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OO PO3PAXYHKY NAPAMETPIB
NMOJNIOTHA
BIBPOTPAHCIOPTEPA
CYLWWUNIbHOI YCTAHOBKWU

Y cmammi posanssdaembcsa meopis pyxy mamepiany 8
gibpompaHcriopmepi CywuribHOI ycmaHOo8KuU, po3pobrieHoi e HTY
«/[JHinposcbka nonimexHika. B ubOMy KOHCMPYKMUBHOMY Pill€HHI
peanisyembcsi  crocib  cmeopeHHsT 8  pobodili  Kamepi
8I6POKUNIIAY020 Wapy, sKUl 3Ha4yHO 36inbulye WeUGKICMb CyWIHHS
OpibHOduCnepcHo20 mamepiary. Poboya M08EPXHS
gibpompaHcriopmepa 8UKOHaHa y 8uerisidi pewimku cmyriH4acmoi
gopmu. Mamepian, wo Hadxodumb Ha CcywiHHs, nid Jdieto
cripsiMogaHo20  8ibpauiliHoeo  306YyOXKeHHsl,  nepeMillyembCsi
pewimyacmoro rMo8epXHEr0 i Yepe3 WinuHU rnpodyeacmbsCs 2apsyum
nogimpsiv. Ocobnugicmio  8ibpompaHcriopmepa € MOXIIUGICMb
rnepemiweHHss Mamepiany 3 WUPOKUM  epaHyrioMempuyHuUMm
cKriadom, W0 sKrroYae ghpakyii 3epeH gid Mmikpomempie 8o decsmkie
minimempig. Npu po3ansadi pyxy mamepiany no pobouyili Mo8ePXHI
gibpompaHcriopmepa MoxHa 8udinumu 30Hy 3a8aHMaXXeHHs1 | 30Hy
mpaHcropmyeaHHsl. Y  30Hi  3aBaHMaXkeHHs1  30ilCHIOEMbCS
npulMaHHsa Mamepiany, 6 mpaHCrnopmHul cmaH. Y 30Hi
mpaHcropmysaHHsi Ha Mmamepian 0Oie dodamkoea cuna 3 60Ky
menrnoHocis. [ns  egbekmusHoi pobomu  8ibpompaHcriopmepa
weudkKocmi rnepemMiuieHHs1 Mamepiarly 8 30Hi 3a8aHMAaXEHHS |
mpaHcriopmyeaHHsi maromb  6ymu  pieHUMU, WO  3YMOBIIHE
KOMIIIeKCHUU po3ansid ub020 numaHHs. Posansfaembscst pexum 3
gidpueoM  Mamepiany 6i0 nonomHa  eibpompaHcropmepa.
CknadeHo AugbepeHyjarnbHi piBHSHHST | ompuMaHi 3a5exxHocmi, sKi
B8CMaHOoB/MIIMb ~ 838EMO38'A30K MK rapamempamu  pyxy
Mamepiarly 8 30Hi 3asaHmMaeHHs1 eibpompaHcriopmepa, Oe
8idcymHsi nodavya MerioHOCIs, Kymom Haxurly poboyoi nosepxHi,
WUPUHOK i KymoM Haxusy nanemis, Wo Ymeoptomb MO8EPXHIO
2a30p03r100irbHOI pewimku.

BusHavyeHo ymosu, npu sKux 30IUCHIOEMbLCS KOHMaKm
YacmuHKU Mamepiarly 3 nomokoM mernnoHocis.  CkrnadeHo
OucgbepeHuiaribHi PiBHSHHSI PyXy YacmuHKU 3 ypaxyeaHHsIM erusy
Ha Hei rosimpsiHo20 [MOMOKY | ompumaHi 3anexHocmi, wo
BU3Ha4Yaromb eucomy cmyrneHi 2a30p0o3rodinbHOI pewimku, Kym
Haxury romoKy meroHociss 00 20pU30HMasnbHOI  MAOWUHU,
napamempu pyxy mamepianbHOi YacmuHku rnpu Aodamkogomy
8rirusi Ha Hei' curu muUcKy meroHOCIS.

