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ITigBUILIEHHS TOYHOCT1 PO3MIPIB ACTaICH 3 TEXHIYHUX
IJIACTHKIB, BUTOTOBIICHUX Ha 3D-ipuHTEpax METOI0M
HaIUIaBJIEHHA

JocmimkeHo cydacHWA CTaH BHKOPHCTAaHHS amuTuBHUX FDM-texnomorii 3D-gpyky mig dbac
BUTOTOBJICHHS OXOIUTIOEMHX Ta OXOIUTIOIOYMX JAeTaylel i3 TeXHIYHMX MIacTukiB. OOIPYHTOBAHO MOKIHMBICTH
MiJBUILEHHS TEOMETPUYHOI TOYHOCTI BHUIOTOBJIEHHS IUIACTUKOBUX BHMPOOIB IUIIXOM  3aCTOCYBaHHS
BJIOCKOHAJICHOT0 mporiecy 3D-apyky. 3anpornoHOBaHO MOKPAIIEHY METOAMKY OLIHIOBAHHS SIKOCTI BUTOTOBJICHUX
BUPOOIB, 30KpeMa BiANOBITHOCTI iX ()AKTUYHO OTPUMAHMUX FEOMETPUYHHUX MapaMeTpiB 3aJaHUM Y CIIELiajbHO
po3pobneniit 3D-moxemni. Takox po3pobieHO pekoMeHaalii moa0 Budopy pexumis 3D-1pyKy Ta aganToBaHUX
TEXHOJIOTIYHUX MiXO/IiB JO BUTOTOBIICHHSI JIETAJICH i3 PI3HUX MapPOK TEXHIYHUX IUIACTHKIB.

FDM-texHo10rii, TOUHicTh po3MipiB, TexHiuYHMIl N1acTuk, 3D-1pyk

IMocTanoBKa npodsieMu. B KOHCTPYKITiSIX CydyaCHUX MAalIWH Ta MEXaHi3MiB HEBITMHHO
3pocTae oy HeMeTaneBUX netaneil. Lle mo3Bonsie eKOHOMHTH JedimMTHI Ta KOIITOBHI
MeTaju, 3HW3WUTH Bary JeTrajei, MIIBUIIUTH CTIMKICTh BHUPOOIB J0 BIUIMBY OTOUYIOUYOTO
CEepe/IOBHINA Ta TMOJICTIIUTH iX YTHJII3AIlIo0 IMCIS 3aKiHYCHHs CTPOKY eKcruryarartii. 3a
OCTaHHE JECATUPIUYS OTpUMAIM Oy>Ke IIUPOKEe BUKOpHUCTaHHSA cydacHi agutuBHi FDM-
texHosorii (Big anrmiicekoro Fused Deposition Modeling — MopaentoBaHHS METOAOM
OCaJKeHHsI pO3IUIaBIeHOT HUTKM). Lle cTamo MOXKIMBUM 3aBASKU BIIKPUTTIO Psiy MATEHTIB
3a II€I0 TEMATHKOIO, & TAKOXX MOXMJIMBOCTI HMIBHJIKOTO Ta €()EKTUBHOTO CTBOPEHHS B YMOBax
OMHUYHOTO a0o JApiOHOCEpiHHOrO BHUPOOHMIITB PI3HOMAHITHUX MPOTOTHUIIIB MOJAETCH,
MaKeTiB Ta rOTOBHX JeTayiell. J[pyK BUKOHY€THCS TEXHIYHUMH IIACTUKAMH, BAPTICTh SIKMX
3HaYHO MEHINA, a MEXaHIYHI BJIACTUBOCTI B 0araThOX BHITaJKaX Maike HE TOCTYMAIOThCS
JIeTaJsM 13 YOPHHUX a00 KOJIBOPOBUX METAJIIB Ta CIUIABIB.

