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TepHoninbcokutl HayioHanbHUL MexHiuHul yHieepcumem imeni leana Ilynios

JOCJIIKEHHSA TEXHOJOI'TYHOI'O HPOLHECY
TPAHCITIOPTYBAHHS CUIIKUX MATEPIAJIIB IIMPOKO-
YHIBEPCAJIbHUM HIHEKOBUM TPAHCIIOPTEPOM

Peztome. Haseoeno rxoncmpykyilo uiupoKoyHi@epcanbHO20 UWHEK08020 MPAHCNOpmepa 3 pPisHUMU
MeXHONo2IYHUMY  MOodICTUBOCmAMY.  Bemanoeneno, wo eadcnusoro ymogow npu 6ubopi Konseepie O
VHIBEPCANbHUX NePesaHMAaNCy8aNlbHUX KOMNIEKCI8 € 8USHAYeHHs 00aacmi ix 8UKOPUCMAHHA, 30KpeMda w000
MPAHCNOPMYBAHHA NeBHO20 0ianasoHy cunkux eanmaicie. OCKiNbKU MIHIMATbHA Medxdcad eHepeOEMHOCHI
2BUHMOBUX KOHBEEPIB BUHAUAEMbCS KOeDIYIEHMOM mepmst 6aHMANCy 00 NOBEPXHI CRIpAl, MO GUIHAYATLHOIO
YMOBOI NpU NPOEKMYBAHHI KOHBEEPA € 1020 CHPOMONCHICMb MPAHCNOPMYBAMU BAHMANC 3 HECHPUAMIUSUMU
enacmugocmamu. Ilpu yvomy posnaHymo HaiHecnpuamaugiule, 3 MOYKU 30pPY EHEPeemuyHux 3ampam
8epMUKAIbHE PO3MIUJeHHS 26UHIMOBO20 KOHBeepa. Bugedeno ananimuuni 3anedxcnocmi 01151 BUSHAYEHHS CUTOBUX,
KOHCMPYKMUGHUX | KiHeMamuyHux napamempis. Ompumani cniggioHouLeHHs. 00360810Mb 3 GUCOKOI0 MOYHICHIO
obyucIUmMYU ONMUMANbHI KOHCMPYKMUGHI 1l MeXHONnoziuni napamempu 2eunmosux xowusecpie (I'K), npu saxux
3a6e3neuyemscsi NOMPIOHA AKICMb CYyMIuLi npu GUCOKIN eghekmusHOCmi npoyecy mpaHCnopmy8aHHs.

Kniouoegi crosa: mexuonoeiunuii npoyec mpancnopmy8amHs, 26UHMOBI KOHGEEPU, CUNKULL Mamepian.

B. Gevko, M. Melnychuk, I. Shust

TRANSPORTATION RESEARCH PROCESS BULK MATERIAL
WIDELY UNIVERSAL SCREW CONVEYOR

Summary. Screw transporter has been developed, which consists of the vertical tube-column, to
which the horizontal loading branch is fixed rigidly in the upper part being able to revolve, and in the bottom
part — the unloading branch is fixed. Loading and unloading branches are similar in design and are separate
units with the separate electric drives located horizontally.

Screw shafts are fixed rigidly to the ends of the electric drives shafts and inserted into the tubes. The
other ends of the shaft are inserted into the tube ends piers. The second end of the tube of loading and unloading
branches is limited by the stopper, with the help of which they are fastened to the tube-stoppers of the upper and
bottom branches, which in their turn are fixed to the electric drives stoppers by the second end. Tube-stoppers of
the upper and bottom branches can revolve.

In the upper part of the tube-stopper of the unloading branch a cylinder hole is made to supply the
bulk-cargo from the top downwards.

Besides, the loading and unloading branches are equipped with the stopper mechanisms, one of which
is located in the upper part of the tube on the loading branch, and in the bottom, in the lower part of the
unloading branch. Stopper mechanisms are made as step-by-step cylinder rollers, which are fixed rigidly to the
stoppers and stopping bushes welded to the tube-column.

Stopper mechanisms are fixed rigidly to the tie links, which are mounted through the bushes by the
stoppers to the vertical tube-base, which is fixed to the frame. The supply of the bulk-cargo from the heap is
performed by the left end of the loading branch. The unloading of the bulk-cargo in the unloading branch 3 is
performed by the screw 6 through the exit into the tank.

