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TepHoninbcokuil HaYloHANbHUL MexXHIYHULlL YHisepcumem imeni leana llyniosn

JOCJIIZKEHHSA ITPOIECY TPAHCITIOPTYBAHHS CUITIKOI'O
BAHTA’KY ITIOXWJINMU I'BUHTOBUMU KOHBE€PAMMU

Pe3tome. Posensnymo pesicum pobomu NOXunoeo 28UHMOB020 KOHEEEPA 00 CKIAQY SIKO20 8X00UMb
28UHMOBUL POOOYULL Op2aH 13 NOCMITHUMYU napamempamil. 13 ymMosu KOHmMakmy eudiieHo20 06’eMy 8aHMANACY 3
26UHIMOBOI0 NOBEPXHEI0 WIHEKA Ma YUNIHOPUYHOIO NOBEPXHEI0 KOXCYXA i pO3MIieH s BU3HAYAEMbCA padianbHUM
napamempom R i xymosum napamempom 0. Bcmanosneno epanuuri 6i0XuneHHs wl8uOKocmell 4aCmuHoK y
npoyeci MpaHcnopmy8aHHs U GUBEOeHO aHAIimuyHi 3anexcHocmi. Buseoeno awanimuuui 3anexchocmi 0ns
BU3HAYEHHS KYMOGOI 1l 0Cb0BOI WEUOKOCHI PYXY YACMUHOK NO HAXUTEHUX NOGEPXHSIX.

Knwuoei croea: 2eunmosuti pobouuii opeas, 28UHMOSUL KOHBEED, ULHEK.

O. Lyashyk, O. Rohatynska, T. Peleshok, R. Lubachivsky

INVESTIGATION OF TRANSPORTATION BULK CARGO
SLOPING SCREW CONVEYOR

Summary. Screw conveyers, which are characterized by the simple design, high reliability, easy
handling and adaptation in the automated systems being ecologically-friendly, have been widely used for the
technological operations of the bulk-cargo transporting and mixing. To decrease the power consumption and to
raise the quality of bulk-cargo mixing some original constructions of screw mixers with the screw operating
member have been developed. Application of such screws requires to solve problems dealing with the
determination of loadings on the screw operating member and the characteristic of the bulk-cargo movement, as
well reasonability of their application.

The operating regime of the inclined screw conveyer, which consists of screw operating member with
constant parameters, has been analyzed. From the condition of the bulk-cargo particle contact with the screw
surface and the case cylinder surface its location is determined by the radial parameter and the angle
parameter.

Boundary deviations of the particles speeds while transporting have been found and analytical
dependences have been deduced.

Analytical dependencies for finding angular speed and central speed of the particles movement along
the inclined surfaces have been deduced.

The proposed method for finding average circular velocity of the particle «w according to the
boundary values wl and w2 is characterized by the mathematic clearness and simplicity of realization.
Integration dependence has been deduced.

Key words: screw your body, screw conveyor, auger.

Ymoeni nosnauennan
M, 1a [l —KoedinieHTH TEPTA BaHTaKy IO MOBEPXHI CHipai Ta KOXKyXa;
(@ — KyTOBa IIBUJKICTh ITHEKa;
dO/dt = @, — xyroBa wBUAKICTH KOJOBOTO PyXy BHILNEHOTO elIEMEHTa;
O/ — KyT niaifoMy TBHHTOBOI Cripati;

@ — cepeHs KyTOBa IIBUAKICTh BUAIJIEHOTO 00’ €My 10 mepioy;
Ao — aMIITiTY 12 KOJIMBAHHS 3HaYeHHS dO/dt B 4aci;

Bo— Kyt mimitomy Tpacu Tpancrioptysanns g = 0;

k - eKcIepuMeHTalbHUN KoedillieHT;

w
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Vo — WBHUAKICTh YaCTUHKK TpH g=0;

V| — WIBUAKICTh YaCTUHKKA MaKCUMaJbHa (MaliHHs);

V, — IBUAKICTh YaCTUHKU MiHiMaJTbHA (ITiTiHOM);

Nio— CHJIH, IO AIFOTh HA YAaCTHUHKY 3 OOKY IIHEKa;

Nyo— cwiH, 10 TiF0Th HA YaCTHHKY 3 00Ky xooba (N, cmiBmagae 3 V);

B — kyT HaxuiTy TpaekTopii ;=P MY CHiBMagaHHI IWBUAKOCTI V 3 CHIIO0 TSOKIHHS (TTamiHHsA) Br=Pn.x TPH
npoTumii (migitomi).