3a paxyHok Bukopuctanis FDM-texHomnorii (puc.1) MOKINBO JOCATTH CYyTTEBOI
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. S i . BIICHKOBHUX Ta IIMBIIBHUX MiANPHEMCTB. Taki BUPOOH MOXKYTh
. .. OyTu WIBUAKO 3alMpoeKTOBaHI Ta BHUroToBleHi Ha 3D-
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MMpUHTCPAX. Bce oe aa€ 3MOry BBaKaTu METOJ MOMIApOBOTO
Pucynox 1 — Ilopsinok cTBOpeHHs .
rOTOBOI JAeTai HaHHaBHCHHjI cyqacgom Ta MPOTrpCCUBHOIO TCXHOJIOI'IE€HO, AKa
Jrcepeno: pospo6reno asmopavu ~ MA€ BEITUKUAN IMOTEHIIIA O PO3BUTKY Ta BIOCKOHAICHHS.
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OpHak, icHyOYHMH NpakTUYHUK 10cBin 3D-ApyKy BUSIBUB psii TPYAHOILIB, SIKi
JOTETIep 0OMEXYIOTh TPOMHKCIIOBE BUKOpHCTaHHS FDM-TexHomorii. OMHUM 3 HUX € TUTaHHS
3a0e3nevYeHHs] HeOOXiTHOT TOYHOCTI T€OMETPUYHHUX PO3MipiB Ta (OpMU rOTOBUX BUPOOIB 13
TeXHIYHUX TUTACTHKIB Ticias 3aBepuieHHs 3D-npyky. ['oToBy aeTtanb HEOOXiTHO BCTAHOBUTH
Ha TpU3HauYeHe il Micle micasi MiHIManbHOI MOpOOKH, a Kpaie B3arami 0e3 Hei. B mpomy
BUMAJKy TEOMETPUYHI po3Mipu Ta (opma [aeTani MOBUHHI MIHIMajibHO BIJIPI3HATUCH BiJ
po3mipiB 3D mopmem abo TEXHIYHHX KpecieHb. Takoxk HEOOXiTHO 3a0e3Me4uTH JOCTATHIO
KOPCTKICTh, MIIHICTh Ta IIOPCTKICTh HaJpykoBaHuxX jeraieil. Came ToMmy 3aaada
MiBUIICHHS TOYHOCTI PO3MIpiB JeTalell 3 TEeXHIYHUX IUIACTHKIB, BUTOTOBICHMX Ha 3D-
NpUHTEpAaX METOJIOM HAIUIABIICHHA € aKTyallbHOIO 1 MOTpedye BCeOIYHOrO BUBYCHHS 1
MOJIaJIbIIIOTO PO3B’A3aHHS.

AHai3 ocTtaHHixX aochailkeHb i myOsikaniii. [IpoGiemi sKOCTI Ta TOYHOCTI APYKY
neTtanei, BUrotopieHnx 3a FDM-texHouoriero mpucBsYeHo JOCHTh OaraTo myosmikaiii. Taxk,
Hampukiag aBTopu cTtaTTi [1] migHIMAIOTh MHUTAHHS ONTHUMI3allli MOPCTKOCTI IMOBEPXHI,
PO3MIPHOi TOYHOCTI Ta yacy JApyKy Jaetaiei 3 miactuky PETG, BUroTtoBieHHMX MeTOIOM
FDM, 3 BUKOpPHCTAaHHSIM CTaTUCTUYHMX METOJIB Ta IUTY4YHOI HEHpPOHHOI Mepexi. Y CBOiX
BHCHOBKAX BOHH 3a3HAYAIOTh, IO TOBIIMHA HAIUIABICHOTO IIAPY € KPUTHIHMM IaPAMETPOM,
KU HalOlIbIIe BIUIMBA€E SK HA HIOPCTKICTh MOBEPXHI, TaK 1 HAa 4ac JAPyKy. 3OUIbIICHHS
TOBIIMHM APy Ta IIBUAKOCTI JIPYKY CYTTEBO CKOPOUY€ Yac BUPOOHUIITBA, ajieé HEraTUBHO
MO3HAYAEThCS HAa SIKOCTI MOBEPXHI. 3aCTOCYBaHHs [Jsi aHaII3y Ta ONTHUMI3ZAIll IITy4YHHUX
HelipoHHUX Mepex (ANN) npoaeMOHCTpyBajO 3HAYHO BHUILY TOYHICTH MPOTHO3YBaHHS
MOPIBHSAHO 31 CTaTUCTUYHHUMH MeToAamu. Po3poOneHi Mojeni HagaloTh BUPOOHUKAM
IHCTPYMEHT JUIsl IHTEJIEKTYalIbHOTO HajamTyBaHHs FDM-nporieciB, 703BOMISIOUN OTPUMYBATH
BHUCOKosKicHI fetani 3 PETG nmpu MiHIManbHUX BUTpaTax 4acy B MPOMHUCIOBUX YMOBaX.

