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TPaCHOPTYBaHHS CUIIKMX MaTepiaiB y 3MilllyBaJIbHAX KOMILJIEKCAX

2. Justification of Design and Technological Parameters of a Tubular-Crest Feeder for Transporting Bulk Materials
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Pedepar:

1. Y pesysbTaTi BAKOHAHHS OUCEPTALiiHOI pO60TH 6YJI0 PO3B'I3aHO aKTyabHy HAayKOBO-TEXHIUHY 3a7a4y :
PO3p0o6JIeHO TPyOHO-TpebeHeBUIl XUBUIIbHUK, 1110 3a6e3I1e4ye peryjboBaHUi IOTIK CUIIKOIO MaTepiasny 3
HEOOXiTHIMU TEXHOJIOTIYHMMU NIapaMeTPaMU Ta BJIACTUBOCTSIMY, & TAKOX iH)KEHEPHUI METO], PO3PAXYHKY.
HaykoBi gocigkeHHS BUKOHYBAJIMCh B PaMKax iHil[iaTUBHOi TEMaTUKU «YLOCKOHaJIEHHS CUCTEMU OyHKep —
SKUBWJIBHUK B 3MilllyBaJIbHUX KOMILJIEKCAX [IJIsS CUIIKMX MaTepiasiB Jierkoi IpoOMUCIOBOCTI» ([lep>kaBHUI
peectpauiinuii Homep: 0120U104531). O6’eKT JoCHiIKEHHS: Ipoliec 6e3epePBHOTO TPAHCIIOPTYBAHHS CUIIKUX

MarepiasiB y 3MillyBaJIbHUX KOMILIJIEKCAX i3 6€3[epePBHUM PEXKMMOM PO60TU. METOI0 AucepTaliliHOI poOOTH €



OOIrpYHTYBaHHSI KOHCTPYKTHBHUX Ta TEXHOJIOTIYHUX MTAapaMeTpPiB TPy64IaCTO-Tpe6HEBUX KUBUJIbHUKIB Y
3MillyBaJIbHUX KOMILJIEKCAX [JIs TOKPAI€HHS TPOLIECY TPAHCIIOPTYBAHHS CUIIKUX MaTepiasliB, MIISXOM
3MEHIIEHHSM I1yJIbCallill, KEPYBaHHS MIBUIKICTIO CUIIKOTO MaTepialy Ha BUXOJ] 3 JKMBUJIbHYKA T 3MEHILIEHHS TEPTS
B po00Yill 30Hi >XUBUJIbHUKA. HayKoBa HOBU3HA OLEP>KAaHUX PE3YJIbTATIB M10JISIra€ B HACTYITHOMY: CTBOPEHO
MaTeMaTu4Hi MOJieJIi poliecy TPaHCIIOPTYBaHHS CUIIKMX MaTepiaiB y Tpy04acTO-TpeOHEBOMY KUBUJIbHUKY, SIKi
YMO>KJIMBUJIY [IPOTHO3YBAHHS [TOBEIiHKY CUIIKAX MaTEpiajliB y CUCTEMI, BpaXOBYIOUH Pi3Hi MapameTpH, TaKi SK
BEJINYMHA YACTHUHOK, iX KOHLIEHTpallisl, BJIACTUBOCTI CepelOBUIIA Ta T€OMETPisl )KMBUJIbHUKA; aHAIITUYHO
OOI'PYHTOBAaHO MO>KJIMBICTb 3MEHILIEHHS ITyJIbCALli}l HA BUXOZ] 3 )KMBUJIbHMKA Y€Pe3 PO3MillleHHS TPEOHIB Ha CTiHKax
TpyOu. Lleit Bubip 37ilicHEHO Ha OCHOBI aHaJIi3y MeXaHIYHUX CUJI, IO Ail0Th HA YaCTMHKU CUIIKOTO Marepiany Ta
CTBOPEHHS e(EeKTUBHUX YMOB [J14 iX PyXy; 3aIIPOIIOHOBaHi CUCTEMU aBTOMAaTUYHOTO KEPYBAHHS TEXHOJIOTIYHUMU
IapaMeTpaMy Pyxy CUIIy4YUX MaTepiajiB y TPyOUaCTUX SXUBUJIbHUKAX, 1O NTepe10adaloTh MiKpOKOHTPOJIEPHE
KepyBaHH$ MBUIKICTIO 06EPTiB TPAHCIIOPTYBAJIIbHOTO €JIEMEHTA 3i 3BOPOTHUM 3B’13KOM Ta BUMipIOBaHHSIM
IIPOAYKTUBHOCTI. [IpakTH4YHe 3HaYeHHs JycepTalifiHoi poOOTH MOJISIrae B TOMY, 1I0 HA OCHOBI IIPOBEJEHUX
IOCJiI)KeHb: po3p006JIeHO HOBUI >)KUBUJIBHUK 6€3I1€PEPBHOI il 3 MiBUIIEHMMH 3IJ1a[IKYBaJIbHOIO 3IATHICTIO i
MOXJIMBICTIO KEPYBaHHS MIPOAYKTUBHICTIO; PO3PO6JIEHO aITOPUTM ITPOEKTYBAHHS HOBUX KMBUJIbHUKIB
6e3repepBHOI Aii; po3p00JIeHi aITOPUTMU Ta IIPOrPaMU [1JIsl IPOEKTYBAHHS Ta BUTOTOBJIEHHSI OYHKEpPiB Ta
SKMBUJIBHUKIB JJ151 CUTIKUX MaTepiasliB i3 BUKOPUCTaHHAM TexHoJiorii 3D-apyKy. CpopmyibOBaHO MeTY, 00'eKT i
IpeIMeT OOCJiIKEHHS, ONIMCAaHO HAayKOBY HOBU3HY Ta IIPAKTUYHE 3aCTOCYBAHHS Pe3yJbTaTiB POOOTU. Y NepuoMy
PO37iJi 3[iMCHIOETLCSA aHAali3 Cy4aCHOIO CTaHy BUKOPCTAHHSA KUBUJIbHUKIB 711 TPAHCIIOPTYBAaHHS CUIIKUX
MarepiaiiB B pi3HUX rajly3sx IPOMHUCIJIOBOCTI. Y IPYroMy pO3[ijli pO3IJISaAaloThCs KII0YOBi XapaKTEPUCTUKU
TpabyacTo-rpedHEeBOro XMBUJIbHUKA, BKJIIOUAIOUM JI€TaJIbHUAM aHajli3 HOro OCHOBHUX [1aPAMETPIB B 30HAX PYXY
cunkoro marepiany. HaBogstecst Gopmyiy BUSHAYEHHS! 06'€MHOI TPOYKTUBHOCTI JKUBUJIBHUKA. Y TPETbOMY
PO3iJi 3[iMCHIOTHCS JOCIIIKEHHS 32 JOIIOMOTOI0 MAaTEMATUYHUX MOZEJIEN Ta €KCIIEPEMEHTANIBHOI YCTaHOBKY,
TaKOX [IPOBEMIEHO ITOPIBHAJIIBHUM aHaJli3 3 aHAJIOT'OM TaKOTO JKUBUJIBHUKA. Y Y4ETBEPTOMY PO3[iJli IPOaHasi30BaHO
[IpPaKTUYHE BUKOPUCTAHHS Pe3yJbTaTiB HAYKOBUX JOCJiIKEHb AJ1s1 PO3POOKU Ta BIPOBA/I)KEHHS TPyOUacTo-
rpebGHEBOro KUBUJIbHYUKA 6e3nepepBHOi Aii. Po3rysiHyTO 3arasipHi MPUHLMUIN TPOEKTYBAHHS LIbOTO TUILY
SKABUJIbHUKA, Ki IPYHTYIOTBCSI HA PE3YJIbTaTaX €KCIIEPUMEHTAIBHUX Ta TEOPETUYHUX NOCTIIKEHb. Y TOJaTKax
HaBeJIEHO aKTU ITPO BIIPOBAPKEHHS Pe3yJIbTaTiB poo0oTU. KiI0uoBi cj10Ba: CUNIKKI MaTepia, OyHKep, )KUBUJIbHUK,
METO/, IUCKPETHUX €JIEMEHTIB, PYX, IIBUJIKICTb, ITy/bCallii, TPOAYKTUBHICTb, aJITOPUTM, €EHEPTrOE(PEKTUBHICTD,