IMocranoBKka npo6aemu. )i TEXHOJIOTIYHAX ONepaIliii IepeMileHHs 1 3MIITyBaHHS
CUIIKAX BaHTaXIB BEJIMKE PO3MOBCIO/UKCHHS Ha0ydM TBHHTOBI  KOHBEEpH,  SIKi
XapaKTePU3YIOTHCS MPOCTOTOK KOHCTPYKIIIT Ta, BIMOBIIHO, BUCOKOIO HAIIMHICTIO, MPOCTI B
KOPUCTYBaHHI, JIETKICTIO a/laTyBaHHS IPU BUKOPUCTaHHI B aBTOMATH30BAaHUX CHUCTEMax Ta
exosorivnicTio [1—3,7 —8]. KpiMm 1mporo, ix muToMa Bara 3aBaHTa)XyBaJbHO pPO3BaHTa-
JKYBaJbHUX OIlepaliil B HApOJHOMY IOCHOJApCTBI 3pocTtae. (sl 3MEHIIEeHHS! eHepreTUYHUX
BHTpAT 1 MiABUINEHHS SKOCTI 3MIIITyBaHHS CHITKAX MaTepialiB po3po0JICHO PsiI OPHUTiHATBHIX
KOHCTPYKIII TI'BHHTOBHX KOHBEEPIB Ta 3MIIIyBayiB 13 T'BUHTOBHM pOOOYMM OPTraHOM.
3acToCyBaHHS TaKMX ITHEKIB MOTpeOye BUPIIIECHHS MUTaHb, ITOB’S3aHUX 3 OCOOJIMBOCTSIMHU
BU3HAYCHHS HaBaHTa)XK€Hb Ha TBUHTOBMH pOOOYMI OpraH Ta XapakTepy pyxy BaHTaxy, a
TaKOX JIOIUIBHOCTI X BUKOPHCTAHHS.

AHaJi3 ocTaHHiX AocaikeHb i myOjikaniii. [lutanusM TpaHcmopTyBaHHS 1
3MINTyBaHHS Pi3HUX MaTepiajliB MpUCBsdeHi mpari, ['purop’esa A.M. [1], bapumesa A.l. [4],
I'eBka b.M., Poratuacekoro P.M. [5 — 6], I'eBka L.b. [8] ta inmmx. OpHak, BpaxoBylOUH
PI3HOMaHITHICTh TEXHOJIOTIYHUX TMPOIECiB 1 KOHCTPYKTHBHOTO BHKOHAHHS TBHHTOBHX
TpaHCTIOPTHO-TexHONMOTiYHNX  MexaHi3MiB  (I'TTM), BoHM TOTpeOYIOTH  MOAATBIINX
JOCITI/DKEHD 1 YTOYHEHb PI3HUX IMapaMeTpiB TEOPETUIHOTO 1 MPAKTHYHOTO 3HAYCHHS.

Merta poGoTm — pO3paxyHOK MapaMeTpiB PyXy BHUAUIEHOTO 00’€My TOXUINM
MIBUJIKOX1THUM TBUHTOBUM KOHBEEPOM.

PesyabTaTn gocaimxkens. Ilin yac poOOTH HIBHIKOXITHOTO TBUHTOBOTO KOHBEEpa
BAHTAX NEPEMIlA€ThCs O MBUHTOBIH TpaekTOpii i 3a1a€Thesl KyToBMM IapameTpoM O, sxuit
BU3HAYAETHCSI OCOOJIMBOCTAMU PyXy BaHTaxy. JlJisl BCTaHOBIICHHS XapaKTepy HaBaHTAKECHH
Ha CKJIQJIOBI KOHBEEpa 1O BCid WOTO JIOBXKHHI PO3TIISTHEMO TPAHCIIOPTYBAaHHS BHIIJICHOTO
00’eMy BaHTaXXy TBUHTOBUM KOHBEEPOM y KOOpAuHaTax xyz (puc. 1).