Takum 4YUHOM, 3arporioHo8aHa MemooOuKa pPO3PaxyHKY
doseornisie  ompumamu  8UXIOHI  OaHi  Orid  NPOEKMy8aHHsI
3aeaHmMaxxysarbHOiI QifiIHKU | Mo8epXxHI 2a30p03rodinbHOI pewimku
gibpompaHcriopmepa CywusibHOI yCmaHO8KU, a MakoX 6UKOHamu
aHania  ernnugy - KOHCIMPYKMUBHUX  rapamempie  Ha  pyx
MamepiarbHOI YaCMUHKU.

Kmroyoei cmoea:  gibpompaHcriopmep,  MernsioHOCIU,
CywKa, 2a3opo3rnodinbHa pelwimka, rnosiomHo.

lTocmaHoeka npobsemu. Y 6inbwocTi rocnogapcTBi HEOOXiAHOK FTAHKOK TEXHOMOMYHOIo

ranysemn NPOMMUCIIOBOCTI Ta

CiNbCbKOMY  naHutora nepepobku matepiany € MOro CyLUiHHS.
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HvHi  po3pobneHo  3Ha4Hy  KinbKiCTb  TuNiB
CyLWUNbHUX ycTaHoBoK. Lle nos'a3aHo 3 Tum, WO
CYWIiHHIO niggalTbca Martepiany 3 PisHUMM
i3MKo-MexaHiYHMMN BNacTUBOCTSAMMU i BUMOramu
0O KiHUeBOro npoaykty. Baxnueum enemeHTom
yCTaHOBKM € pobo4ye nonoTHO. TyT BigGyBaeTbCs
OCHOBHUIM  TEXHOMNOrYHMA  npouec  BAAMBY
TennoHocis Ha mMartepian npu noro
TPpaHCNOPTYBaHHI i BMAANeHHs  BuNapyBaHoOI
Bosiorn. Big KOHCTPyKUil NOSOTHaA CYLWWMIBHOMO
NPUCTPOID, TEOPETUYHUX Ta €EKCrepuMMeHTasnbHUX
aocnigXeHb B3aeMOil 1oro 3 maTepianom CyTTEBO
3anexaTb TEeXHiKO-EKOHOMiYHi NOKa3HWMKW BCI€l
niHii.

AHaniz ocmaHHix docnidxeHb ma
ny6nikayiti. Y $KOCTi CyLMMbHOMO MNPUCTPOID
BNKOPUCTOBYIOTHCS CYLUUIbHI 6apabaHu,
posnunioBarnbHi, MNETNbLOBI, BMXPOBi Ta HMU3Ka
iHWMX TMNiB cywapok. JocnigkeHHamn aBTopis [1,
2] nokasaHo nepesary CYLUiHHSA
ApibHogmcnepcHOro marepiany 3a BMKOPUCTAHHS
BibpauiiHoro BnnuBy, WO Oa€e 3MOry CTBOPUTU B
pobouin kamepi BiIOPOKMMNAYUIA Wap, SKUA 3HAYHO
30inbllye WBNAOKICTb CYLUIHHS.

Y  ©BaraTbOX  KOHCTPYKLIIX  CyLlapoK
nepemiweHHs  maTepiany  BigbyBaeTbca  no
nepcopoBaHOMY MOMOTHY, MPU3HAYEHOMY TaKOX
Anga nogadi TennoHocia. PesynbTat TeOpeTUYHMX
Ta  eKCnepuMeHTanbHUX  AOCNIMKEeHb  TakuX
yCTaHOBOK HaBefdeHi B [3, 4, 5] Ta Hu3Ui iHWMX
pobit. Heponikom € 3anexHicTb MiHiManbHOI
KpynHOCTi MaTepiany Big po3mipiB nepdopadiii.

CyuinbHe MOJIOTHO 3HaxoAuTb
3aCTOCyBaHHS y BibpocyLapkax 3
iHbpayepBOHUMN BUMpPOMIHIOBaYamu [6.7], LWo
CMPOLYTb  KOHCTPYKUi0O  BiOpoTpaHcnopTepa,
npoTe YCKMagHIOKTb CUCTEMY BCTAHOBIEHHSA
BUMPOMIHIOBaYIB i nNpouec nporpiBaHHA Lwapy
mMaTepiany.