The upper loading branch is mounted on the tube-column, the angle of its inclination to the horizon
being adjusted by the known-design mechanism. The bottom branch is mounted at the inclination angle to the
horizon. Besides, the screws of both branches are rigidly fixed to the shafts with uniformly increased steps along
the length of the upper branch towards the supply of the bulk-cargo in the place of the tube-column hole, and the
bottom branch towards the exit of the bulk-cargo from the transporter.

Key words: workflow transportation, screw conveyors, bulk material.
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Beryn. [l TeXHOJOTIYHMX OTepallii TepeMileHHs CHITKOTO BaHTAXY BEJIUKE
PO3MOBCIO/KEHHsT HAaOyJM TBHUHTOBI KOHBEEPH, SKI XapaKTepPH3YIOTbCS IMPOCTOTOIO
KOHCTPYKIIi Ta, BiINOBITHO, BUCOKOIO HAAIWHICTIO, IPOCTOTOIO B KOPUCTYBAHHI 1 JIETKICTIO
aJanTyBaHHS TpPH BHUKOPHCTaHHI B  aBTOMATH30BaHWX CHCTEMaX, EKOJIOTIYHICTIO
BHKOPHUCTAHHS BHACIJIOK 1X repMeTwdHoCTi [1-4]. [ yHiIBepcalhbHUX PO3BaHTAXKYyBaJIbHO-
3aBaHTA)XyBAJIbHUX KOMIUIEKCIB, SIKI MpPHU3HAYEHI JUIsI TPAHCIOPTYBAHHS BaHTAXy, SIK IO
TOPU3OHTAIBHUX, MOXWJIMX, TaK 1 BEPTHKAIBHUX TpacaX BUKOPHUCTOBYIOTH HIBHMIKOXIJHI
TBHHTOBI KOHBeepH. ICHYIOWI METOMM 1X PO3paxyHKY IPYHTYIOTBHCSI Ha Psi/ii TEOPETHYHHX Ta
eKCIIePUMEHTAILHUX JIOCHIDKeHh [1-4], a TakoX aHaji3i CTaTUCTHYHUX JIAHUX 3a
pesyibTaTtam ix exkcruryaramii [1-5].

AHam3 ocTaHHIX JocaikeHb 1 myOaikamiii. [lutanHsMm  gociimKeHHS
TEXHOJIOTIYHOTO IPOIIECY TPAHCIIOPTYBAHHS CHIIKMX MaTepialiB pi3HUX MEXaHi3MiB MallliH
npucBsdeHi mpami ['purop’esa A.M. [2], T'eeka B.M., Porartmncekoro P.M. [4, 9],
Jloseiikina B.C. [7], bapumesa A.l., bagumescskoro B.A. [6] , I'eBka L.b. [10] Ta iHmux.
OnHak, BpaxOBYIOUM PpI3HOMAHITHICTh TEXHOJOTIYHUX IPOLECIB 1 KOHCTPYKTUBHOTO
BukoHaHHd ['TTM, nurtanHs noTpedye MNOAANBIINX JOCTKEHb 1 YTOYHEHb Pi3HUX
napaMeTpiB TEOPETUIHOTO i TPAKTUIHOTO 3HAUCHHSI.

Merta po6orn. JIOCTHiAWTH TEXHOJOTIYHHN TPOIEC TPAHCIOPTYBAHHS CHITKHX
MaTepialiB TBUHTOBHM INHPOKOYHIBEpPCAIbHUM KOHBEEPOM 3 BUBEACHHSM aHATITUYHUX
3aJIEXKHOCTEN.