B crarti [2] mpoBeneHMH Orisii CydyaCHMX JOCSITHEHb y 3a0€3MEeYeHHI PO3MipHOi
touHocTi 3D-apyky Meromom momapoBoro HamnasieHHs (FDM). Lleit komriekcHMiA Oris
OXOIUTIOE JIOCIIJDKeHHS, omyOusikoBaHi mepeBakHo B mepion 3 2021 mo 2024 poku Ta
NPUCBAYCHUN KPUTUYHO BAXIMBOMY acriekTy TexHousorii FDM, a came — po3mipHiil TouHOCTI
BUTOTOBJICHUX JeTallell JUIsl MEAWIIMHI, aépOKOCMIUHINA Ta aBTOMOOLUTBHINA MPOMHUCIOBOCTI.
OcHoBHa yBara B poOOTi MpHUIiICHa BU3HAYCHHIO (DAKTOPIB, 0 BILTUBAIOTH HA TOYHICTh (KYT
pacTtpa, TIOBITPSHUH 3a30p, IIUPUHA PACTpPa, OpIEHTALliSl BUPOOY Ta ajresis mapiB IUIACTHKY ).
Y po6oTi 3a3HayeHl OCHOBHI NMPUYMHH PO3MIPHOI MOXWUOKU. Tak, HAMpUKIAI, OCHOBHUM
YUHHUKOM HETOYHOCTI JeTalield, BUroToBIeHnX MeTtogom FDM, Bkazana ycajaka maTtepiary
IiJ] 9ac HOro OXOJIO/PKeHHS. TakoX Ha TOYHICTh PO3MIPIB CYTTEBO BIUIMBAIOTH HEMPAaBUIIbHA
CHUHXPOHI3allisl HMIBUJIKOCTI APYKY Ta ekcTpy3ii. OKpiM TOro, BCTaHOBIJIEHO, IO APYK HpHU
HiIBUILIEHUX TeMIepaTypax YacTO HPU3BOAMTH JO TMOTIPIIEHHS SKOCTI IOBEpPXHI Ta
HANTipIIMX MOKa3HUKIB PO3MIPHHUX JOIMYCKIB. B CBOIX MOCHIIKEHHAX aBTOPH HArOJIOIIYIOTb,
mo netani 3 miuactuky PLA 3a3Buvail MaroTh BHINY TOYHICTh, HDX Jetani 3 ABS. Mae
3HAa4YEeHHS HaBITh KOJIpP 3aCTOCOBYBAHOTO (PIIAMEHTY Ta YMOBU HaBKOJHUIIIHBOTO CEPEIOBHIIIA.
Hanpuknan, KOHIUITIOHYBaHHS MOBITPs B MPUMIIIEHHI MO’KEe MaTH BIUIMB Ha KiHIIEBI PO3MIpH
HAJIPYKOBaHUX Jeraieil. Sk i B myOuikarii [1] peKOMEeHIy€eThCsl 3aCTOCOBYBATH IHHOBAITIHHI
MeToAM Kopekuli 3 BukopucTaHHAM ANN Ta anropuTMamMy MAaIIMHHOTO HABYaHHS Jis
MPOTHO3YBAaHHS Ta KOMIICHCAIIT PO3MIPHUX IIOMUJIOK III€ HA €TaIll MATOTOBKH 70 IPYKY.

