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2. Improvement of three-dimensional printing equipment for manufacturing parts and products of light industry

Pedepar:

1. Y pesysbTaTi BAKOHaHHS JUCEPTaLiiiHOI po60TH 6YJI0 PO3B'I3aHO aKTyabHy HAyKOBO-TEXHIUHY 337]a4y
YIOCKOHAJIEHHS 006J1aiHaHHS TPUBUMIPHOTO JPYKY [J1s1 BATOTOBJIEHHS ieTajlell Ta BUPOOIB JIETrKOi IPOMHUCIJIOBOCTI.
3B'130K po6OTHU 3 HAYKOBUMMU ITPOrpamamy, IjlaHaMu, TeMamu. OIMH i3 po31iiB pO60TH BUKOHAHUI Y paMKax
ZIIOrOBOPY PO TBOPYY cHiBAPY>KHICTL MiX [1IT «Kpemo» Ta XMeNIbHUIbKAM HalliOHAJIbHUM YHIBEDCUTETOM:
«Po3pobka 06s1aHaHHS JJ151 PELMKIIIHTY [T0JTiIMEPHUX BiIXO[iB B3yTTEBOro BUpOO6HUITBaY (N2 02-2021TC,
0121U110126). O6’eKTOM OCiIKEHHS € POL,eCH TPUBUMIPHOTO JIPYKY IIPY BUTOTOBJIEH] fieTasneil Ta BUPOOiB J1erkoi
IIPOMUCJIOBOCTI. [IpeMeToM AOCIiIKEHHS € ITHEKOBUN eKCTPYAEP 00J1alHaHHS TPUBUMIPHOTO APYKY AJIS
BUTOTOBJIEHHS JeTajieil Ta BUPOOiB JIerkoi IpOMUCIIOBOCTi. MeTOl0 AucepTaliliHOi po60TH € YIOCKOHAJIEHHS
00J1aJHaHHS TPUBUMIPHOTO JIPYKY 32 paxyHOK BCTAaHOBJIEHHSI IIHEKOBOTO €KCTPYIepa, 110 BUKOPUCTOBYE IPaHyJIN
M NOJpibHEHI BiAX0IY NOJIiMEPIB y SIKOCTI BUXiJHOI CHPOBUHMU [1J151 BUTOTOBJIEHHS IeTajlell Ta BUPOOIB JIETKO1
IIPOMUCJIOBOCTI. HayKoBa HOBM3HA Ofep>KaHUX PE3YJIbTATIB I10JIIra€ B HACTYITHOMY: BII€pIIEe €KCIIEPUMEHTAJIbHO

OTPUMAaHO perpeciiiHi piBHSIHHS, 110 BPaXOBYIOTb 3aJI€XKHICTb 00'€MHOI IIPOAYKTHBHOCTI ITHEKOBOT'O €KCTPYIepa Bix