PucyHok 1. Po3paxyHkoBa cxema nepeMillleHHs! BUIIEHOT0 00’ €My BaHTaXy Y MOXHUIOMY I'BUHTOBOMY
KOHBeepi: 1 — MPUBOIHMIA BaJl; 2 — LIHEK i3 MOCTYIOBO 3pOCTAIOYMM KPOKOM BHTKIB; 3 — YaCTHHKA BaHTaxXy;
4 — KOKYyX

Figure 1. Diagram of the selected volume of cargo moving in an inclined screw conveyor 1 — drive shaft;
2 — screw with gradually increasing increments of turns; 3 — piece goods; 4 — casing
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PosrnsiHemMo MIBUAKOXIAHWIA MOXWUINN TBUHTOBUI KOHBEEP 3 TBUHTOBUM POOOUHM
OpraHOM i3 TOCTIHHUMH TapaMeTpamMH — 30BHINIHIM JiaMeTpoM ImHeka D i kpokom 7. I3
YMOBH KOHTAaKTy BHJIJICHOTO 00’eMy BaHTaXy A 3 TBHHTOBOIO IIOBEPXHEIO IITHEKA Ta
HATIHAPUYHOIO TOBEPXHEI0 KOXyXa WOro pO3MIIEHHS BU3HAYAETHhCS — padialibHUM
napameTpoMm R=D/2 i kyToBUM mapameTpoM 6. Y BiAMOBITHOCTI 3 puc. 1 Ha BUIITICHHH 00’ eM

A macoro m OyIyTh JIiSITU TaKi CUJIM: HOPMaJbHI BiJ] IOBepXOHb N, 1 N, , cumu teptst ) 1 F),
(N 1 wu,N), cimm 1soxiHsS G =mg, BIIIEHTpOBa BiJg 0OepTaHHS BUAIICHOTO 00 €My

BaHTaXYy.

Po3rnsiHeMo ycTaneHud peXuM TpPaHCIOPTYBaHHS Yy MOXUJIOMY IIBHAKOXITHOMY
KOHBeepi. B 3arajbHOMY BHITQIKy pIBHSHHS pPyXy BHAUIGHOTO 00’e€My BaHTaxy A y
TBUHTOBOMY KOHBE€Epi, IO HAXWJICHWH IMMiJ KyTOM Y JIO TOPH30HTY BiJIHOCHO 3MiHHOTO
napameTpy 6 onmcyerbes AudepeHiaTbHUM PIBHIHHAM [6]

(T2 +7r2D2)(a’26’/dt2)+,u2 [72'D(a’6’/dt)2 —2mgsinécos y]{n’D[n’D—,ulTsin(dH/dt—a))] +

T[T+ i Dsin(d6 | di — )|(d6 di - )} /7> D (0 | dry* +T*(d0 1 di — )’ + )
2rg {sin 7T + i Dsin(dO/ dt — w)]+cos 0 +cos y [ 7D — T sin(d6 / dt a))]} =0.

JUis IIBUAKOXITHUX KOHBEEPIB BaHTAX MEPEMIIAETHCS TBUHTOBOIO TPAEKTOPIEO, KYT
nigifomy [ SKoOi BUBHAYAETHCS 3a 3aJIEKHICTIO [6]

tgf =tga(w—do/ dr). )

dé ? . .
Jnst Bunmanky y#0 = # const, e # const, [ # const mudepeHIiabHe piBHIHHS
t

pyXy BHIUIEHOTO 00’eMy Macol dm y SBHOMY BHIVIAJI HE pO3B’S3YEThCS. YMOBa

d’0/dt’ = const, sxa npuitMaeTbes B [1], CyTTEBO BIIMBAE HA XapaKTep 3MiHU MapaMeTpiB i
JUISL IETabHOTO aHaNi3y pyXy BHJLJIEHOTO 00’eMy He MOXe OyTH HpuilHATOIO. [leTanbHi
nociipkeHHs piBHsAHHSA [S] Ha EOM PyHnre-Kyrra mokasamu, mo micis =0,5...0,6 HacTae
yCTaJeHUH Ipolec pyXy, B SIKOMY KOJOBa Ta KyToBa @, IIBHIKOCTI BHALIEHOTO 00’eMy
3MIHIOIOTBCS B 4Yaci 3a TapMOHIYHHM 3aKOHOM JUIS 30HH TpaHCIOpTyBaHHS (puc.2.) Y
nepIoMy HaOIMKEHHI IO 3aJIeKHICTh MOYKHA TIPEICTABUTH Y BHTIISII

