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MOAENIOBAHHA TA ONTUMI3ALIA MAPAMETPIB BIBPALIMHOT CENAPALLIT CUMKUX
CEPEOOBULL

Abstract: In the article is researched the
influence of loose environment parameters on
the efficiency of vibratory separation. There is
described the advantages of vibrating
separators and characteristics by providing of
interaction of loose environment - drive -
working container system. The mathematical
model of environment movement is constructed
and changes of the amplitude and frequency of
loose environment vibrations are identified during
the resonance.
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INTRODUCTION

The rapid development of industry causes to
the necessity of existing equipment
improvementing and creating a new equipment,
which will contribute to optimize technological
processes. A variety of technologies extends the
range of implemented operations that provide
sorting of shredded material by its geometrical
dimensions. This makes it necessary to study and
improving the design of separating equipment,
including such that is used in the separation loose
vibration environments. Such equipment include:
sieves, vibratory separators, sorting machines,
centrifuges, screens, which are used in various
fields of industry and agriculture and are extremely
widely used in manufacturing, performing the
sorting (by size, density, coefficient of friction,
elasticity and other physical and mechanical
characteristics) of various products. One of the
types of separators is vibratory lattice separator. It
is used for fractional division of production,
purification (separation and reduction of impurities
in materials), and provides high-quality separation.

Fig. 1 shows a diagram of the manufacturing
process for the production of black insulating
glass. The ribbon of black glass from the conveyor
1is fed into the processing plant. Later its arriving
in to the crushing rolls of crusher 2, where the
ribbon is dividing into the round plates with a
diameter of 1 cm. From the crushing rollers the
round, similar to coins plates and waste falled into
the lattice vibration separator 3 in which occurs
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AHomauisa: B mammi posensHymo ennue
napamempie CUrkoao cepedosuwya Ha
egekmusHicmb npouecy eibpauiliHoi cenapauil.
OnucaHo nepeesazu esibpauiliHux cenapamopie ma
ocobrnueocmi ix pobomu 3a ymosu 83aeMoOil
cucmemu curike cepedosuwie — npugio — poboyuli
KkoHmeuHep. [NobydosaHo MamemamuyHy moderb
pyxXy curnkoeo cepedosulja ma BU3HAYEHO 3MIHU
amnnimyOu ma 4Yacmomu KOonugaHb  CUMKO20
cepedosuuja 3a yMOBU PE3OHaHCY.

Knroyoei cnoea:: sibpauitiHuli  cenapamop,
KonueaHHsl,  cunke  cepedosuwe,  amriimyoda,
yacmoma.

BCTYN

CTpiMKMA PO3BMTOK MPOMUCIOBOCTI 3YMOBIIOE
HeobXigHICTb MoaepHi3aLli icHyto4oro obnagHaHHs
Ta CTBOPEHHSA HOBOrO, Sike CrnpusaTMME ONnTuMisauii

TEeXHOMNOr4YHNX npouecis. PisHomaHiTHiCTb
TEXHOMOTIN  PO3LUMPIE KOMO  BNPOBa[KYBaHUX
onepawin, wo  3abesnevyloTb COpTYBaHHS

noapibHeHoro maTtepiany 3a MOro reoMeTpu4HNMMU
po3mipamu. Lle BUKINKaE HeobXigHICTb
OOCNiOXEHHA Ta  BOOCKOHaNEeHHs  KOHCTPYKUil
cenapyr4oro obnagHaHHSA, 30Kpema Takoro, Lo
BMKOPUCTOBYETLCA Npu BibpauinHin cenapauii cmn-

Knx cepegoBuw,. [o Takoro  obnagHaHHS
BigHOCATLCA Bibpocenaparopw, CopTyBanbHi
MaLLVHW, LueHTpudyru, rpoxoTw, AKi