B marepianax crarti [3] 10oCHiIKyEThCS pO3MIpHA TOYHICTH Ta MIOPCTKICTh MTOBEPXHI
€JIEMEHTIB JleTalieil, BUTOTOBJIEHUX Ha J1BOX nomyisipHux 3D-npunTtepax mozaeni Mendel Max
ta Kossel Mini 3 BIAKpUTUM BUXITHUM KOJOM. J{J1s1 IEpeBipKH MOMIUBOCTEH IIUX MPUHTEPIB,
10 BUKOPUCTOBYIOTH FDM-TexHounorito, aBTopamMu Oyj0 po3poOsieHO CHeliajbHy TECTOBY
monenb (benchmark), mo BkItOuae KPUTHUHI T€OMETPUYHI €JEMEHTH: HamiBchepH, KyO,
IWIIHAPY Ta masu. JlochmiaHWKM BapiroBasd Taki mapamerpH, sk martepianun PLA Tta ABS,
TOBIIMHY IIapy HariaBlieHHs B miamazoni Big 0,178 mo 0,254 MM, a TakoX UIUIBHICTH
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3ammoBHEHHs 00’ emy nmerani 20% Tta 30%. BumiproBaHHS pO3MipHOT TOYHOCTI MTPOBOIIIIOCS 32
noroMororo npodieHOTO MpoekTopa DS600, a mopcetkocTi moBepxHi — Tectepom TR200.

[TopiBHAHHS TPUHTEPIB MPOJAECMOHCTPYBAJIO MEHII BIIXHJICHHS PO3MIPIB Ta Kparry
IIOPCTKICTh TIOBEPXHI HAJAPyKOBaHUX jAeTaner y mozeni Mendel Max y mopiBHSHHI 3
npuntepoM Kossel Mini, monpu iXHi0 CX0Xy I[IHOBY Kateropito. Takox OyJio BiAMI4€HO, 110
BUKOpHCTaHHA (inameHTy PLA 3a0e3nedye Kkpally sKiCTh MOBEPXHI Ta BUILY PO3MIpHY
TOYHICTH U1 000X MalIMH, HDK BUKOpucTaHHA ABS. ABTOpHM MOSCHIOIOTH IIe THUM, IIO
acTuk ABS Ouiblie mifgaeTsest TeMIepaTypHOMY BIUIMBY Ta CXWJIBHUN 10 nedopmarii min
yac npyky. Haiikpamii pe3yapTaTé SIKOCTi Ta TOYHOCTI JUIst 000X MPHUCTPOiB Oynu 3adikcoBaHi
npu ToBumHI mapy 0,178 MM Ta minmeHOcTi 3amoBHeHHS 20...30%. Bigmiueno, mio
napaMeTpu TPOIeCy HaWOUIbIEe BIUIMBAIOTH HA TOYHICTH IUIOCKUX €JIEMEHTIB (Ta3iB) Ta
IIOPCTKICTh, TOMI SK JJIS BEPTUKAIBHUX €JeMEeHTiB (IWIHApiB Ta KyOiB) dITKOI
3aKOHOMIPHOCTI BIIXWJIEHb BiJ TMapaMeTpiB 3alOBHEHHsS HE BHABIEHO. JlocCiimKeHHs
MiATBEPIKYIOTh, 110 HeAOpOoTi 3D-puHTEpH 3 BIAKPUTHUM KOJIOM 3/IaTHI CTBOPIOBATH CKJIaIHI
TreOMETPUYHI €JIEMEHTH, aje BUMAaralTh PETEIbHOIrO MiA00py MapaMmeTpiB Jis JOCSITHEHHS
pe3yJbTaTiB, MOPIBHAHHUX 3 IPOMHUCIOBUM OOJIaJHAHHSM.

