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1. Inceprauis Ha 3006yTTSI HAYKOBOTO CTyIEHsI JOKTOpa ¢inocodii 3a cnenianpHicTio 133 «I'anysese
MamuHOOyayBaHHS». — HanjioHanbHUI TexHiUHMI yHiBepcuTeT Ykpainu «KuiBcbKUl NOJiITeXHIYHUH iHCTUTYT iMeHi
Irops Cikopcbkoro», Kuis, 2020. [lucepTauiiiny po60Ty IPUCBSIYEHO NOCIiIPKEHHIO IIPOLeCy IPOCTOPOBOro APYKY,
a came BIIMBY OCHOBHUX TEXHOJIOTIYHMX ITIapaMeTpiB Ha BEJIMUMHY MIXKIIAPOBOi azresii Ta JoKajabHy gedopmaliiio
HaHECEHOTO TEPMOIIJIACTUYHOTO MOJIMEPHOTO MaTepiay B IPOLECi OXOJIOMIKEHHS, a TAKOK BUBUEHHIO JUHAMIKN
IepeMilleHHS BUKOHaBYMX opraHiB FDM 3D npuHTEPIB B 3aJI€5KHOCTI Bifl TUITy KOHCTPYKTUBHOI cxeMHu. [IpoBeneHo

AQHAJIITUYHUH OIJIS], Cy4aCHOTO CTaHy LOCJIiI>)KeHb TEXHOJIOTII IPOCTOPOBOro APYKY. PO3IJIIHYTO OCHOBHI CyYacHi



TEXHOJIOTii aAUTUBHOIO BUPOOHULITBA, CUCTEMATU30BaHO KOHCTPYKIIii ycTaTKyBaHHS 3D IpyKy TEPMOIIIACTUYHUMU
MOJIiIMEPHUMU MaTepiajlaMM B 3aJI€SKHOCTI Bifj KIHEMAaTUYHOI CXE€MU MEPEMIllIeHHSI BUKOHABYMX OPraHiB, PO3IJISIHYTO
TUIIA KOHCTPYKLiN APYKyBaJbHUX FOJIOBOK HA OCHOBI NIAaTEHTHOTO MOIIYKY, [IPOaHali30BaHO AOCHiIKeHHs (Pi3uKo-
MEXaHIYHUX XapaKTEPUCTUK JPYKOBAaHUX BUPOOIB B 3aJIEXKHOCTI Bifi OCHOBHUX napamMeTpiB 3D ApyKy Ta reomeTpii
HaHeceHHs mapiB. [IpoBeneHnit oI/ 10Ka3as, O rajly3b Cy4aCHOrO aJUTUBHOTO OOJIaJHAHHS /17151 OJleP>KaHHS
[oJliMepHUX BUPOO6IB HaI3BMYAHO MIBUIKO PO3BUBAETHCSI, [IPOTE MiTXOAU 10 KOHCTPYIOBAHHS HOBUX THUIIB
00J1afHaHHS HE BPaXOBYIOTb BJIACTUBOCTEN BUTPATHOrO Marepiasny. [0JI0BHMM 3aBAaHHAM iHXKeHePiB Mg, yac
IIPOEKTYBAHHS € ONTUMI3allisl Ta MOJEPHI3alis iCHYI0UMX KOHCTPYKLiNA. TakoK HELOCTAaTHbO BUBUYEHUM € NTUTAHHS
npouecy GOpMyBaHHS TOTOBUX BUPOOIB. [IpoBefieHi foCiI KeHHsI MeXaHiYHUX BJIACTUBOCTE! 3pa3KiB He [1aloTh
TOYHUX JAHUX PO BEJIMYUHY Ta IIPUPOAY MIKIIAPOBOi aaresii, Ika € 0CHOBOIO aIUTUBHUX TEXHOJIOTiN. HaBiTh B
IOOCJIiIKE€HHSIX, 10 IPOBOAW/IM BUIIPOOOBYBAHHS HA CTATUYHUI OGHOOCBOBUN PO3TAT B ONIEPEYHOMY HAIPSIMKY [0
HaHeCEeHHS 1apiB, 6yJia MPUCYTHS KOHTYPHA CTiHKA, a 1ie, B CBOIO Yepry, € HEKOPEKTHUM [1J151 BCTAHOBJIEHHS
BEJIMYMHYU MDKIIApOBOi aaresii. BapTo 3asHaynTy, 10 IPAKTUYHO HE BUBYEHUM € NIMTAHHS [TOBEIiHKU PO3IIJIaBy
TEPMOIIJIACTUYHOT'O MaTepiasy Iicyst HOoro BUXOy 3 APYKyBaJIbHOI F'OJIOBKY, a CaMe IPOLEC Oro OXOJIOIPKEHHS Ta
B3aeMofii 3 monepegHbO0 HaHECEHUM MaTepiasiom. OKpeMOI0 IPUKIIATHOIO TEMOIO, 0 TAKOX C1ab0 BUBYEHA, €
[IMTaHHS JUHAaMIiKU PyXy BUKOHABUMX OPTaHiB Ta MPOAYKTUBHOCTI 06J1alHAHHS B 3aJIE5KHOCTI BiJi KOHCTPYKTHBHOI
cxeMu. [I71s1 MoziesII0OBaHHS IIPOLIECY OXOJIOIKEHHS B pOOOTi BUKOPHUCTAHO JBOBUMIPHY MaTeEMaTUYHY MOJIEJIb