Peanizanisi po6otn. I1InexoBuii Tpancnoptep (puc. 1) ckiagaeThCs 3 BEPTUKAIBHOT
TPYOH-KOJIOHH 1, 70 SIKOT JKOPCTKO, 3 MOMKIIUBICTIO KPYrOBOI'O OOEpTAaHHS, 3aKpIIJICHO Y
BEpXHIll YacTWHI TOPU3OHTAIbHY 3aBaHTAXYBAJIbHY BITKY 2, a 3HHU3Y — TOPH3OHTAJIbHY
PO3BaHTAXYBAIBbHY — BITKY 3. 3aBaHTaXyBaJIbHI i pO3BaHTAXKYBaJIbHI BITKH € IICHTHYHUMU B
KOHCTPYKTHBHOMY BHKOHAaHHI y BHIVBIII CaMOCTIHHHX BY3JIB 3 1HJWBIIyaJIbHUMHU
€JIEKTPOIIPUBOAAMH 4 3 TOPU30HTAIHLHIM iX PO3MIIIECHHSIM.

Jlo KiHIIIB BaJIiB €JIEKTPONPHUBOIIB 4 KOPCTKO 3aKpillJieHl Baiu S5 31 mIHeKaMHu 6, siKi
BCTaHOBJIEHI B TpyOW 7. Jlpyrumu KiHIIMH BaJId 5 BCTaBJEHI B ONOPU TOPIIB TpPyO, sKi
3aKiHYYIOTBCS (UIaHIsIMHA 8, 3a JIONIOMOTOIO SIKHX BOHHM KpIIUIATBCS JIO TpyO-diaHiiz 9
BEPXHBOI Ta HIKHBOI TUIOK, SIKi, B CBOIO 4epry, APYTrAM KiHIIEM KpIIIAThes A0 ¢iaimiB 10
enekTpoaBuryHiB 4. TpyOu-duanmi 9 BepxHbOI 1 HMKHBOI BITOK MAarOTh MOXKJIMBICTBH
KpPYTOBOTO NPOBEPTAHHSI.
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7

Pucynok 1. llInekoBuii Tpancnoptep

Figure 1. Screw conveyor

VY BepxHiif uacTuHi (QuaHus TpyOM pO3BAaHTAXKYBAJIbHOI BITKM 3 BHKOHAHO
MATIHAPAIHAA OTBip 12 JUIS mMojadi CHIKMX MarepialliB 3BepXy BHU3. J[pyrmMu KiHIISIMU
Baja 5 y Tpybax 2 i 3 )KOpPCTKO BCTAHOBJEHI B MiMIMUMHUKAX 11 3 MOXKIUBICTIO KPYTOBOTO
MIPOBEPTaHHSI.

KpiMm mporo, 3aBaHTakyBaJlbHa 2 1 pO3BaHTaXyBaJlbHA 3 BITKH 0OJIaHAHI
MeXaHi3MaMu CTONOpiHHs 13, OJMH 3 SKUX PO3MilleHUH 3BepXy TpyOH Ha 3aBaHTAKYBaJIbHIH
BITIII 2, a HW)KHIA — 3HHM3Y pO3BaHTaXyBasibHOI BITKM 3. MexaHi3mu cromopyBaHHs 13
BHKOHAHI Y BHUTJIAAI CTYIMHYACTUX IMUTIHIPHYHUX BAIHMKIB 15, SKi dKOPCTKO KPIIUIATHCS 0
¢nanHniB 16 i 10 cTOmOpHUX BTYJIOK 14, mo mpuBapeHi 1o TpyOu-kojonu 1. Mexanizmu
CTONOPYBaHHS JKOPCTKO KPIIUIATHCS JO TIONEPEYHUX TAT, SKi depe3 BTYJIKH KPIIIISATHCS 3a
JIOTIOMOTOFO (DJTAHIIIB JI0 BEPTHKAIBHOI TPyOH — OCHOBH, SIKa JKOPCTKO KPIMMTHCS J0 KapKacy
(Ha KpecJeHHI He TMokKa3zaHo). 3alip CHIKOro Marepialy 3AIHCHIOETbCS JIIBUM KiHIIEM
3aBaHTAXyBAJIGHOI BITKM 2 uUepe3 3aBaHTaXyBajlbHE BIKHO. BHBaHTaXKEHHS CHITKOTO
MaTepially B pO3BaHTaXyBaJIbHIN BITI 3 3/1iCHIOEThCS IIHEKOM 6 depe3 BuXiJ 18 B eMHICTh
19.