B cratti [4] mocmimxkyBaBcs BB opieHTamii mozeni (build orientation) Ha sIKicTh
nerajneil, BUroToBiaeHUXx MeronoM FDM 3 mpomMHCIOBOrO TEpMOIUIACTHKY-IOJiKapOOHATY
(PC) na mpuntepi FORTUS 360mc. ABTopu mnpoaHami3yBadu II'ITh DPI3HUX BapiaHTIB
MIPOCTOPOBOTO PO3TAIIYBaHHS MOJENEH MMija yac ApyKy. JoCaipKeHHST OXOIUTIOBANIO K MPOCTI
reoMeTpudHi GopMu (TUIOMMHM Ta MWIIHAPHU), TAaK 1 CKJIAAHI TMOBEPXHI JOBUIBHOI (GopMH
(free-form surfaces). Orminka mpoBoaMiIacs 3a JBOMa OCHOBHUMH KPUTEPISIMH — TOYHICTH
po3mipiB Ta (¢Gopmu. BuMiproBaHHS TPOBOJWIKNCS 3a JIOIOMOTOI  KOOPAWHATHO-
BumiproBanbHoi MamuHu (KBM) Tta 3D-ckanepa. Illopctkicts moBepxHi (Ra, Rz)
BUMIpIOBaJIacs sIK KOHTAKTHUM TaK 1 ONTUYHUM METOAaMu. ABTOpHU 3pOOMIIM BUCHOBKH IIIOJI0
KPUTHUYHOCTI Opi€eHTalii feTani Ha poOouiil miaatdopmi, sska Mae BUpilIajIbHEe 3HAYCHHS IS
KiHIeBOi sIKoCTi. HaBiTh mpH 1IGHTUUHUX TapamMeTpax eKCTpy3ii, 3MiHa KyTa HaxXHiy MOJEIi
CYTTEBO 3MIHIOE SIK IIOPCTKICTb, TAK 1 FTEOMETPUYHY TOUHICTb.

Haiikpama sxicte moBepxHi (ToOTO ii MiHIMallbHa IIOPCTKICTB) JOCSATAETHCS Ha
IUTOIIMHAX, OPIEHTOBAaHUX NAapaleIbHO a00 NEePHNEHIUKYISAPHO 0 HANpPSIMKY HaHECCHHS
mrapiB. [loxmiai Ta KpUBOJIHIMHI MOBEPXHI JEMOHCTPYIOTH BHUIILY IIOPCTKICTH Yepe3 IMPOsB
edexTy «cxommHoK» (staircase effect). JIns ckmagHMX MOBEPXOHBb BIILHUX (POPM BIIXMICHHS
po3MipiB OyiM 3HaYHO OUTBIIMMHU, HIXK JUIsl TIPOCTUX TEOMETPUYHHUX MPUMITHUBIB. HaliMeHi
noxuOku ¢dopmu 3adikcoBaHI MPH OPIEHTAIlIAX, JAC BEKTOPH HOpPMaji A0 TMOBEPXHI Oyiu
Omu3bki 10 oci Z. 3a3HayeHo, IO 3aCTOCYBAaHHS IOJIIKapOOHATYy BHUMAarae CyBOpOTO
JOTPUMAHHS TEeMIIEpaTypHUX pexXuUMiB. JIOCHIUKEHHs MIATBEPAMIIO, IO IMPOMUCIOBE
oOmagHanns Fortus 360mc 3a0e3neuye BUCOKY TOBTOPIOBAHICTb, IPOTE MOMMUJIKA B Opi€HTALi]
MOJKE HIBEJIOBATH IepeBard Marepiany. Takok aBTOpuM [OOBENH, IO S AAUTUBHOTO
BUPOOHHUIITBA KOMOiIHAISI KOHTAKTHUX METO/IB BUMIPIOBAaHHS IIOPCTKOCTI 3 ONTHUYHUM 3D-
CKaHYBaHHSM J1a€ HalOUTBIII TOBHY KapTHHY SIKOCTI BUPOOY.