TPA€eKTOPist, TEXHOMOTIST 3D-APyKy.

2. As aresult of the dissertation work, an actual scientific and technical problem was solved: a tube-comb feeder
was developed, which provides a regulated flow of loose material with the necessary technological parameters and
properties, as well as an engineering calculation method. Scientific research was carried out within the framework
of the initiative topic "Improvement of the hopper-feeder system in mixing complexes for loose materials of light
industry" (State registration number: 0120U104531). The object of research: the process of continuous
transportation of loose materials in mixing complexes with a continuous mode of operation. The purpose of the
dissertation is to substantiate the design and technological parameters of tube-comb feeders in mixing complexes
to improve the process of transporting bulk materials by reducing pulsations, controlling the speed of the bulk
material at the outlet of the feeder and reducing friction in the working area of the feeder. The scientific novelty of
the obtained results is as follows: mathematical models of the process of transporting bulk materials in a tube-
comb feeder were created, which made it possible to predict the behavior of bulk materials in the system, taking
into account various parameters, such as the size of particles, their concentration, properties of the environment
and the geometry of the feeder; the possibility of reducing pulsations at the outlet of the feeder due to the
placement of ridges on the pipe walls is analytically substantiated. This choice was made on the basis of the
analysis of mechanical forces acting on particles of loose material and the creation of effective conditions for their
movement; proposed systems for automatic control of the technological parameters of the movement of bulk
materials in tubular feeders, which involve microcontroller control of the speed of rotation of the transport
element with feedback and performance measurement. The practical significance of the dissertation work is that



on the basis of the conducted research: a new continuous feeder with increased smoothing ability and the ability
to control productivity was developed; an algorithm for designing new continuous feeders was developed;
developed algorithms and programs for designing and manufacturing bunkers and feeders for loose materials
using 3D printing technology. The goal, object and subject of the research are formulated, the scientific novelty
and practical application of the work results are described. The first chapter analyzes the current state of
utilization of feeders for transporting loose materials in various industries. In the second chapter, the key
characteristics of the comb feeder are considered, including a detailed analysis of its main parameters in the zones
of flow of loose material. The formulas for determining the volumetric productivity of the feeder are given. In the
third section, research is carried out with the help of mathematical models and an experimental setup, and a
comparative analysis with an analogue of such a feeder is also carried out. The fourth chapter analyzes the
practical use of the results of scientific research for the development and implementation of a tube-comb feeder
of continuous action. The general principles of designing this type of feeder are considered, which are based on
the results of experimental and theoretical research. Acts on the implementation of the work results are given in
the appendices. Keywords: bulk material, hopper, feeder, discrete element method, movement, speed, pulsations,
performance, algorithm, energy efficiency, trajectory, 3D printing technology.
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