HECTal[iOHApHO]I TEIJIONPOBIAHOCTI Ta MOJEJb T€Uii HEHBIOTOHIBCHKOI HEI30TEPMIYHOI piguHU. [IJ11 MOLETI0OBaHHS
nepopMyBaHHS apy MOJiMEPY Iif, Ai€l0 BJIACHOI Baru 3 OJJHOYaCHUM OXOJIOZPKEHHSIM ITiCJIsl HAHeCEHHS Ha
nonepeHill map po3p’sa3yBajiach 3B’13aHa TEPMOMEXaHIYHa 3a7ja4a 3 ypaxyBaHHSIM CTEIeHEeBOi 3aJ1eXKHOCTI
B'I3KOCTi ITOJIIMEPY BiJl IUBUIKOCTI fedopmaliii Ta 3akOHOM AppeHiyca 3a/1e5KHOCTI B'I3KOCTI BiJ] TEMIIEpaTypHu.
OTpumaHi pe3ysibTaTy IOKA3aJH, MO 32 YMOB iHTEHCMBHOTO OO/1yBY IOJIiMED MEHII HiX 3a 1 ¢ BCTUTae OXOJIOGUTUCH
IO TEMIIEpATyp, HWKUMX 32 TEMIIEPATYPy TeKy4OCTi 6e3 IoMiTHUX Tedopmarliii. [IpoTe [ HemomyleHHs
KOpOOJIEHHS Ta PO3lIapyBaHHs BUPOOiB TeEMIIEpaTypa He Mae BUXOJATHU 32 MI€BHI MeXi, 1110 CBiIYMTb IIPO T€, 110
IIOBMHEH OyTY BCTAHOBJIEHUH NIE€BHUI MiHiMaJIbHUI IIPOMIXKOK Yacy 4O HAHECEHHS HACTYIIHOTO Wapy, Pi3HUI 11
pi3Hux nosjimepis i po3mipis mapy. Lle Hakagae 06MeKeHHs Ha JOMYyCTUMY MIBUIKICTb po60TH 3D-nIpuHTEpa.
MopeoBaHHS fa€e 3MOTy OTPUMATH JlaHi IIPO CTYIIiHb 3a[I0BHEHHSI I10IIePEYHOro nepepizy BUpobiB, BCTAHOBUTU
IIPUYMHM N105BU e dEeKTiB Ta NifibpaTy ONTUMaJbHI TOBUIMHY, TEMIIEPATYPU Ta IIBUIKOCTI APYKy. [
MOJIEJIIOBAHHS NIPOLECY PO3TATY APYKOBAHMX 3Pa3KiB B IONIEPEYHOMY [I0 HAIIPSIMy HAHECEHHS MIapiB 3aCTOCOBAHO
IUACKPETHY MaTeMaTU4YHy MOJI€JIb 3 BAKOPUCTAaHHSM CKiHY€HHOTO €JIEMEHTA 17151 IPOTHO3yBaHHS JesamiHallii
HaHeCEeHUX 1apiB nojimepy. OTpuMaHi pe3ysbTaTy I0Ka3asy, o po3apyBaHHs BiOyBa€TbCs TOYNHAIOYY 3 KPaiB
[IOBEPXHi KOHTAKTY LIapiB 3a CXEMOIO KPUXKOT0 pyHHYBaHHS. HaBe#eHi Mozieslb Ta METOIMKA YMCIIOBOTO
MOJIE€JIIOBAaHHS JAl0Th 3MOTY IIPOTHO3YBAaTH MilLIHICTb JPYKOBAHUX MOJIIMEPHUX BUPOOIB B HAIIPSIMi MoNepek 1mapis 3
ypaxyBaHHSM €KCIIepUMEHTAJIbHUX JaHUX BUITPOOYBaHb APYKOBAaHMX 3pa3KiB Ha po3TAr. Bysio mpoBesieHo
BiZJ[TOBijHi €KCIIEPUMEHTAJIbHI JOCIIIKEHHS IPYKOBAHUX 3PA3KiB HA PO3TAT B 3aJIEXKHOCTI BiJl reOMeTpii Ta
TEXHOJIOTIYHUX NapaMeTpiB 3D IpyKy Takux, K TEMIIEpaTypa Ta WBUIKICTb IPYKY, a TAKOK BUCOTA Ta JOBXUHA
HaHECEHOTO 1apy. BAOCKOHaNIEeHO METOIVKY IPOBEIEHHS BiIIOBIIHUX NOCIIIKEHb Ta CTBOPEHO
€KCIIEPUMEHTAJIbHY YCTAHOBKY 1714 iX IPOBEIEHHS, 110 BKJIIOYAa€ MEXAHIYHY Ta €JIEKTPOHHY YaCTHUHH, & TAKOXK
CTBOPEHO NPOrpaMHe 3a6e3IeueHHs 1711 00po6Ky gaHuX. CTBOPEHA YCTAHOBKA Ta BiJ[IOBiIHI METOOMKHU
BUKOPUCTOBYIOTbCSI B HABUYAJIbHOMY ITPOLIEC] TMiJ] Yac BUKOHAHHS J1Jab0OPAaTOPHUX POOIT, KypCOBOTO I JUIIJIOMHOTO
IIpOEeKTyBaHHs Ha Kadepi XiMiYHOTO, I0JIIMEPHOTO Ta CUJIIKaTHOro MalIMHOOYAyBaHHS HaljionanbHOro TeXHi4YHOTro