IMocTtanoBka 3aBaanHsi. Ha ocHOBI aHamizy cydacHoro craHy icHytounx FDM-
TEXHOJIOT1H IPYyKY:

— PO3pOOUTH BIOCKOHAJICHY METOJAMKY JOCTIPKCHHSI SIKOCTI HAAPYKOBAHHUX JETAJICH, B
TJIaH1 BiJIMOBITHOCTI peajlbHO OTPUMAHHUX T€OMETPUYHUX PO3MipiB 3a1aHuM y 3D-mozerni;

— BCTAHOBHUTH 3aJICKHICTh JIHIHHOI ycaaku ab0o po30MBKH y TEXHIYHHX IIACTHKIB
tunty ABS, PET-G, PCTG, ta CoPET mu1g nporno3yBaHHs! po3MipHOi TOUHOCTI;

— Ha OCHOBI OTPUMaHHMX 3aJEKHOCTEH 3ampONOHYBAaTH 3aXOAM IO pPO3pooIi
BJIOCKOHAJIEHOTO anroputMmy 3D-apyky 3 Bukopuctanasam FDM-TexHomorii;

— po3poOUTH peKOMEHIAIII] 0 PeXUMaM JPYKYy Ta METO/IaM BUTOTOBJICHHS JeTajlei i3
TUTACTHKA.

43



ISSN 2664-262X Central Ukrainian Scientific Bulletin. Technical Sciences. 2026. Issue 14(45)

Bukisiax ocHOBHOro matepiajy. 3amporoHOBaHA METOIHMKA JIOCHIKCHHS SKOCTI
HAJPYKOBaHUX JETaJIeH B TUTaHI BIAMOBIIHOCTI PeaIbHO OTPUMAHUX T€OMETPHYHUX PO3MIPIB
3amanuM y 3D-Mofeni nosisirae B HaCTYITHOMY:

B sikoCTI eTamoHHUX 3pa3KiB AJi APYKY Ta HACTYIMHOI'O BUMIPIOBAHHS T€OMETPUUHHX
po3mipiB Oyno o6pano a8i 3D-moneni (puc. 2 Ta 3), mepia 3 SIKUX CKIAAA€THCA 13 HAUOIBII
PO3MOBCIO/IKEHUX Y MaIJ_II/IHO6yI[yBaHH1 OXOIUTIOBAHUX TOBEPXOHb (Baju KBa[PaTHOTO,
KPYIJIOTO, IIECTUTPAHHOTO TMepepidy, a TaKOoXK NPSIMOKYTHOro mnpodimo), a apyra — i3
IUIACTHHU 3 OTBOpaMH (OXOIUTIOIOYM IMOBEPXHi) IAEHTUYHOI (opMH Ta po3MipiB. B skocti
MaTepialiB JUIsl IPYKY €TaJIOHHUX 3pa3KiB Oyjio oOpaHo TexHi4yHi mactuku tumy PLA, ABS,
PET-G, PCTG, CoPET Ta HElsIOH sIK Taki, [0 MAIOTh HAHOUIBIIIE PO3MOBCIOKCHHS.
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Pucynox 2 — 3pa30k 3 0XOILTIOBaHUMHU Pucynok 3 — 3pa3ok 3 OXOILTIOIOYMMH OTBOPAMU XapaKTEPHOL
BaJIaMH XapaKTepHOi GOpMHU ¢dhopmu
Licepeno: pospobaeno asmopamu Licepeno: pospobaeno asmopamu