Crroco0iB 1o/1a4i MaTepiaiiB y 3aBaHTaXyBaJIbHY BITKY MOXe OyTH JEKiJTbKa, BOHH
Biomi. Ha kpecnenni mnpenctaBieHo oauH 3 HuxX. KpimM 1mporo, B pasi mnorpedu
3aBaHTXYBaJbHA 2 1 pO3BaHTaXyBaJbHA 3 BITKH MOXYTh OyTH BCTaHOBJICHI ITiJT KYTOM JIO
TOPH30HTY, IO CTBOPIOE Kpaili YMOBH JUIsi TPAHCIOPTYBAaHHS CHIIKOTO Marepiainy (Ha
KpeclieHH1 He TIOKa3aHo).

[Ipy oMy BepxXHS 3aBaHTa)XyBajbHa BiTKa 2 BCTAHOBJICHA Ha TpyOi KojoHH 1 3
MOJKJIMBICTIO PETryJIIOBaHHS KyTa i1 HaXWUJIy JI0 TOPU30HTY MEXaHi3MOM BiIOMOI KOHCTPYKIIii.
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HwxHa BiTKa BCTaHOBIIEHA IT1JT KYTOM HaXWiIy A0 ropu3oHTy. KpiM 1boro, mHeku 000X BiTOK
YKOPCTKO MPHUKPITUICH] JIO BaJIiB 3 pIBHOMIPHO 301JIBINICHAME KPOKAMH IO JIOBXHHI — BEpPXHBOI
BITKM B OiK MOJaui CUIIKOTO Marepiajly B 30HY OTBOPY TPYOM KOJOHH, a HM)KHBOI BITKH — B
01K BUXOJTy CHIIKOTO MaTepiaiy 3 TpaHCIopTepa.

PoGota MexaHi3My 3AilCHIOEThCSI HAacTymHUM uuHOM. Cunkuii marepian uepes
3aBaHTXYyBaJIbHE BIKHO y TpyOi 7 3aBaHTaXyBaJIbHOI BITKM 2 HAJIXOIWTh y BHYTPIIIHIN
IpOCTip TpyOH 1 Ha MIHEK 6, SIK OKA3aHO CTPLIKaMH, i TPaHCIIOPTY€ETHCS B HANPSMKY TpyOH-
KojoHHM 1, ;e depe3 BikKHO 12 momagae B po3BaHTaXyBaldbHY BIiTKY 3 1 depe3 orBip 18
HAJXOJUTh y eMHICTh 19. 3a nmomomororo ¢ranmiB TpyO 16 BioMOi KOHCTPYKINI MOXHa
MMOBEPHYTH 3aBaHTAXYBAIbHY 2 1 PO3BAaHTAXKYBAIBHY 3 BITKH Ha HEOOXIHHHA KyT
TpPaHCIIOPTYBaHHS Marepially Ta 3adikcyBaTH BITKM B TIEBHOMY IIOJIOKEHHI MeXaHI3My
cromopyBaHHs 13.

BaxmuBoro  ymoBoro  mpu  BHOOpi  KOHBEEpIB Uil YHiBEepCaJIbHHUX
MepeBaHTAKYBATFHIX KOMILIEKCIB € BCTAHOBJICHHS 00JIACTi iX BUKOPHCTAHHS, 30KpeMa o010
TPaHCHOPTYBaHHs NEBHOTO [iala3oHy CHNKHX BaHTaxiB. Ockinbku, 3rigao 3 [7, 10],
MiHIMaJTbHA MeXa €HEProOEMHOCTI TBUHTOBHX KOHBEEPIB BH3HAYAETHCS KOS(DIIIEHTOM TEpPTS
BaHTaXXy JI0 MOBEPXHI CHipaji, TO BU3HAYAJIHLHOIO YMOBOIO IPH NPOEKTYBaHHI KOHBEepa €
HOTO0 CHPOMOXHICTh TpPAHCIIOPTYBAaTH BaHTAX 3 HECHPHSTIMBAMH BiacTUBOCTAMHU. [lpu
npoMy OyaeMo pO3IisfaTd HaWHeCHpHSTIMBIINIE, 3 TOYKA 30py EHEPreTHUYHUX 3aTpar,
BEepTHUKAJIbHE PO3MIIIEHHSI TBHHTOBOTO KOHBEEPA.

