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Pedepar:

1. Y pesysibTaTi BAKOHaHHS JUCEPTaLiiHOI pO60TH 6YJI0 PO3B'I3aHO aKTyalbHy HAyKOBO-TEXHIYHY 33]1a4y
YIOCKOHAJIEHHS 00JIalHaHHS TPUBUMIPHOTO IPYKY OJI1s1 BATOTOBJIEHHS I€Tajel Ta BUPOOIB JIETKOI IPOMHUCJIOBOCTI.
3B'430K po60THU 3 HAYKOBUMM IIPOrpaMaMy, IJIaHaMu, TeMaMmu. OIMH i3 po31iiB pO60TH BUKOHAHUI § paMKax
IIOrOBOPY PO TBOPYY cHiBAPYKHICTh MiX [1IT «Kpemo» Ta XMeNbHUIbKAM HalliOHAJIbHAM YHIBEPCUTETOM:
«Po3pobka o6s1agHaHHA JJ151 PELUKIIIHTY [TOJIMEPHUX BiIXO[iB B3yTTEBOr0 BUPOOHUIITBAY (N2 02-2021TC,
0121U110126). O6'eKTOM LOCJiAKEHHS € IPOL,ECH TPUBUMIPHOTO APYKY ITPU BUTOTOBJIEHI leTajiel Ta BUPOOiB JIETKOi
IIPOMUCJIOBOCTI. [TpeMeToM OCiIpKeHHs € IHEeKOBUM eKCTPyAep 06JsalHaHHs TPUBUMIPHOIO APYKY AJIs
BUTOTOBJIEHHS JieTajieil Ta BUPOOiB JIerkoi IPOMUCIIOBOCTI. MeTolo AucepTaliiiHoi po60TU € Y OCKOHAJIEHHS