2

A A
W4=0, 1+22 cos .t +L2cos(2a)ct) : 3)
1) 20° - Ao

c
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PucyHnok 2. 3MiHa KyTOBOT IIBUIKOCTi BUAIJIEHOTO 00’ €My y NIBUAKOXiTHOMY FOPH30HTAILHOMY KOHBEEDI:
1-0=200 ¢"; 2-0=150 ¢!

Figure 2. Changing the angular velocity of the selected volume in high-speed horizontal conveyor 1-m =200 s™;
2-0=150s"
Ha puc. 3 mpencraBineHa po3paXyHKOBa cXeMa y BHIJISIII BEKTOPHOI Jiarpamu Jio
BUBEJICHHS PIBHSHHSI pPyXy BHJUIEHOT0 00’€MY y TBUHTOBOMY KOHBEEpi, IO PO3MillEHi Hif
KYTOM JIO TOPU30HTY, 1 BA3HAYCHHS HOTO 0CHOBOT IMBHIKOCTI

mgeosy

mgsiny

mgecosy
ol
T
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—
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ot
PucyHok 3. Po3paxyHKOBa cxeMa BUAUJIEHOTO 00’ €My y TBUHTOBOMY KOHBEEpPi 3 BU3HAUEHHSIM OCbOBOT
MIBUIKOCTI

Figure 3. Diagram to output equation of motion of a selected volume in the screw conveyor and determine its
axial velocity

BuxopucTtoByroun metoj rpadidHoro aHamizy pyxy BHJAUIEHOr0 00’eMy pwHcC.3.,

max

06a4rMo, IO MaKCHMaJbHOMY 3HAU€HHIO @)  BiANOBiNa€ MiHIManbHE 3HaueHHS [ . 1
MiHIMamBHOMY @) — wMakcuMmambHe S . B mux Toukax (o=0," i o=0)"
e=dw,/dt=0 — KyTOBI IpPHUCKOpEHHS, IO JOPIBHIOIOTH HYIIO i piBHAHHA pyxy (1)
MEePEeXOISITh Y CIPOIIEH] 3aJIeKHOCT1

140



MAIIMHOBYIYBAHHS, ABTOMATHU3ALIA BUPOBHULITBA TA ITPOLIECU MEXAHIYHOT OBPOBKU

20=0:N, (sina +p,cos)— p’, Rsin B, + gcosy =0 @
3z2=0:N,(cosa—pcosa)— pe’,, cosf, —gsiny =0 ’

ne (+) BigmoBimae a)j‘”, ,Bmm KOJIM BaHTa)X TBHHTOM OIYCKAa€ThCs 0 HU3Y, a (-) BIIMOBIIHO

o, KOJIM BAHTAX TBUHTOM ITiTHIMAETHCA.

max °

[licns BIAMOBITHUX MEPETBOPEHb OTPUMY€EMO PIBHSHHS

2
a)ADl,2
2

y7A cos(pBy, +a+ @)= g[sinysin(a +¢,) F cos y cos(x +¢,)], (5)

min

me 3Hak (+) st o, =)™, (-) 111 0, =oy" . 3HaliaeMo mapameTp BiIXuieHHs Kyta [,
o0  BHU3HAYAETBHCSH ABL=B,-B =B,-90"—a—y. BpaxoByloun Te, IO

B, +a+p=90"-Ap ,, i3 3anexuocri (5).

cos(ax+ o,
/uza)AuR

Aﬁu = ,8172 — B, =Farcsin

Buxmouenssim N, i3 cucremu piBHSHB OTPEMAEMO CIIBBIJHOLICHHS PIBHOBaXKHOTO

CTaHy MPH eKCTPEMaTbHAX 3HAUSHHSIX KYyTOBOI IIBHIKOCTI BAIIEHOTO €IEMEHTa (a)“‘ a)j“) .