BMKOPUCTOBYIOTBCS Y  Pi3HMX cdepax MpoMuc-
NOBOCTI Ta CiNbCbKOro rocrnogapcrea Ta 3HaXo4AaTb
Hag3BU4YanHoO LUIMpOKEe 3acToCyBaHHS y
BUPOOHULTBI, BUKOHYIOUM COPTYBaHHSA (MO BENMYMHI,
ryCTUHi, KoediuieHTy TepTsl, MPYXHOCTI Ta iHLWMX
i3nKO-MexaHiYHNX XapakTepucTukax)
pisHomaHiTHOI  npoaykuii. OgHum 3 BuAiB

BiGpaUinHMX cenapartopis € peLiTyacTum
BibpocenapaTtop. BiH BuKOpucTOBYETbCA ANA MO
dpakuinHoro noainy npoaykuii, OUYNLLEHHSA
(BigOKpEMNEHHS |  3MEeHWeHHs  [OOMIWOoK B
MaTepianax) Ta 3abe3nevye BWCOKY  SKICTb
cenapauji.

Ha pwuc.1 300paxeHa cxema BUPOOHMYOro

npoLecy BUIOTOBMEHHS YopHOro ckna. 3 newi
Bignany cTpiyka YOPHOro ckmna no TpaHcrnoptepi 1
noAaeTbCs Ha Banky B Apobapui 2, e opobutbes Ha
Kpyrmni nnacTUHKM JiameTpoMm OAuH caHTumeTp. 3
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their division by size. Defective are discarded and
qualitative plates fall into the tray 4.

OpobUNbHUX  BarmnkiB  Kpyrni MOHeTONoAiOHi
NNacTMHKM Ta pewTKn ckrna nornagawTtb Y
peliTyacTuii BiGpauinHWiA cenapatop 3, B SIKOMY
BinOyBaeTbCcsl iX nogin 3a poamipom. bBpak
Bi[JCIlOETbCS, a AKICHi NNacTUHKM NonagalTb B NTOTOK

Fig. 1 . Scheme of the process of black glass vibratory separation / Cxema npouecy sibpocenapauii 4opHo20
ckna. 1- conveyor / koHgeep.; 2 — crushing rolls / dpoburnbHi eanku; 3- vibratory separator / 8ibpauitiHuli
cenapamop; 4 — container for the source material / nomok Ha euxiOHuUl mamepiarn.

In this case, vibratory separator provides vertical
vibrations. That's why the layer of bulk environment
which is located at the sieve of vibrating separator
receives a transverse disturbance and carries out the
reciprocating movement in the vertical plane. At the
same time, given that the sieve of vibrating separator
is located at a certain angle to the horizon, layer of
environment moves along a sieve with a certain set
speed. Further we'll assume that this speed is
relatively low and does not affect on the function that
describes the physical and mechanical properties of
the layer of loose environment.

Previous research [1-3] found that the
effectiveness and efficiency of the production process
depends not only from the construction of vibrating
separator, but also from the interaction of the system
downloading layer - container — drive of the vibratory
separator [4-5]. In particular it should be noted that on
the process of separation influences:

- basic geometrical parameters of the container
of separator;

-basic physical and mechanical characteristics of
the environment, which is separated (length, width,
angle screens, etc.);

- ratio of amplitude fluctuations of the loose
environment and container of vibratory separator;

- type of fluctuations movement of loose
environment;

- the main characteristics of the interaction of
loose environment with container walls of vibration
separator and others;

On the intensity of interaction in the system
downloading layer - container — drive influence such
factors as the main parameters of a working container
drive downloading layer and the container.
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Y Takomy Bunagky BibpauiiHun cenapatop
3[iACHIOE BEPTUKANbHI KONMBAHHA. TOMY LIap CUMKOro
cepenoBuLLa, KN 3HAXOAMUTLCA Ha cuTi BibpauiiHoro
cernaparopa oTpMMye nonepevHe 306ypeHHs i 34iNCHI0E
3BOPOTHO-NOCTYNanbHUN PyX Y BEPTUKANbHIN MMOLLMHI.
Pasom 3 uuMm, BpaxoByluMu, WO cuTa BibpauiiHoro
cernapatopa 3HaxoAaTbCA N4 NEeBHUM KyTOM [0
FOPU3OHTY, LIap CUMKOro cepefoBulia pPyXxaeTbes
B3OOBX CWUTa 3 MEBHOK 3afdaHow LwBuakicTio. B
noganblUOMy BBaXaTumemo, WO UA LWBUAKICTb €
MOpIBHAHO Manow i He BANMBaE Ha yHKUilo, sika
onncye i3nko-MexaHiyHi BMacTMBOCTI LUapy CUMKOro
cepegosuLa.