3D-moneni AoCHiKyBaHMX 3pas3kiB jAetani Oynu cnpoekroBaHi y ¢opmati STL 3a
JonoMororo nporpamuoro komruiekcy SolidWorks ta HazpykoBani y maboparopii 3D-npyky
kadenpu MamuHOOy yBaHHS, MexaTpoHiku 1 pobototexHiku L[HTY, mo o6magnana 3D
npuHTepoM BiacHoro BupoOHunTBa DELTA-FDM (puc. 4). DELTA-FDM — ue npuntep
CEPEHBOTO PIBHS, BUKOHAHUN 3a CXEMOIO «JIeNbTa-po0ot» [5]. BiH ocHameHH CHCTEMOIO
KaniOpyBaHHS, BIIKPUTHM pPOOOYMUM CTOJIOM 3 IITIrPIBOM Ta CHCTEMOKO OXOJIOKCHHS
excrpynepa. DELTA-FDM npykye moxaeni po3mipamu g0 150 MM y miametpi Ta 10 125 mm
BUCOTH. MiHiMaibHa TOBIIMHA APYKOBAaHOTO mapy ckiazae Big 0,3 mMMm. 3aBasku cuUcTemi
o0yBy MOAeNi MmiJ 4Yac APYKY Ta HAsSBHOCTI MEXaHI3My peryJIIOBaHHS MiITUCKY HUTKU
¢inamenty, npunTep Moxke BukopuctoByBaTH (inameHT ABS, PLA, CoPET, Nylon ta PETG
nmiamerpom 1,75 mm. Jlpykyroua rofiBka miJBillieHa Ha 6-TH JlaroHajsiX, MIAPHIPHO 3’ €IHAHUX
13 TppOMa KapeTKamH, II0 poOJIATh BEPTUKAJIbHI MEPEMIIICHHS B3JOBX HAMpPIMHHUX 3
NpUBOJAMU BiJl KPOKOBUX JBUTYHIB. IIpu oMy IpyKyroya rojiBKa pOOUTH CKJIaTHHNA
TUTOCKOTIapaJielbHUN pyX y mpoctopi. OCHOBHA mepeBara Ii€i CXeMH MOJISrae B TOMY, IO i
4ac JAPYKy MOJETh HEPYXOMO 3aKpiIlICHa Ha CTOJI, 1 JIPYKYIOYa TOJIiBKA MTHIMAETHCS Y3I0BK
BEPTHKAIBHOT OCI MOJEINI, IPyKYIOUH TUIACTUKOM Inap 3a mapoM. Takok, 3aBIsKH 3MEHIICHIN
Ba3i roJIiBKH, MIBUAKICTh APYKY BHINA, HDK Y 3D-puHTEpiB, BUKOHAHUX 32 IHITUMH CXEMaMHU.

Ham 3D-moneni Oynu excroptoBani B (opmar *.STL Ta mepeHeceHi B craiicep
Repetier Host (puc. 5). BpaxoByioun reomeTpuyHi OCOOIMBOCTI PO3POOJIEHUX ETATOHHHX
3paskiB, 3 METOI0 3abe3meueHHs] MOTPIOHOI SIKOCTI JIPYKYy Oyl BCTAHOBJICHI TaKi OCHOBHI
napamMeTpu JApyKy mojeini B nporpami Repetier-Host v.2.1.6: BucoTa HaruiaBiaeHoro mapy —
0,3 MM; HIUTBHICTB 3aOBHEHHSA 3pa3ka - 30%; mBHUAKICTh ApyKy - 50 MMm/cek.; Temmeparypa
po3irpiBy Bukopuctanoro ¢imamenty Bimx 210 mo 235°C (B 3amexHOCTI Bil THUIY
3aCTOCOBYBAaHOTO MaTepially); TeMIieparypa miairpiBy crona (3a motpebu) - 55°C. Ilo
3aKIHYCHHIO JPYKY 3pa3kiB (puc. 6), BOHH PETEIbHO OMISIATNCh 3 yCiX OOKIB Ha MpEeaMET
HAsBHOCTI 30BHIIIHIX JTe(DEKTiB.
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QOO LTI [[ni

--‘ISI/IcyHOK 5 — InTepoeiic mporpami Repetier-Hos_t v.2.1.6
Jicepeno: pospobnero agmopamu