O6JIaJ.IHaHHH TpI/IBI/IMipHOFO APYKY 3a PaXyHOK BCTaHOBJIEHHS MIHEKOBOT'O €EKCTPYAEPA, 110 BUKOPUCTOBYE I'PaHYJIN



4y noApibHeHi BiXo1y NOJiMEPIB Y SIKOCTi BUXiIHOI CHPOBUHM 1151 BATOTOBJIEHHS JieTajleil Ta BUPOOIB J1erKoi
IIPOMHUCIIOBOCTI. HaykOBa HOBU3HA OJlep>)KaHUX PE3YJIbTATIB MOJISITA€ B HACTYITHOMY: BIIEPIIE €KCIIEPUMEHTAJIBHO
OTPUMAaHO perpeciiiHi piBHSIHHS, 110 BPaXOBYIOTb 3aJI€XKHICTb 06'€MHOI IPOAYKTHMBHOCTI ITHEKOBOTO €KCTPYIepa Bix
OCHOBHUX ITapaMeTpiB: fiameTpa NopibHeHUX NOJiMEPHHUX BiIXOMiB, YaCTOTH OOEPTAHHSI IIHEKY Ta TEMIIEPATypU
IIJIABJIEHHS NOJIIMEPY AJ1s1 IBOX BUIIB IUIacTUKiB — ABS Tta TPU, 1m0 gae 3Mory onrumisyBaTu IIpoL,EeC BUTOTOBJIEHHS
nietajsel Ta BUPOOiB JIerkoi MPOMUCIIOBOCTI; OTPUMAB MOJAJIBIINI PO3BUTOK aHAITUYHUIN METO]l BU3HAYEHHSI
OCHOBHUX IIapaMeTpiB ITHEKOBOTO EKCTPyepa 06J1aiHaHHSI TPUBUMIPHOTO IPYKY, SIKW BKJIIOYA€ PO3PAXYHOK
koeilieHTa onopy coresl, 06’€MHOI IPOLYKTUBHOCTI, TUCKY B IHEKOBOMY KaHaJli, HOTYKHOCTi IPUBOAY, 110 Ja€
MOXKJIMBICTb ONITHMI3aLlii KOHCTPYKTUBHUX €JIEMEHTIB €KCTPY3ilIHOrO yCTaTKyBaHHS; pO3P0O06JIEHO HOBY CUCTEMY
OXOJIOJPKEHHSI IIHEKOBOT'O eKCTPyAepa 001aJHaHHS TPUBUMIPHOTIO IPYKY 3 BUKOPUCTAHHSM TEILJIOBOTO 6ap’epy i
MOBITPSIHOTO 06yBY Ta JOCJIIKEHO Y IporpamHoMy cepenosuli SolidWorks Simulation posnoain remneparyp B
Pi3HMX OT0 30HAaX, 110 3a1106irae neperpipy noJiMepHOro MaTepiajy B 3aBaHTaKyBaJIbHOMY OYHKepi Ta HilTpUMye
CTabiNIbHICTh NPOLIEeCY BUTOTOBJIEHHS! ieTaslell i BUPOOiB; eKCIIepUMEHTAJIbHO 31iICHEHO JOCIIiIKeHHSI
XapaKTEPUCTUK NOAPIOHEHNX NI0JIIMEPHUX BiJIXOJiB, SIK BUXiJJHOI CUPOBMHU [JI51 IIHEKOBOT'O €KCTPYyepa
06J1aHAaHHS TPUBUMIPHOTO JIPYKY, Ta MOOYI0BAaHO perpeciiiHy Mozesib 3aJ1e’KHOCTI HACUITHOi TYCTUHU Bif, iamMeTpa
YaCTOK, $IKi € BOKJIMBUMU [J151 PO3PaxyHKy TUCKY B 30Hi JKUBJIEHHS €KCTpyaepa. [IpakThyHe 3HaYeHHS OleP>KaHUX
Pe3yJIbTaTiB NoJIsirae y BUKOPUCTaHHI YI,0CKOHAJIEHOTo 00J1alHaHHs TPUBUMIPHOrO APYKY Ha MiJIIPUEMCTBAX JIETKOI
IIPOMHUCJIOBOCTI Ta Ha (pipMax, IO CIELiai3yloThCs Ha IPOJaXi Ta CEPBICHOMY OOCIyrOBYBaHHI IIBEMHOTO
YCTATKyBaHHS. Y BCTYIIHIN YaCTUHI NIPELCTABIE€HO KOMIUIEKCHUM OIJISI, LOCIIIIKEHHS], SKUM BKJIIOYae
OOIPYHTYBaHHS aKTyaJIbHOCTi TeMU, BUBHAUEHHS 11iieil Ta 33724, a TAKOX 3B'SI30K POOOTU 3 HAYKOBUMHU IIJIaHAMU,
nporpamamu Tta remaMu. CPOpMyIbOBaHO METY, 00’eKT i IpeAMET NOCIiIPKEHHS, OIIMCaHO HAYKOBY HOBM3HY Ta
[IPaKTUYHE 3aCTOCYBAHHS PE3YJIbTATiB POOOTHU. Y IEPIIOMY PO3LiJi 3iMICHIOEThCS aHAJII3 Cy4YaCHOTO CTaHy Ta
MIEPCIEKTUB 3aCTOCYBaHHS TEXHOJIOTIN TPUBUMIPHOTO APYKY B JIETKill IPOMUCJIOBOCTI. Y IPyroMy po3misi
PO3IJISAAI0THCS KIIIOUOBi XapaKTEePUCTUKY IIHEKOBOT'O €KCTPyAepa 00J1aJHaHHS TPMBAMIPHOTO APYKY, BKJIOYAI0UU
IeTaJIbHUI aHaJIi3 IOro OCHOBHUX NTAapaMEeTPiB B 30HAX >KMBJIEHHS Ta [03yBaHHs. HaBoasTbeest popmynn
BU3HA4YEHHS 00'€MHOI TPOJYKTUBHOCTI eKCTpyAepa. HaBoAUTbCS 3a71€XKHICTh [171s1 BU3HAYE€HHSI [TOTY>KHOCTI IIPUBOLY
eKkcTpyzepa. Y TpeTbOMY PO3iji 31ilICHIOEThCS YIOCKOHAIEHHS 06J1aJlHaHHS TPUBUMIPHOIO APYKY 3 IIHEKOBUM
€KCTPYAEPOM JJ151 IEPEPOOKY MOAPIOHEHUX MTOJIiIMEPIB. PO3pP006JIEHO Ta BUTOTOBJIEHO MIHEKOBUI €KCTPYIEP,
CHHXPOHI30BaHO HOro poboTY i3 06J1alHAHHSIM TPUBUMIPHOTO IPYKY. JOCIiIKEHO CUCTEMY OXOJIOKEHHS
IIHEKOBOT'O eKCTPyAepa. B ueTBepToMy po3zii 31iliCHIOETbCSI BUBHAYEHHS €KCIIEPUMEHTAIbHUM IIISIXOM (i3HKO-
MeXaHiYHUX BIaCTUBOCTEN MOAPiOHEHUX MMOoJIiIMEPHUX BiX0MiB. BUBOASTHCS perpeciiiti piBHAHHS 06’ €MHO]
IIPOAYKTUBHOCTI B 3aJI€5KHOCTI Bif|, liaMeTpa MOAPiOHEHOTO NOJIiMePyY, YaCTOTU OOEPTaHHS LTHEKY Ta TEMIIEPATypHU
IJIaBJIEHHS MIJIACTUKY. B 'ITOMY pO37isi MpOBOASTHCS €KCIIEPUMEHTANbHI JOCTiIKeHHS (i3NKO-MeXaHIYHUX
XapaKTePUCTHUK 3pa3KiB, BUTOTOBJIEHUX 3a JOIIOMOT00 00J1aZiHaHHS 06'€MHOTO APYKY i3 MO pibHEeHUX MOJIiMepHUX
BigxomniB. HaBo#sThCs IJISIXM Ta NPUKIJIAAY MOTO 3aCTOCYBAaHHS /1711 CTBOPEHHS JleTasell Ta BUPOOiB JIerkoi
IIPOMUCJIOBOCTI. ¥ 0JlaTKaxX HaBe[eHO: HayKOBi MMy06sIiKallii, B AIKMX BijoOpa’keHO OCHOBHI HAayKOBi Pe3yJIbTaTu
po6OTH; BiOMOCTI IIPO anpobaliilo pe3ysbTaTiB JucepTalii; aTeHT Ta aKTH [IPO BIPOBAIKEHHS Pe3yJIbTaTiB

poboTu. Kito4yoBi cjioBa: jierka NpoOMHUCIIOBICTb, TPUBUMIPHUM APYK, 3D-NpUHTED, INHEKOBUI €KCTPYLEDP.