MonepeaHiMn pgocnigxeHHamu [1-3] BCTaHOBMEHO,
WO edeKTUBHICTb Ta MNPOAYKTUBHICTL BUMPOOHUYOro
npouecy 3anexuTb He nuwe BiA  KOHCTPYKLUii
BibpauinHoro cenapaTopa, ane W Big B3aemopiji
CUCTEMMU LLAp 3aBaHTaXEHHS — KOHTeWHep — npuvBig
BibpocenapaTtopa [4-5]. 3okpema cnig 3a3HaunTy, WO
Ha npouec cenapaLii BnivMBaoTb:

- OCHOBHi reoMeTpuYHi NapaMeTpu KOHTenHepa
cenaparopa (4OBXMHA, LWMPUHA, KyT Haxumy CuT i.T.4.);

- OCHOBHi  Di3MKO-MEXaHIiYHI  XapaKTepUCTUKK
cepeaoBuLa, WO cenapyeTbes;

- BiJHOLIEHHs aMmnniTyq KONuBaHb CUMKOro
cepepoBuLa Ta KOHTenHepa BibpauinHoro
cenaparopa;

- BUA PYXy KONMMBaHb CUMKOro cepeaoBumLLa;

- OCHOBHi XapaKTepUCTMKN B3AEMOZii CUMKOro
cepefoByLa 3 CTiIHKAMU KOHTelHepa BibpocenapaTtopa
Ta iH.

Ha iHTeHCcMBHICTb B3aeMogii KonmBanbHOI CUCTEMU
cunke cepefoBulle — KOHTENHep — NpuBia Bibpocena-
paTtopa BMnMBalTb NapameTpm poboyoro KOHTeHepa,
Luapy 3aBaHTaXXeHHSA Ta CaMOro KOHTenHepa.
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PROBLEM STATEMENT

The effectiveness of screening in vibratory
separators characterized by performance coefficient
of sieves. That is ratio of the mass of environment that
has come through a sieve to the identical mass of
environment that is contained in the original mix. On
the qualitative side of this process affects the
thickness of the bulk material, moving in fat, shape
and size of the holes and particle velocity of the
material and its humidity. Also on the efficiency and
quality of screening affect the dynamic processes that
occur in the bulk environment during their treatment,
particularly interaction between the particles while
moving environment, the character of its vibrations
[3]. Itis quite difficult to described processes because
during the vibration processing bulk environment
performs a complex spatial movement. Given the
complexity of its description solving this problem
leads to resort to the use of asymptotic methods of
nonlinear mechanics. For this further we will model
the loose environment as the flat layers of elastic-
plastic beams that are elastically in contact with each
other and with the walls of the working container. This
allows analyzing the impact of mathematical model of
loose environment in the manufacturing process
vibratory separation.

MAIN ARTICLE

Considering that the materials that are separated
are different in shape, size and density, they can not
be described by conventional linear relationships.
Given that the layer of loose environment modeled as
a flat elastic beam in contact with the walls of the
container, to describe its elastic properties is used a
nonlinear law of elasticity:

o=Eegp

In the above-mentioned ratio o - dynamical
tension in the layer of loose environment; &, -
relative deformation of the layer of loose
environment; E - integral "conditional" modulus of
elasticity; v + 1 — the degree of nonlinearity that
characterizes the elastic properties of the material.
Considering that in the investigation the impact of
external factors on the process of bulk environment
vibration is describing (periodical perturbation of
working container by vibrator), we'll take values v +

1 different from zero and assume that this number is
odd.