Y HTY  “"[OHinpoBcbka noniTexHika"
pO3p0obneHo KOHCTPYKUil BiGpoTpaHcnopTepa 3
pobo4O MOBEpPXHEK, BWKOHAHOW Yy BUMMAAI
peLwiTkM cTyniHJyacToi choopmu [8,9].

Martepian, Wo Haaxo4uUTb Ha CYLUiHHSA, nig
Aielo  cnpsiMoBaHOro BibpauiiHOro  30YIKEHHS,
nepeMillyeTbCa peLliT4acTo NOBEPXHEK i yepes
WinMHKM npoAayBaeTbCca rapauum nositpam [10].
OcobnueicTio BibpoTpaHcnopTepa € MOXNMBICTb

nepemileHHst mMaTepiany 3 LLINPOKNM
rPaHynoOMETPUYHMM  CKMagoM, WO  BKIOYae
dpakuii 3epeH Big MIKPOMETpIB OO0 [eCATKiB
MinimeTpiB.

HepocTtaTtHin  obcar  aHaniTM4HMX Ta
eKcrnepumeHTarnbHuX AocnimpkeHb, mMeToziB

pO3paxyHKy Takoro Krnacy MaluH CTPUMYE iXHE
NpakTU4YHe 3aCTOCYBaHHS.

Mema po6omu. BctaHoBuTHM
3aKOHOMIPHOCTI pyxy Matepiany CTyniH4acTow
pewiT4acTolo MOBepxHew  BibpoTpaHcnopTepa
CYLIMNBHOI YCTAHOBKM N ofepXaTun BWXiOHI OaHi
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ONS MPOEKTyBaHHSA e(EeKTMBHOIO TPaHCMOPTHOMO
nonoTHa.

Buknad ocHoeHo2o0 Mmamepiasny. [pu
po3rnagi pyxy matepiany no pobouin noBepxHi
BibpoTpaHcnopTepa MOXHa  BUOINMUTU  30HY
3aBaHTaXeHHS1 | 30HY TPaHCMOPTYBaAHHS. Y 3OHi
3aBaHTaXeHHs 30iINCHI0ETLCSA NPUAMaHHS
mMartepiany, WO BiNbHO Nagae 3i LWNK30BOro
XUBUNbHWKA, | NepeBefeHHs NOro B TPAHCMOPTHUI
CTaH. Y 30Hi TpaHCMNOpPTyBaHHA Ha MmaTepian pgie

gogatkoBa cuna 3 Ooky TennoHocid.  [OAns
edeKTUBHOT poboTun BibOpoTpaHcnopTepa
WBMAKOCTI NEepeMilleHHa Matepiany B 30Hi

3aBaHTaXEHHS | TpaHCNopTyBaHHA MaloTb OyTu
PIBHAMW, WO 3YMOBMIOE KOMMIEKCHUA pO3rnssa
LbOro NUTaHHSI.

Mpunmemo OONYLLEHHS: LLIMaTOK
MaTepiany € marepianbHOK 4acTKOK Macow m,
NOBEPXHS TPAHCNOPTYBaHHS 34INCHIOE FAPMOHIVHI
KonvBaHHSA. YacTuHka maTepiany, Wo HaaXxoauTb Y
BibpoTpaHcnopTep, B3aemogie 3  pobouyoto
NMoBepXHEl 3aBaHTaXyBarnbHOI cekuii (puc. 1), B
SKi nogava TENNOoHOCIA BiACYTHS.

PauioHanbHuiA  BUGiIp pobo4oi NoBeEpXHI
3aBaHTaXyBasbHOi CeKUil - aKTMBHa 4acTuHa
MOBMHHA MaTU MiHIManbHy AOBXWHY ONS LWBUOKOI
[OCTaBKM MaTepiany B 30HY MOTOKY TEMMOHOCIA, a
MOMOTHO MaTn MOXNMBICTb 3MiHWN KyTa Haxuny.

Kyt ycrtaHoBku nomnotHa o (pucyHok 1)
NpMMMaETbC 3 ypaxyBaHHAM  3abe3neyeHHs
PIBHOCTI LWBMOKOCTEN pyXy MaTepiany B 30HaX i
MOX€e MaTu MiHyCOBI 3HA4YeHHS1.