yHiBepcuTeTy YKpainu «KuiBCcbKuii MOJiTeXHIYHUN IHCTUTYT iMeHi Irops CikopCbKOro».

2. A thesis for obtaining a scientific degree of a Ph.D on specialty 133 - “Industrial Machinery Engineering”. -
National Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic Institute”, Kyiv, 2020. The dissertation is
devoted to the study of the spatial printing process, namely, the impact of the main technological parameters on
the value of interlayer adhesion and local deformation of the applied thermoplastic polymer material during the
cooling process, as well as the study of the dynamics of movement of the executive parts of FDM 3D printers,
depending on the type of design scheme. An analytical review of the current state of research on spatial printing



technology is carried out. The main modern technologies of additive manufacturing are considered, the designs of
3D printing equipment with thermoplastic polymeric materials are systematized depending on the kinematic
scheme of movement of the executive bodies, the types of designs of printheads based on patent searches are
considered, studies of the physical and mechanical characteristics of printed products are analyzed depending on
the main parameters of 3D printing and the geometry of the layers. The review showed that the industry of
modern additive equipment for the production of polymer products is developing extremely rapidly, however,
approaches to the design of new types of equipment do not take into account the properties of consumables. The
main design task for engineers is to optimize and modernize existing structures. Also insufficiently studied is the
issue of the process of forming finished products. The conducted studies of the mechanical properties of samples
do not provide accurate data on the magnitude and nature of interlayer adhesion, which is the basis of additive
technologies. Even in the studies, static uniaxial tensile tests were carried out in the transverse direction of the
application of the layers, a contour wall was present, and this, in turn, is incorrect for establishing the value of
interlayer adhesion. It should be noted that the question of the behavior of the melt of thermoplastic material after
it leaves the print head, and the very process of its cooling and interaction with the previously applied material,
has practically not been studied. A separate applied topic, also poorly studied, is the issue of the dynamics of
motion of the executive bodies and the performance of equipment, depending on the design scheme. To simulate
the cooling process, a two-dimensional mathematical model of unsteady thermal conductivity and a model of the
flow of a non-Newtonian non-isothermal fluid are used. To simulate the deformation of the polymer layer under
its own weight with simultaneous cooling after deposition on the previous layer, a related thermomechanical
problem was solved taking into account the power-law dependence of the polymer viscosity on the strain rate and
the Arrhenius law of the temperature dependence of viscosity. The results obtained showed that, under conditions
of intensive blowing, the polymer in less than 1 s has time to cool to a temperature below the pour point without
noticeable deformations. However, to prevent warping and delamination of products, the temperature should not
go beyond certain limits, which indicates that a certain minimum period of time must be established before
applying the next layer, it is different for different polymers and layer sizes. This imposes restrictions on the
allowable speed of the 3D printer. Modeling allows to obtain data on the degree of filling the cross-section of
products, establish the causes of defects and select the optimal thickness, temperature and printing speed. To
simulate the process of stretching printed samples in the transverse to the direction of application of layers, a
discrete mathematical model was applied using a limiting element based on the penalty method to predict the
delamination of deposited polymer layers. The results obtained showed that delamination occurs starting from the
edges of the contact surface of the layers according to the brittle fracture scheme. The presented model and
method of numerical simulation make it possible to predict the strength of printed polymer products in the
direction across the layers based on experimental data of tensile tests of printed samples. Corresponding
experimental studies of printed samples for rupture were carried out depending on the geometry and
technological parameters of 3D printing, such as temperature and printing speed, as well as the height and length
of the applied layer.
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