OCHOBHUX ITapaMeTpiB: fiameTpa NoApibHeHNUX NOJIMEPHHUX BiIXOMiB, 4aCTOTH OOEPTAHHS IIHEKY Ta TEMIIEPATypPU
IIJIaBJIEHHA IIOJIIMEPY JJ1s1 IBOX BUIB IJIaCTUKIB — ABS Ta TPU, 1m0 fae 3MOry ONTUMi3yBaTH IIPOLE€C BUTOTOBJICHHS
netajsel Ta BUpOOiB JIerkoi MPOMMCIIOBOCTI; OTPUMAB MOJAJBIINI PO3BUTOK aHAITUYHUIN METO]l BU3HAYeHHS
OCHOBHUX IIapaMeTpiB ITHEKOBOTO EKCTPyepa 06J1alHaHHSI TPUBUMIPHOTO IPYKY, SIKA BKJIIOYA€ PO3PAXYHOK
koepillieHTa onopy coresl, 06'€MHOI IPOLYKTUBHOCTI, TUCKY B IHEKOBOMY KaHaJli, IOTYKHOCTi IPUBOAY, 110 A€
MO>XUJIMBICTb ONITUMI3allii KOHCTPYKTUBHUX €JIEeMEHTIB eKCTPY3ifHOrO YCTaTKyBaHHS; pO3P0O0JIEHO HOBY CUCTEMY
OXOJIOJPKEHHSI IIHEKOBOT'O €KCTPyAepa 001aJHaHHS TPUBUMIPHOIO IPYKY 3 BUKOPUCTAHHSM TEILJIOBOTO 6ap’epy i
MOBITPSIHOTO 06YBY Ta IOCiAKEHO Y IporpamHomMy cepenoBui SolidWorks Simulation po3noain remneparyp B
Pi3HUX H10T0 30HaX, 110 3a11006irae neperpipy noJiMepHOro MaTepiajy B 3aBaHTaKyBaJIbHOMY OYHKepi Ta HilTpUMye
CTabiNIbHICTh NPOLIECY BUTOTOBJIEHHS IeTaylel i BUPOOiB; eKCIIEPMMEHTAJIbHO 3[iICHEHO JOCIIiIKEeHHS
XapaKTEPUCTUK NOAPIOHEHNX NIOJIIMEPHUX BiIXOLiB, SIK BUXiJJHOI CUPOBMHH [JI51 ITHEKOBOTO €KCTPyepa
0071aHAaHHS TPUBUMIPHOTO JIPYKY, Ta OOYI0BAHO perpeciiiHy Mozesib 3aJ1e’KHOCTI HAaCUITHOi TYCTUHU Bif, liameTpa
YaCTOK, $IKi € BXKJIMBUMU JJI51 PO3PaxyHKy TUCKY B 30Hi JKUBJIEHHS €KCTpyaepa. [IpakThyHe 3HaYeHHS Ol p>KaHUX
Pe3yJIbTaTiB MOJIsIrae y BUKOPUCTaHHI YI,0CKOHAJIEHOT0 00J1alHaHHs TPUBUMIPHOrO APYKY Ha MiJIIPUEMCTBAX JIETKOI
IIPOMUCJIOBOCTI Ta Ha (pipMax, 0 CHeLiali3yloTbCs Ha IPOJaXi Ta CEPBICHOMY OOCIIyTOBYBaHHi IBETHOTO
YCTaTKyBaHHS. Y BCTYIHIN YaCTHHI IPECTaBIE€HO KOMIJIEKCHUI OTJISAL OOCIIIPKEHHS, SIKU BKJIIOYaE
OOI'PYHTYBaHHS aKTyaJIbHOCTi TeMU, BUBHAUEHHS 11ijIeil Ta 33724, a TAKOX 3B'SI30K POOOTU 3 HAYKOBUMHU IJIaHAMU,
nporpamamu Ta remaMu. CPOpMyIbOBAaHO METY, O0’€KT i IpeAMET NOCIIiIPKEHHS, OIIMCAaHO HAaYKOBY HOBU3HY Ta
IIPAKTUYHE 3aCTOCYBAHHS Pe3yJbTaTiB pOOOTH. Y MepIIoOMY pO3[ii 3[iICHIOETbCS aHalli3 Cy4aCHOTO CTaHy Ta
[IEPCIEKTUB 3aCTOCYBaHHS TEXHOJIOTIN TPUBUMIPHOTO [PYKY B JIETKill IIPOMUCJIOBOCTI. Y IPyroMy pO31isi
PO3IJISAAI0THCS KIIIOUOBi XapaKTEPUCTUKH IIHEKOBOTO €KCTPyAepa 00J1aHaHHS TPMBAMIPHOTO IPYKY, BKJIIOYAI0UU
IeTaJIbHUI aHaJIi3 IOr0 OCHOBHUX NIAapaMEeTPiB B 30HAX JKMBJICHHS Ta [03yBaHHs. HaBoasaTbcs popmyn
BH3HAUYEHHS 06'€eMHOI IPOAYKTUBHOCTI eKcTpyZepa. HaBonuTbcs 3a1eXHICTb [1s1 BUBHAYEHHS ITIOTYKHOCTI TPUBOLY
eKcTpyzepa. Y TpeTbOMY PO37iji 31ilICHIOETbCS YIOCKOHAIEHHS 00J1alHaHHS TPUBUMIPHOIO APYKY 3 IIHEKOBUM
€KCTPYAEPOM JJ151 IEPEPOOKY MOAPIOHEHUK MTOJIMEPIB. PO3P0O06JIEHO Ta BUTOTOBJIEHO MIHEKOBUI €KCTPYIED,
CHMHXPOHI30BaHO 10r0 po6oTy i3 061afHaHHSIM TPUBUMIPHOTO APYKY. JJOC/IIIKEHO CUCTEMY OXOJIOIPKEHHS
IIIHEKOBOT'O eKCTpyepa. B ueTBepToMy po3zii 31iliCHIOETCSI BUBHAYEHHS €KCIIEpUMEHTAIbHUM IIJISIXOM (i3uKO-
MEXaHiYHUX BJIACTUBOCTEN NOPiOHEHUX NOJIIMEPHHUX BilX0OAiB. BUBOISTBCS perpeciiiti piBHSIHHS 00'€MHOI
IIPOAYKTUBHOCTI B 3aJIE5KHOCTI Bif] liaMeTpa MOAPiOHEHOTO NOJIiMEPyY, YaCTOTU OOEPTaHHS LTHEKY Ta TEMIIEPATypHU
IIJIaBJIEHHS IIJIACTUKY. B IMaTOMY pO37ini IPOBOIATHCS eKCIIepUMEHTANIbHI JOCTiIKeHHSs Pi3nKo-MeXaHIYHIX
XapaKTEPUCTHUK 3pa3KiB, BUTOTOBJIEHHUX 3a JJOIIOMOTO0 00J1afflHaHHS 06'€MHOIO APYKY i3 NOJpibHEHUX MOJIiIMEePHUX
BigxoniB. HaBoAsTbCS IJISIXM Ta IPUKIJIAAY MOTO 3aCTOCYBAHHS 1711 CTBOPEHHS JleTasell Ta BUPOOiB JIerkoi
IIPOMHUCJIOBOCTI. Y JoJlaTKaxX HaBeJEeHO: HAyKOBi My6JliKallii, B IKUX BiZloOpa>keHO OCHOBHi HayKOBi pe3y/bTaTu
po6OTH; BilOMOCTi IIPO anpobaliilo pe3yJbTaTiB gucepTallii; IaTeHT Ta aKTU [P0 BIPOBAIKEHHS Pe3yJIbTaTiB

poboTu. Kito4yoBi ciioBa: jierka IpOMHUCIIOBICTb, TPUBUMIPHUM APYK, 3D-NIpUHTED, INHEKOBUM €KCTPYLEP.

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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BiiacHe IIpi3Buie Im'sa ITo-6aTbKOBI Cuniok Osier MuKoJs1atoBuy
rOJIOBH pajgu

BiiacHe IIpi3Buie Im'sa ITo-6aTbKOBI Cutiok Osier MyKosiaiioBny
rOJIOBYIOYOTO Ha 3aCifilaHHi

BigmoBigasbHUH 32 MiATOTOBKY Konppartiok K.P

00JIIKOBHX JJOKYMEHTIB

Peectpartop YkpIHTEI

KepiBHuk Bigginy YKpIHTEI, mpo €
BiZITIOBiZaJIbHUM 32 PEECTpalLilo HayKOBO1 IOpuenko TeTsHa AHaToJiiBHA

OisSIIBHOCTI




