v of vibration excitation for the screening surface St-0.05-G
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Figure 3 — Dependence of the residual water /¥ from the amplitude 4
and frequency v of vibration excitation for the screening surface St-0.63
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When belt-strings are installed (screening surface St-0.63-S), less intensive
modes are required, and complete dehydration is achieved at amplitudes 4 from 1
mm and frequencies v from 40 Hz (Fig. 4).

Remaining water ¥, %
(=1
e ]
L

Frequency v, Hz

——A=] mm == A=2 mm =+ A=3 mm=—= -A=4{mm —= A=5mm

Figure 4 — Dependence of the remaining water I from the amplitude A
and frequency v of vibration excitation for the screening surface St-0.63-S

For the screening surface P-0.05-Sup-S, effective water removal (Fig. 5) requires
sufficiently intensive modes: amplitude 4 over 3 mm and frequency v over 40 Hz.
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Figure 5 — Dependence of the remaining water W from the amplitude 4
and frequency v of vibration excitation for screening surface P-0.05-Sup-S

Due to the use of vibro-impact in the range of amplitudes 4 from 3 mm to 5 mm
and frequencies v from 35 Hz to 60 Hz, almost complete dehydration of the screening
surface St-0.05-R-H is achieved (Fig. 6).

Effective dehydration for the screening surface G-0.1-R-H is realized with vibro-

impact in the range of amplitudes 4 from 3 mm to 5 mm and frequencies v from 45
Hz to 60 Hz (Fig. 7).
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Figure 6 — Dependence of the remaining water ¥ from the amplitude 4
and frequency v of vibration excitation for the screening surface St-0.05-R-H
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Figure 7 — Dependence of the residual water W from the amplitude 4
and frequency v of vibration excitation for the screening surface G-0.1-R-H

In fig. 1-7, it can be seen that with a decrease in the cell size of the screening
surface, more intense impact modes are required in order to overcome the forces of
surface tension.

The polyamide screening surface, compared to steel, is less efficient in ensuring
the passage of water and requires more intensification of the impact, although it has
such an advantage as low cost. Vibro-impact action intensifies the passage of water
up to 60 % compared to harmonic.

Determination of the appropriate direction. Based on the results of calculations
and analysis, rational range of mode parameters of the vibrating screen for effective
dehydration of various screening surfaces were determined. It is established that the
vibro-impact effect, in comparison with the harmonic effect, provides better results in
cleaning the cells from the liquid retained in them by surface tension forces. To
increase the efficiency of dehydration, it is necessary to clean the cells when the raw
material is not in contact with the surface, that is, at the stage of its flight as a result
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of impact. Therefore, the vibro-impact effect with the use of additional shocks during
the excitation period seems promising.

These results are one of the components in the mechanism of dehydration of
technogenic raw materials, taking into account of which the «Method for calculating
technological parameters that ensure the cleaning of the screening surface during fine
screening of technogenic raw materials» was created.

5. Conclusions

Thus, with the help of numerical experiments, rational range of the mode
parameters of the vibrating screen for effective dehydration of various screening
surfaces was determined. The results obtained show the possibility of calculating the
amount of water remaining on the screening surface, depending on the amplitude and
frequency of vibration excitation, which makes it possible to calculate the parameters
of vibration excitation for various screening surfaces. These data will be used in the
development of a mathematical model of dehydration and a methodology for
calculating technological parameters that ensure effective removal of liquid during
fine and ultrafine screening of mineral raw materials, as well as to determine the
rational design and dynamic parameters of the screen.
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YUCENbHI EKCMEPUMEHTU 3 BUSHAYEHHS PALIOHANBHUX OBNIACTENA PEXXUMHUX
NMAPAMETPIB ANnd EQEKTUBHOIO 3HEBOQHEHHSA PI3HUX MOBEPXOHD, LLO NMPOCIBAKOTb
Jlanwun €.C., lllegueHko O.l.