2. As aresult of the dissertation work, the actual scientific and technical problem of improving the three-
dimensional printing equipment for the manufacture of parts and products of light industry was solved.
Connection of work with scientific programs, plans, topics. One of the sections of the work was carried out within
the framework of the agreement on creative commonwealth between PE «Credo» and Khmelnytskyi National
University: «Development of equipment for recycling polymer waste from shoe production» (No. 02-2021TS,
0121U110126). The object of research is processes of three-dimensional printing in the manufacture of parts and
products of light industry. The subject of research is a screw extruder of three-dimensional printing equipment for
the manufacture of parts and products of light industry. The purpose of the dissertation is to improve the three-
dimensional printing equipment by installing a screw extruder that uses granules or crushed polymer waste as raw
materials for the manufacture of parts and products of light industry. The scientific novelty of the obtained results



is as follows: o regression equations were experimentally obtained for the first time, taking into account the
dependence of the volumetric productivity of the screw extruder on the main parameters: the diameter of the
crushed polymer waste, the rotation frequency of the screw and the melting temperature of the polymer for two
types of plastics - ABS and TPU, which makes it possible to optimize the process of manufacturing parts and
products light industry; o the analytical method of determining the main parameters of the screw extruder of three-
dimensional printing equipment, which includes the calculation of the nozzle resistance coefficient, volumetric
productivity, pressure in the screw channel, and drive power, was further developed, which makes it possible to
optimize the structural elements of the extrusion equipment; o a new cooling system for the screw extruder of
three-dimensional printing equipment was developed using a thermal barrier and air blowing, and the
temperature distribution in its various zones was investigated in the SolidWorks Simulation software environment,
which prevents overheating of the polymer material in the loading hopper and supports the stability of the
manufacturing process of parts and products; o an experimental study of the characteristics of crushed polymer
waste as raw material for a screw extruder of three-dimensional printing equipment was carried out, and a
regression model of the dependence of the bulk density on the diameter of the particles, which is important for
calculating the pressure in the feed zone of the extruder, was built. The practical significance of the obtained
results lies in the using of improved three-dimensional printing equipment at light industry enterprises and firms
specializing in the sale and service of sewing equipment. The introductory part presents a comprehensive review
of the research, includes substantiation of the topicality of the topic, definition of goals and objectives, as well as
the connection of the work with scientific plans, programs and topics The goal, object and subject of the research
are formulated, scientific novelty and practical application of the work results are described. In the first chapter,
the current state and prospects for the application of three-dimensional printing technologies in light industry are
analyzed. The second section examines the key characteristics of the screw extruder of 3D printing equipment,
including a detailed analysis of main parameters in the areas of feeding and dosing. Formulas for determining the
volumetric productivity of the extruder are given. A dependence is given to determine the power of the extruder
drive. In the third section, three-dimensional printing equipment with a screw extruder for processing crushed
polymers is improved. A screw extruder was developed and manufactured, and its operation was synchronized
with the 3D printing equipment. The cooling system of the screw extruder. In the fourth chapter, the physico-
mechanical properties of crushed polymer waste are determined experimentally. Regression equations of
volumetric productivity depending on the diameter of the crushed polymer, the rotation frequency of the screw
and the melting temperature of the plastic are derived. In the fifth chapter, experimental studies of the physical
and mechanical characteristics of the samples made with the help of volumetric printing equipment from crushed
polymer waste are carried out. Ways and examples of its application for the creation of parts and products of light
industry are given. The appendices include scientific publications that reflect the main scientific results of the
work: information on the approval of the dissertation results; patent and acts on implementation of work results.
Keywords: light industry, three-dimensional printing, 3D printer, screw extruder.
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dopma BiracHOCTI: /lepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepCcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: YHIBepCUTETCHKUI

VIII. 3aKkJII04Hi BiZoOMOCTi
Bsacue IlpisBume Im'st [T0-6aTbKOBI Cuttok Oser MuKosaiosu

TOJIOBH pajgu

Biacue IpizBume Im's I1o-6aThKOBI Cuntok Oner Mukonanosnd

TOJIOBYIOYOTO Ha 3acCiiaHHi

BignoBigasbHUMH 3a HiATOTOBKY Konppartiok K.P

00JIiKOBUX JOKYMEHTIB

PeecTparop VkpIHTEI



KepiBHuk Bigginy YKpIHTEI, mpo €
BiZITIOBiZAIBHUM 3a peecTpallilo HayKoBoi IOpuenko TeTsHa AHaTosiiBHA

IisiIbHOCTI