[loTyXHICTh TpaHCHOPTYBaHHS BaHTaXy TBUHTOBUMH KOHBeepamu 3rijgHO 3 [1-3]
BU3HAYAIOTH 32 3AJIC)KHICTIO

N=p,gOW,L+H), (1

JUIs BEPTUKAJIBHUX IIHEKIB N = p, gOW, , e p, — 00’ eMHa Maca (HacUIIHA T'YCTHHA) BaHTaXy
B MOTOIli; ¢ — MPUCKOPEHHS 3eMHOTO TsDKiHHS; ) — 00’€MHa MPOyKTUBHICTH KOHBeepa; W,
Ta W, — xoedimienT onopy mnepemimenHro Bantaxy; L ta H _ BiamosigHO 10BXHHA

TPAHCIOPTYBAHHS Ta BUCOTA HimioMmy BaHTaxy, mis BeprukanbEux 'K L = H . Hasenena
EHEPrOEMHICTh W, 10 BH3HAYa€ €HEPreTUYHI 3aTpaTd s IEPEMIINEHHS OJUHHUII Mach
BAHTAXY Ha OJUHHUINO JOBXKUHH, BiJNOBIIHO /IS BEPTUKAILHOIO TBUHTOBOTO KOHBEEpa Oy 1e

3a OCHOBHI KOHCTPYKTHBHI M TEXHOJIOTIYHI MapamMeTpu T'BUHTOBUX KOHBEEpPIB
IpUMeMO Taki, sIK 1 y BIIOMHX ONTHMI3aIlifHUX MOJAEsX: x, =D — 30BHIIIHIA JiamMeTp

KOXyXa; x, =@ — KyTOBa INBHJIKICTH OOEpTaHHS TBHUHTOBOI cmipanmi x, =tga =T /(D) —
TaHTEHC KyTa MiJHoMy BUTKA, [0 BU3HAYAETHCS KPOKOM IBHHTOBOI crtipami 7’5 x, =k, =d/D —
KOEQIIEHT, IO OIMIHIOETHCS BiTHOMICHHSM BHYTPIITHHOTO d 1 30BHIMIHBOTO D JTiaMeTpiB
TBHHTOBOI cripaii, x,=H — TOBIIMHA TBUHTOBOI crmipai. KpiM 11poro, BBeJIeMO mmapamerp,
IO BH3HAYAE XapPAKTEPUCTHKH PEXHUMY TBHHTOBOTO TPAHCIOPTYBaHHS X, =4 =tg@p, —
pO3paxyHKOBe 3HAaUeHHS Koe(dillieHTa TepTs BAaHTAXY JI0 MTOBEPXHi CIipali.

3a 3a7aH010 TIPOTYKTHBHICTIO BU3HAYAIOTH KyTOBY IIBHJIKICTh

1

wp, g tga- P (1-k)(1-Sc,) |

3
00+C) K, (1), 3)

ne K (i) — BHpas3, MO 3aJeKATHh TUIBKH Bl 4 ¥ OTPUMYETHCS CIIPOIICHHSM ITOTIEPETHBOTO
3 BpaXyBaHHSIM 3Ha4eHb F,. Sc, Ta C, .
BusnauaroTh 30BHIIIHIM AiaMeTp cripai
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1510 g
D= lzpkg/wzz g Q D(;ul) ) (4)

ﬂ;/5¢:/10(1 _ k;)mo

Kpoxk cripani Bu3HauaeTbes 3a 3aexHictio 7 =k, D .
BHyTpimHi# giameTp cmipaii (JiaMmeTp Bajia) BiIOBIIHO

d=k,D=D\z*+1-¢. /=g, (5)

ToBmuHa cripali i3 ymoBH [7]
H=8(D-d)/2. (6)

OchoBa MBUIKICTE TPAHCIOPTYBAHHS BaHTAXY 3TigHO 3 [7, 9] BHU3HAYaeThCs 3a
3ITIEKHICTIO

_To 1-5¢,

= 7
Ry 1+C, @

JInst TOBruX TBUHTOBHMX KOHBEEPIB 1X Bajl HECYTh 3HA4HI KPyTHI HaBaHTaKCHHS, a
TOMY OTpUMaHi 3HAYCHHS d TIEPEBIPSIOTH Ha BiMOBIIHICTH OOMEKECHHIO.