AHoTauif. 3HEBOAHEHHS MiHepanbHOi CUPOBMHM Ha BibpauiiHOMy rpoxoTi BigOyBaeTbCs B pesynbraTi
NPOXOIKEHHS PidMHA Yepes YapyHKU NOBEPXHI, WO npociBae. Mpu TOHKOMY Ta HAZTOHKOMY FPOXOYEHHI LibOMY npoLecy
nepeLUKoKae NOBEPXHEBU HATAr piauHU. YKogHa 3 TEOpin rPOXOYEHHS He [03BOMSE BU3HAUMTU 3a SKMX PEXUMIB
BiOp0O3bymKeHHs 3abe3neyyeTbCs 3HEBOAHEHHS.

3a JONOMOro0 YMCENbHUX eKCNIEPUMEHTIB Ha MaTEMAaTUYHIA MOZENi BUBYEHO BNIMB PEXWUMIB BiOpPO30YmKEHHS Ha
IHTEHCUBHICTb MPOXOMKEHHS PIAMHM 4Yepe3 YapyHKU PpiHUX MOBEPXOHb, WO MNpOCiBalOTh, NPWU 3HEBOAHEHHI Ha
BibpavinHomy rpoxoTi. Mpu LboMy BupilyBanncs ABa 3aBAaHHS: 1) BU3HAYEHHS aMnAiTyaun i 4acToTh BiBpo30ymKeHHS,
KOMW 3agaHuii HEOBXIQHMI 3anMMLLIOK BOAW | PO3MIP YapyHOK MOBEPXHI, WO NPOCIBAE; 2) BU3HAYEHHS 3anLLKy BOAM Ha
MOBEPXHi, IO NpOCiBaE, B 3aNeXHOCTi Bid PO3MIPYy 4YapyHKM NOBEpXHi, LIO MpociBae, amnniTyan i 4actoTu
BiOp030ymkeHHs. Po3pobneHa MaTemMaTiHa MOAENb 403BONSANA BUPiyBaTK 06uaBI 3agavi. Ha ocHoBi obumMcneHb Ta
aHanisy BCTaHOBMEHi paujioHanbHi obnacTi pexumHuX napameTpiB  BibpauiHOrO rpoxoTy Ans edeKTUBHOro
3HEBOJHEHHS Pi3HUX NOBEPXOHb, LU0 NPOCiBatOTb. ANrOpUTM po3paxyHKy peanisoBaHuin Ha OCHOBI MaTeMaTUYHOI Mogen
B nporpami ans MK «MoeepxHs, Wwo npociBae» moBo C++ 3 MigKMIOYeHHsIM MaTemaTtuyHmx Gibniotek Ta «Excel».
PesynbTatt obuncrneHb, AEMOHCTpALis MOXNWBOCTEN Pi3HUX MOBEPXOHb, WO MPOCIBAOTh, i PEXUMIB MOKasaHi Ha
PUCYHKaX, A6 HABEAEHI 3aNeXHOCTi 3anuLLKy BOAM Big MapaMeTpiB BiOpo30ymkeHHS aMnniTyam i yacToTu. BctaHoBNEHO,
Lo BibpoyaapHa 4is B NOPIBHAHHI 3 rapMOHiiHOK 3abe3neyye binblu BUCOKI pe3ynbTaTit OYNLLEHHS YapyHOK Bif, PignHH,
L0 YTPUMYETHCS B HUX CUMAMM NOBEPXHEBOTO HATAY, NPW MEHLL IHTEHCUBHUX peXUMaX.

OTtpumaHi pesynbtatn OyayTb BUKOPUCTaHi mpu po3pobui MaTemMaTWyHOI MOAENi 3HEBOAHEHHS Ta METOQMKM
pO3paxyHKy TEXHOMOMYHMX NapaMeTpiB, sk 3abe3neyyloTb ehekTUBHE BUOANEHHS PIGWMHM NPYU TOHKOMY Ta HaLTOHKOMY
TPOXOYEHHI MiHEpanbHOI CMPOBMHW, @ TaKOX [ANA BM3HAYEHHS paUiOHANbHWUX KOHCTPYKTUBHUX Ta [OMHAMIYHUX
napameTpiB rpoxoTy.

KniouoBi cnoBa: 3HEBOAHEHHS, MOBEPXHEBWWA HATAr pigMHM, rapMoHiiHe Ta BibpoydapHe BiGPO30YmKEHHS,
amnniTyga Ta yactota Bibpo3bymKeHHs, MaTeMaTuyHa Mogenb.
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