Then the differential equation of vibrations of
loose environment can be written as:

NMOCTAHOBKA NMPOBJIIEMU

EdekTnBHiCTb  npocitoBaHHA Yy BibpauinHux
cenaparopax XapaKkTepusyeTbes KoeiLieHTOM
KopucHoi  Aaii  cuT, TOOGTO BIQHOLIEHHSM Macu
cepenoBuLa, LIO NPOMLUMO KPi3b CUTO A0 iOEHTUYHOI
Macu cepefoBu1LLA, L0 MICTUTBLCS Y BUXiAHIN cymilwi. Ha
SIKICHY CTOPOHY LbOro Mpouecy Mae BMMAvMB TOBLUMHA
Luapy cMnkoro maTepiany, L0 NepeMillaeTbCa no cuTy,
dopma i BenuuMHa OTBOPIB CUTa Ta YacCTUHOK
maTtepiany, LWBWAKICTb MNepeMillleHHs MaTepiany Ta
MNOro BOSONCTb. TakoX Ha eqeKTUBHICTb Ta SKiCTb
NpoCitoBaHHA BNNUBaOTb AMHAMIYHI  npouecu, Lo
BiAOyBaloTbCSA Yy CMMKOMY cepefoBuLli nig 4ac iX
06pobneHHs1, 30KpeMa B3aEMOAISA MiXK YacTMHKaMu nig,
yac pyxy cepefoBuLLa, Xxapaktep “oro konveats [3]. Lie
OOBOSMi BaXKO-ONUCyBaHi npouecu, TOMy WO nig yac
BiOpaUinHOi cenapauii cunke cepenoBuLlE BUKOHYE
CKragHuin NpocTtopoBun pyx. BpaxoBytoun cknagHicTb
Moro onucy, BUpiWEHHA f[aHoi 3ajadi CroHykae
BOATMCS OO0 BUKOPUCTAHHS aCMMMTOTUYHUX METOoniB
HeniHINHOT MeXxaHikn. [na uboro cunke cepegoBuLle
MOLENIOETLCA SK HallapyBaHHSl MIOCKUX MPYXHO-
NNacTU4HMX 6arnok, sIKi NPy>KHO KOHTAKTYITb Mixk coboto
Ta 3i cTiHkamu pobodoro koHTelHepa. Lle possonsie
npoaHanisyBaTv BNMMB MaTeMaTU4HOi Mopeni pyxy
CUMKOro cepefoBuULLAa Ha TEXHOMOrMYHWA  npouec
Bibpocenapadii.

OCHOBHMW TEKCT CTATTI

Bepyun oo yearu, Wo matepianu, Ski cenapyTbes
Pi3HATLCA 3a (POpMOIO, TYCTUHOK Ta PO3MIpoM, iX
HEMOXNNBO oOMucaTM 3a [JOMOMOroK  3BUYANHMX
NiHIMHUX cniBBiAHOLWEHb. 3a YMOBM, IO LWAp CUMKOro
cepeaoByLla MOAEMETLCA K Nocka npyxHa 6arka,
LLIO KOHTaKTY€ 3 CTiHKaMu KOHTEeNHepa, Ans onucy noro
NPY>XHWUX BNACTUBOCTEN BUKOPUCTOBYETHCS HEMIHINHUI
3aKOH MPY>KHOCTI:

1)
Yy BULLIEBKA3aHOMY CMiBBiAHOLLEHHI o —
OWHaMiYHe HarnpyXeHHs B LUapi CUMKOro CepeaoBuLLa;
&, — BigHocHa pedopmaulis  Wwapy  CUMNKoro
cepepoBuwa; E — iHTerpanbHui “ymMOBHWA® MOAynb
npyxHocTi, Vv + 1 — creniHb HeniHiMHOCTI, WO
Xapaktepuaye MpyxHi  BRacTMBOCTi  maTepiany.
BpaxoBytoun, WO y [OOCRIAXEHHSAX pPO3rNsaaeTbes
BM/IMB 30BHILLUHIX YMHHUKIB Ha npouec KOonuBaHHSA
CUMKOro cepeaoBuLLa (nepiognyHe 36ypeHHst poboyoro
KOHTeiiHepa BiGpaTopoM) NpUMMaemo 3HaueHHs vV + 1
BiAMIHHUM BiZ Hy”nS.
Topai oudepeHuianbHe PiBHAHHS KONMMBaHb CUMKOrO
cepefoByLLa MOXHa 3anucaTtu y BUrnsagi:

Ut — e 2uluyy =0 (2

In the differential equation (2) u(x,t) - longitudinal
displacement of layer of the bulk environment with the
coordinate x for arbitrary moment of time t; « -is
described by nonlinear elastic properties of loose
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B audepeHuianbHOMy piBHSAHHI  (2) u(x,t) -
NMO340BXHE NepeMilLleHHs Lapy CUMKOro cepeaoBuLLa
i3 KOOPAMHATOK X 3a OOBINbHUM MOMEHT Yacy t; a -
ONUCYETLCA Yepe3 HeNiHiMHI  NpyXHi  BNacTUBOCTI
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environment and its density of the loading layer: CUMKOro cepefoBuWa Ta TYyCTMHY WOro  wapy
Elv+1 Elv+1
a? = M 3aBaHTaXeHHs: a2 = M .
P p
Further we’ll assume that the dynamic frictional B noganbliomy BBaXaTMMEMO, LLO AVHAMIYHI CUnn
forces are small, and density of loose environment is TepTa € manumu, a ryctmHa CUnKoro cepegosuuia €
unchanged. HE3MIHHOIO BENMYUNHOL.
Provided that the boundary conditions of (2) will be 3a ymoBW, WO KpanoBi YMOBWU PIiBHSHHA (2)
looks like: MaTUMyTb BUMMSA;
U(X’qx=0 :u(x,t)lx:| =0, (3)
then single-friquency solutions of the boundary TOAi OOHOYaCTOTHI PO3B’A3KM KpanoBoi 3agavi (2)
problem (2) can be written using periodical Ateb- MOXHa 3anuMcatu BMKOPUCTaBLUM nepioguyHi  Ateb-
functions [4] : cpyHKuiT [4]:
u(x,t)=a-sa(L1/(v+1) kx/1)ca(v +11 wfak + ¢p) 4
Period of own vibrations of bulk environment is Mepioa BNAacHNX KOMMBaHb CUMKOrO CEepeoBuLLA Tk
depended on their amplitude and is determined by L ,
. 3anexvTb Big WOro amnnitygu Ta BM3HAYaeTbCA
dependence: S
3aneXHiCTHO:
Ty = 2J70(v +2)ar - T7H1/2) +v + 2)l () )
The oscillation frequency of bulk environment can be YacToTa KONMMBaHb  CWUMNKOrO  cepefoBMLLa
defined by the equation: BM3HaAYaETbCS 3aNEXHICTIO:
ola) = alk V2212  (E(y +2)aY (k1) +2/ pyH2 ®)
As known small by size frequency of fluctuations Ak  BigoMOo, Mana 3a BenUYMHOK  YacToTa
of the container cause a nonsignificant change in the KONMBAHHA KOHTENHepa BUKIMKAE HE3HayHy 3MiHy SK
amplitude and frequency of vibrations in the bulk aMmnniTyaM Tak | 4acToTM KOnMBaHb Y CUMKOMY
medium, up to the moment when the frequency of the cepefoBuWi, &k A0 MOMEHTY Koy 4acToTa
external disturbance is approaching to the frequency 30BHILUHBOTO 30ypeHHst (4actoTa KonmBaHHA
of natural oscillations of bulk environment, which KOHTelHepa) HabnmkaeTbCA [0 4acTOTM  BNAcHMX
leads to resonance. Last causes a rapid increase in KOnMBaHb CUMKOro cepefoBulla, WO Npu3BOAMTbL A0

pe3oHaHcy. OCTaHHE CMpPUYMHSAE CTpPIMKE 3POCTaHHS
amMnniTyaM KonvBaHb MPU BXOOXEHHI B PE3OHaHCHY
30HY, Ta 30iMblueHHA  iHTEHCUBHOCTI  Mnpouecy
BibpauinHoi cenapadii.