[Ipu #oro mopymieHHI BHYTPIIIHIA JiaMeTp BH3HAUAIOTh 3a HAOIMKEHOIO
3aJIeXKHICTIO

2k, M,
e (8)

1

Y noabIIoMy yTOYHIOIOTE 30BHIIMHIH JiaMeTp cIipai

8
D, - w\/dZDl_l L, ©)
k9,0,
ne 3HaueHHs D, Ta o, OepyTh i3 monepeHiX po3paxyHKiB.
[Ipu 3HaYHOMY PO3XOJUKEHHI 3HAUYeHb D _ Ta D yTOYHIOIOTH KoedillieHT k, =d/D

Ta po3paxyHKOBE 3HAYEHHS KyTOBOI HIBUJIKOCTI @ 3TIIHO 3 3aleXHICTIO (3).

JUJIT TOpU30HTATPHAX Ta HU3BKO-HAXWIICHUX MIBHIKOXITHUX TBUHTOBHUX KOHBEEPIB
HE iCHye KPHUTHYHOI KyTOBOI IIBHJIKOCTI, TOMY Tapamerp Sc=0, a pamioHAIbHUN KyT
MiIAOMY TBHHTOBOI CHipalli 3aJIe’KHOCTI BiJl KoeQillieHTa TepTs BH3HAYAETHCS TpadidHo,
HanpukiIan 3rigao 3 [10].

Y BuUmagKy 3aBaHTaXyBaJTbHO-PO3BAaHTAKYBAJTBHOI TPAHCIIOPTHOI TBHHTOBOT
CHCTEMH, sSIKa Ma€ JiBa TBUHTOBUX KOHBEEpH — 3a0ipHUWI i BHBaHTaXyBaJlbHHU, yMoBa Il
HOpMaJTbHOI poOOTH TOJISITae B 3a0e3MeUeHHI MPOAYKTUBHOCTI BUBAHTAXKYBAJIHLHOTO KOHBEEpA
Q, 6impIIoi HiX 3a0ipHOTO (O, 32 BCSIKUX YMOB, TOOTO

QZmin 2 ﬂ'Q]max > (10)

ne A —koedirmieHT 3amacy A =1,2—1.3 3aleXHO BiJl yMOB poOOTH;

O,,.. — OCATAETHCS NP TOPU3OHTAIFHOMY PO3MillleHHI 3a0ipHOTO KOHBeepa, a Q, . — MpH
BEPTUKAILHOMY BHBAHTa)XKyBaJIbHOMY.
Ynmoga (10) B mepmomy HaOIMKeHHI Oy 1e
¢H2D22a)2 thK2(1—SCm) > /1¢)~1D12w1 g, (11)

l+tga, teg(a, +¢,)  l+tgate(a+9)

OTpuMaHi CHIBBIAHOIIEHHS] JIO3BOJSIIOTE 3 BHCOKOIO TOYHICTIO OOYHCIUTH
ONTHMAJIbHI KOHCTPYKTHBHI ¥ TEXHOJOTIYHI mapameTpu TBHHTOBUX KoHBeepiB (I'K), mpum
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SKUX 3a0e3neuyeTbes NOTpiOHA SKICTh CyMIlIl HpHU BHUCOKIH e€(QEeKTHBHOCTI MpoIecy
TPaHCTIOPTYBaHHS.

BucHoBkn. Po3po0OiieHa KOHCTPYKIlSI IIMPOKO YHIBEPCATHHOTO TBUHTOBOTO
KOHBeEpa 3  PO3MHMPEHUMH  TEXHOJOTIYHHMH  MOXJIMBOCTSAMH 1 MIHIMaJIGHAMUA
eHeproBuTpaTamMu. IIpuBeneHI aHATITHYHI 3QJCKHOCTI JUISI BH3HAUCHHS CHJIOBHUX,
KOHCTPYKTUBHHX, KIHEMAaTHYHUX 1 TEXHOJIOTTYHHX ITapaMeTpiB.

Conclusions. The design is widely universal screw conveyor with advanced
technological capabilities and minimal power consumption. Analytical dependences are given
the power to determine, design, kinematics and technological parameters.
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