A

;f/ F“

Puc. 1. Po3paxyHkoBa cxema
BU3Ha4YeHHSA LWBUAKOCTI BigpuMBY YacTUHKU Bif
NOBEpPXHi, WO TpaHCNopTyeE

PiBHAHHA  pyxy  4YacCTWUHKM  BIOHOCHO
NOXMIOT LLOPCTKOT NOBEPXHi MalOTb BUMNAL,

mk=m-A-o”-sinet-cosf—m-g-sina—F, (1)
my=m-A-@°-sinat-sinf—m-g-cosa+N.(2)

Y piBHaHHAX (1) i (2), a Takox Ha
po3paxyHKOBIn cxeMi (puc. 1) No3HayeHo:

G — cuna TaXiHHA, wogie Ha 4YacTuHky; N
— HOpMarnbHa peakuis; Fr — cuna TepTs YacTUHKK
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00 pobouy noBepxHw; F“ — cuna iHepuii; m —
Macca 4acTuHKu; A n w — BigNOBIiAHO amnniTyaa i
YyacToTa KOMMBaHb MOBEPXHi, LLIO TPAHCMOPTYE; B —
KyT Hanpsmky Bibpauii.

Mou N=0; F =0 Hacrae Bsigpus
YacTUHKM Big pobo4oi noBepxHi. [puckopeHHs
YacTMHKM B MOMEHT BigpuBy i nig 4ac pyxy
CTaHOBUTUME

X=A-0°-sineot-cosf—g-sina, (3)

¥=A-0”-sinat-sin f—g-cosa . (4)

IHTerpytoun(3) n (4),
X=—A-w-cosf-cosat—g-t-sina+C,,

. 1 .
x=—A-cosﬁ-smwt—Eg -t?.sina+C,, -t+C,,,

y=—A-w-sinf-cosot—g-t-cosa+C
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y=—A-sinﬁ-sincot—%g-t2 -c0sa +Cy, - t+C,,

BpaxoBytoun  no4yaTKoBi (npun
t=t,; x=0; y=0,x=0;y=0) i
nigcTaBnsAO4YM AOBINbHI cTani
C,=A-w-cosp-cosat, +9-t, -sina;

YMOBMU

. 1 ,
C,, = A-cosf-sinat, — A-at, -c0oS - cosat, —Eg 2 -sina

Cy, =A-w-sinB-cosat, +d-t,-cosa;

o . 1
C,, =A-sinf-sinat, - A-at, -sin - coset, —Eg 1] -cosa,

oTpMMaemMo I'IepeMiUJ,eHHFI YaCTUHKN B

1y nepiog BigpuBY Big pob0o40i NOBEPXHI.
x = A-cosf-(sinat, —sinat)+ A- (ot — at, )-cos B -cosat, —%g (t—t, ) -sina, (5)
. . . i 1
y = A-sinB-(sinwt, —sinot)+ A- (ot — at, )-sin B -coswt -39 (t-t,)’ -cosa. 6)
[No3HaumBLLN 2 qi
F:M— KoedilieHT pexnmy

w=ut, y,=aut,— dasHuin kyT pyxy i
dasHun KyT BigpuBy MaTepiany Big poboyol
NOBEPXHI,

g-cosa
BiBpOTpaHCNOPTYBaHHS,

BMpasM [Ans nepemilleHHd maTtepiany
OTpUMaEeMoO y Burnagl
- - (v —vo)
X = A-cosﬂ-{(smz//0 —siny )+ (w —w, )-cosy, —%-tgmtgﬁ}, @)
(v —yo)’
y=A-sinﬂ-{sinyxo—sin1//+(y/—1//o).coswo—%} ®)

®asHnin KyT 3ycTpivi I/, maTepiany 3

HOMiHasbHO noBepxHero BU3HAYNTLCA 3

TpaHCUEHOEHTHOIo piBHFlHHFl

OoTpyMaHoro 3 (8) 3a yMOBW PIiBHOCTI HyMO
BIOHOCHOI KOOPOWHAaTW YacTUHKW MmaTepiany |
nnowwuHu 0B (puc. 2).