)

,uza)jl,chos(a +05,+ (p) F gcospcos(a+¢)—gsinysin(a+g¢). (1)

AHani3 11poro piBHAHHS [6] MOKa3ye, 10 BIUIMB NpUCKOpeHb d°6/dt’ po3mominse
peaxii moBepxoHb N; 1 N, 1 3MiHIOE HaNpsIMOK PyXy BHIUIEHOTO 00’eMy (mapametp P) y
KyToBOMY iHTepBaii 0 <O <7 /2.

3anporoHOBaHMi METOJ] BH3HAYEHHS CEPEIHBOT KOJIOBOI IIBHIKOCTI BHJILJICHOTO
00’eMy @ MO KpalHIX 3HAYEHHSX @; 1 ,; BiJ3HAYAE€TbCSI MATEMATHYHOKO CTPOTICTIO 1
MIPOCTOTOIO pealtizarlii.

3rigHo 3 (6) KyTOBa MBUIKICTE 00EPTaHHS TBHHTOBOTO poO0OYOro OpraHy MOBHHHA
BU3HAYATHCH 13 3aJICKHOCTI

k in yt
e wg[cosy+s1n7/g(a+;/l):|. ®

MR

[Ipu TakoMy pexumi poOOTH 3MilllyBaya MaKCUMAIBHHA KYT MiTHOMY TpaeKTOpil

pPYXy BaHTaxy ,Bm BHU3HAYMUTHCS 13 3aJI€KHOCTI

1gp, =kjiga, )
kﬂ:1+%1— 1+C_ ,Ll )
oyt sina(sina + p, cosar) (10)
Co 1o’ Rigatg (o — @)

gsin 7/\/1 +1g' (a+ @) '
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MiniManpHa KyTOBa IIBUIKICTH BHJIIJIEHOTO 00’€My BaHTaXy B HOTO pyci IO
TBUHTOBIIi TPa€eKTOpii 0 = "™ Oyne

max

wtgo
o g

- tga+tgﬂ2ma\ '

Cepennst ocboBa MBUAKICTh MEPEMIIIEHHS] BAaHTaXy Y TBUHTOBOMY 3MilllyBaui MpH

(1)

IBOMY

oRtgatgp, . oRigak,

v = . (12)
2(ga+1gB,,.) 2(1+k,)
O06’eMHO MPOTYKTUBHICTH 3MIITyBaya, BiAMOBIIHO, CTAHOBHUTH
wk k oR'tga
Q=" (13)

2(1+k,)

[Ipu moOya0Bi piBHSHB (4) Oy710 3p0o0OIeHO MPHUIYIIICHHS 0e3BIAPUBHOCTI pyxy. BoHo
BUKOHY€ETBCSI IIpH 3abe3nedenti ymos, komu N,> 0; N,> 0, 1o crpaBakyeTsest yMoBa Ipu

coAzﬁZ«/Qgcosy)/D. (14)

dt

3Bifick BHWIUIMBAE YyMOBAa, sKa Ma€ BaXKJIMBE 3HAYCHHS Tpu (POpMyBaHHI
eKCIUTyaTaIliiHuX 0OMeKeHb

(15)

sin(a + f) Da* . 2
<y ——cosy 2 1gph < 1/ Do cosy—1 Jigar”
sinacos S 2g 2g

BucnoBkn: HaBeneHo METOMMKY po3paxyHKY HOXHIMX IMBUIKOXiJTHAX TBHHTOBHX
KOHBEEPIB, SKi B TPAaHWUYHHX PEKUMaxX MPU3BOAATH JIO IHTEHCHBHOTO MEPEMIIIyBaHHSI
BaHTaXy 1 MpaIoOTh K e(DeKTHBHI 3MinTyBadi. BuBeneHO 3alle’XKHOCTI I BH3HAYCHHS
KiHEMaTHYHUX Ta eKCIUTyaTalliiHUX MapaMeTpiB, 110 3a0e3leuyloTh cTablIbHy poOOTy TaKuX
3MiITyBaviB.

Conclusion:

The design procedure of of inclined screw conveyor speed boundary regimes which
are lead to the of intensive mixing of cargo and operate as efficient mixer. The derived
depending to determine the the kinematic and operational parameters that ensure the stable
operation of mixers.
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