3 piBHAHb (4-6) MOXHa BW3HAYUTU 3anEXHICTb
amnniTyam Ta 4acToTM KONMBaHb CUNKOro cepedoBuLLa
Bi,  3HaA4yeHb noro HeniHiNHOro napameTpa
(xapakTepucTukn TNy cepefosuLla), 3a YMOBW, KOMU

the vibration amplitude when entering the area of
resonance, and increase the intensity of vibration
separation process.

From equation (4-6) can be determined the
dependence of the amplitude and frequency of
vibrations of loose environment of its nonlinear
parameter values (characteristic of the environment
type). Provided that the oscillation frequency of loose

i o YyacToTa KONvMBaHb CM1MKOro cepegosuia
environment approaches to the oscillation frequency HABNKAETLCA A0 YacTOTM KONMBaHb  KOHTeiiHepa
of the container of vibratory separator (w — u(zq), BiGpocenapaTopa (w—> u(z,), TOBTO 33 yMOBM
which indicates on the resonance in the loose PE3OHaHCy B  CUMKOMY CepemoBuw. OCTaHHe
environment. It provides improvements of efficiency sabesnevye niOBULEHHS edEKTUBHOCTI  MpoLecy
in the vibratory separation process. The dependence Bibpocenapauii. 3anexHicTb amnniTyan Ta 4acTtot
of the amplltude and frequency of vibrations of loose KOonvBaHb CUMKOro cepeaoBuLLa NpeacTaBneHa Ha puc.
environment shown in Fig. 2 and Fig. 3. 2 Ta puc. 3.

Fig.2 Graph of the frequency oscillation dependending of loose environment length and load layer coefficient that
takes into account nonlinear elastic properties of the of loose environment / pagik 3anexxHocmi yacmomu
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KonueaHHs curnkozo cepedosguuia 8i0 O0BXKUHU Wapy 3a8aHmMaxeHHs ma KoegiyieHma, wo 8paxosye HeniHilHi
MPYXHI 8r1acmueocmi curnko2o cepedosulya.

a, M

0.004 5
0.003
0.0024%

Puc.2 Graph of dependence of amplitude oscillation dependending of loose environment length and load layer
coefficient that takes into account nonlinear elastic properties of the of loose environment / 'pacpik 3anexxHocmi
amnnimyOu KorueaHHs1 curnkoeo cepedosuwya 6i0 yacmomu ma KoeiuieHma, ujo 8paxosye HesliHilHI npyxHi
erracmugocmi cunkoeo cepedosulya.

CONCLUSIONS

After analyzing the graphic dependence (Fig. 2.3)
can be concluded that vibratory separation process is
passing by complicated law, where both captured
both frequency and amplitude of loose environment.
and for more stringent environments separation is
more intense at higher values of amplitude. The
optimal value of the amplitude and frequency of
vibrations of loose environment for effective
separation process can be determined using the
nonlinearity coefficient that takes into account the
type of material and "conditional" modulus of elasticity
that allows for downloading layer parameters [4].
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BUCHOBKU

MpoawranidyBasLiyn rpadiyHi 3anexHocTi (puc. 2-3)
MOXHa 3pobuTM BMCHOBKM, LLO NpoLec Bibpocenapadii
BioOyBaeTbCs 3a CKMagHMM 3aKOHOM, A€ OLHOYacHO
BPaxoBYTbCA SK 4acToTa Tak i amnniTyaa CUMKoro
cepegoBuwa, npuyoMmy And  GinblWl  KOPCTKMX
cepefoBul cenapauis BigbyBaeTbCsl iHTEHCUBHILLE
npu OiNblUMX 3HAYEHHSIX aMMmliTyau KoNvBaHb.
OnTumanbHi  3HaAYeHHA  amnniTyau Ta  4acTtoTu
KOnvBaHb CUMKOro cepegoBuwia ans 3abesneyeHHs
eheKkTUBHOIO npouecy cenapadii MOXHa BU3HAYNTH
BMKOPUCTaBLUM 3HAYeHHs koedpilieHTa HeNiHINHOCTI,
KM BPaxoBYye TUM marepiany, Ta “yMOBHOro” Moayrns
MPYXHOCTi, SIKWA  BpaxoBye napameTpu  Liapy
3aBaHTaXeHHs [4].
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