3a 4yac BigpuBy Big pobo4yoi NOBEpPXHI

2 . .
3|m//0 _Sim//e 3 (l//gz— ?0) + (l//G _l//o). COS(//O _ 0 , (9) YaCTUHKa MaTeplany nepemMIiCTUTbCA Ha BENTUYNHY
2
AX = A-cos/i’-[(sinw0 —siny, )+ (v, —w,)-cosy, —%-@-tga -tgﬂ} (10)

CepeaHs WBMAKICTb pyxy MaTepiany 6e3 ypaxyBaHHsi BNfMBY NOTOKY TEMOHOCIS

V. = AX  A-w-cosp
" pT 2-7-p
ae
T — nepiof KonNMBaHb BUKOHABYOro opraHy,
P — KpaTHiCTb nepiogy pyxXy 4acCTUHKU
nepiogy KonmBaHb BUKOHaB4Oro opraHy

2
{(Simﬂo —siny, )+ (v, —y,)-cosy, ——-@-tgwtgﬂ]

Y pasi, SKwWwo AX>L,

mMaTepiany nepeMiCTUTbLCH Ha HACTYMHY CXOAMHKY
pobo4yoi NoBepxHi. Y uboMy BMNagKy dasHui Kyt

W, S3YCTpidi maTepiany BuU3HAYATLCA 3 TaKoro

YaCTUHKa

PiBHAHHSA
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————+siny, —siny,, +(v,, —w, ) cosy —@QL:ZQi:O
A . Sln ﬂ 0 6h 6h 0 0 2 . F ’
(11)
i, BiANOBIQHO, NepeMilleHHa maTepiany
2
AX,, = A-COSﬁ-[(Sinwo —siny,, )+ (y,, —w,)-cosy, —%-w-tga -tgﬁ]

(12)

IMig yac pyxy YacTUHKM MaTepiany B NPOCTOPi MiXX nanetamm pobo4oi NOBEPXHi BOHA MigQaeTbCs

BMSMBY TENIOHOCIS (puc. 2).

)%
{
Fﬂ'

LT T\ X

Qo/ //_63 I ¥ /

Puc. 2. Po3paxyHKoBa cxema pyxy YaCTUHKU MaTepiany Mix nanetamm

Ha cxemi no3HayeHo: h — BMCOTa CTyneHi
MOBEPXHi, WO TpaHCnopTye; L - wnprHa akTMBHOI
YaCTMHWU NNAcTUHK; P — cnna TUCKYy TenmnoHOoCIs Ha
YacTUHKY, B — KyT HanpsiMKy Bibpauii; a — KkyT
Haxurny NoBepXHi TPAHCMOPTYBaHHA 4O FOPU3OHTY;
F" — cuna iHepuii

TennoHocin nepeMillyeTbCa B HanpsMKy
oci X, TOMy BiH BnnIUBaTUMe TifbKA Ha
nepemilleHHss 4acTUHKW maTepiany no Luin oci.
PiBHAHHA pyXy YacTWHKM BiOHOCHO KOOPAWHATHOI
oci X nig 4Yac KOHTakTy 3 MOTOKOM TensioHOCIs
CTaHOBUTUME

mx' = P.

P — dyHKUis TUCKY NOTOKY TEMmoHOociA Ha
YaCTUHKY Marepiany, € QYHKUiE0 LWBNAKOCTI
MOTOKY, MOro ryCTUHW, NNOLLi nepepidy YaCTUHKN.

[Bivi iHTerpytoun piBHSAHHA 3@ HYNbOBMWX
noYyaTkoBMX YMOB, OTPUMAEMO BMpas, 3 HKOro
3HaNOeTbCA 3HA4YeHHs BENUYMHW J0AaTKOBOro

nepeMillleHHa 4YacTMHKM Martepiany 3a 4ac
nepebyBaHHS B MPOCTOPI MiX nanetamu
2
Pt
X'=—-", (14)
m 2

Je th — yac nonboTy YacTUHKU MaTepiany B
NpocTopi MK Nnanetamu.

Llelm 4yac Bu3HauMTbCA 3 PisHMUI  MiX
hasHumu kyTamm i/, Tayy, , To6TO.
th = Yo —Vs ] (](gp)
0]

Topai WBMAKICTE YAaCTUHKKM Martepiany nif
yac nepexoay Big 3aBaHTaXyBamnbHOI Cekuii Oo
TpaHcnopTyBanbHOI byae

(siny, —siny,, )+ (v, —w,)x

AX, + X' P-(w, —w,)

V, = h __ o (l//eh ‘/:g) +A-cosf- 1 (l// —w )2 .(16)

Tp 27z-p 2ma) COSV/O——Mtga thB

2 I

Y TpaHcnopTyBanbHin CeKkuil BMAMBOM MOTOKY TEMNNOHOCIA, ToAi LUBWUAKICTb

BibpocyLuapkn maTtepian nocTinHo nepebyBae nig  martepiany 6yae
o | Py (sinyo —siny,, )+ (w,, —wo)-cosy,
— "V eh . . 2
V2 27[p 2.m.a)2+A COSﬂ 1 (l/jgh_l/lo) . ’ (17)
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3MiHa geskux BracTMBOCTEN Martepiany B
NPOLECi CYLLIHHS MOXe 3MIHIOBATK LUBUAKICTb i KPOK
NonbOTY YaCTMHKK, WO € niacTaBoo BUGOpy nanetis
3 0HaKoBO ab0 3MIHHOIO AOBXWHOI.

BucHoBku. 3anponoHoBaHa MeToaMKa
po3paxyHKy [Aa€ 3MOry BUKOHATW aHania BnnvBy
KOHCTPYKTMBHUX MapameTpiB Ha pyx maTepiany Ta
oTpuMaTh BUXIOHI AaHi ANA NPOEeKTYBaHHS MONoTHA
BibpoTpaHcnopTepa CyLWbHOI  YCTaHOBKM,  LUO
3abesneyye ogHaKoBY LUBUAKICTb PyXy MaTtepiany Ha
BCbOMY LLIISIXY TPAHCNOPTYBaHHS.
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FOR THE CALCULATION OF THE PARAMETERS
OF THE VIBRATORY CONVEYOR OF THE
DRYING INSTALLATION

The article deals with the theory of the
movement of material in the vibrating conveyor of a
drying installation developed at the National
Technical University Dnipro Polytechnic, whose
working surface has a stepped shape and the flow of
coolant is directed at an angle to the horizontal
plane. This constructive solution implements a
method of creating a vibrating fluid layer in the
working chamber, which significantly increases the
drying speed of finely dispersed material. The
working surface of the vibratory conveyor is made in
the form of a step-shaped grid. Under the action of
directional vibration excitation, the material entering
drying moves along the grating surface and is blown
through the slits with hot air. A feature of the vibro
conveyor is the ability to move material with a wide
granulometric composition, which includes fractions
of grains from micrometers to tens of millimeters.
When considering the movement of material along
the working surface of the vibratory conveyor, it is
possible to distinguish the loading zone and the
transportation zone. In the loading area, the material
is accepted into transport condition. In the transport
zone, the material is subjected to an additional force
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from the coolant. For the efficient operation of the
vibratory conveyor, the speed of movement of the
material in the loading and transportation zone must
be equal, which requires a comprehensive
consideration of this issue. The mode with the
separation of the material from the working surface
of the vibrating conveyor with the assumption of the
absence of air resistance is considered. Differential
equations have been compiled and dependencies
have been obtained that establish the relationship
between the movement parameters of the material in
the loading area of the vibrating conveyor, where
there is no coolant flow, the angle of inclination of the
working surface, width and angle of inclination of the
plates forming the surface of the gas distribution grid.

The conditions under which the contact of
the material particles with the coolant flow is
determined. Differential equations of particle motion
taking into account the influence of the air flow on it
are obtained, and dependences are obtained that
determine the height of the gas distribution grid
stage, the angle of inclination of the coolant flow to
the horizontal plane, the motion parameters of the
material particle with the additional effect of the heat
carrier pressure on it.

Thus, the proposed method of calculation
allows obtaining initial data for designing the loading
section of the transporting surface and the first stage
of the gas distribution grid of the vibrating conveyor
of the drying unit, as well as analyzing the influence
of design parameters on the movement of a material
particle.

Key words: vibrating conveyor, coolant,
drying, gas distribution grid, cloth.
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