Pucynoxk 4 — 3D-nipuatep DELTA-
FDM
Howcepeno: pospobaeno agmopamu
Pucynok 6 — [lpyk pociinaux 3paskiB Ha 3D-npuntepi DELTA-FDM

Iicepeno: pospobneno asmopamu

3a HeoOXiTHOCTI TOTOB1 3pa3ku (PUC. 7) OYMIYBAJIUCH BiJ TJIACTHKOBOTO OOJIOI0 Ta
MUJTKUX ne(beKTlB JPYKY, AKI MOXXYTh BIJTUBATH Ha PE3yJIbTaTH BHUMIpPIOBaHb. XapaKTepHi
HOBerHl 3pa31<113 BHUMIPIOBAJIUCH 32 IOTIOMOTOI0 MOBIPEHOT0 HU(POBOTO MITAHTCHIIUPKYJIS 3

uinoro noainku 0,01 mwm (puc. 8).

PucyHnok 8 — BuMiproBaHHs po3MipiB XapakTepHUX
MTOBEPXOHB JOCIITHIX 3pa3KiB

Loicepeno: pospobneno agmopamu

PucyHnok 7 — HagpykoBaHi ZOCTiTHI 3pa3KH 3
miactukis PLA, ABS, PET-G, PCTG ta CoPET

Howcepeno: pospobaeno agmopamu

PesynbraTé BUMipIOBaHb pO3MipiB Ha OTPUMAHUX 3pa3Kax 3aHOCHINCH Y MOPIBHSIbHY
TaOJMIIIO0, HA OCHOBI 5IKO1 Oynu cTBOpeHi rpadiku y popmari EXCEL (puc. 9).
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Aocniguuit apazok 3 nnacTuky ABS DocnlgHui spasox 3 nnactuky PET-G

=
g;g; 8383

Japnana swcota Croposa Cropowa  [Jawetppymnol  Cropowa fosracropona  KopaTea cTopowa Jagaka encora Croposa Cropoka  [hawetprpymol  Cropowa flosracTopana  Kopotea cropowa
cTynermin H eeagpaty L1 anpaty L2 acTi ¥ cTymessin H ¥eanpary L1 reappary L2 uacTIHA ECTINTHIES  NPAMOKYTHAK  NpAMOKYTHIED
OecnlgHui 3pa3ox s nnactuky PCTG [Oocniguui apazok 3 nnactuky CoPET

& i B 3ages poasiph apadcs NEt, um
a383% 8 Ovpumsasd poasipi Jpason N1,
3 3agas pasuips 3paxoe N2, un

B DT pa3uipn 3pa30e Nl uu

3agara sncota Cropona Cropesa  Hiametp apyrnal Cropana Hosractopona  MopoTea cropowa
crymensinH ksagparyll  ksaapatyl2 sacT —
Aocnignuih 3pazox s nnactuky PLA

=30 peaupn 3pasac N,
e g F 'i N @ Crpusasn posuipit 3pa30e Ne1, ikt

0
Jagakasucora  Cropowa Cropowa  [iamerp kpyrnol  Cropowa Hosractopowa  KopoTxa cropona Japakaeacora  Cropowa Cropona  [Jawetprpyrnol  Cropowa  [oeracroposa Kepomea cropesa
cymesskn H - ksanpary L1 wsagpary L2 uacTine ¥ PANKY crynensn M keagpary L1 magpary L2 acti g PRMORY

PucyHoxk 9 — Pe3ynbraTtu BUMipIoBaHb AOCIIIHUX 3pa3KiB, BATOTOBJICHHX 3 IUIACTHKIB
ABS, PET-G, PCTG, CoPET, PLA Ta Nylon [6]
Iicepeno: pospobneno asmopamu

Pe3synbraTi BUMIipIOBaHb HAJPYKOBAaHUX 3paskiB 3 miaacTuky ABS mokaszamu, mo
peaibHI PO3MIpH 1X XapaKTepHUX MOBEPXOHb MeHII HiDXK 3agaHi Ha 1,5...2% (ToOTO
HaJpyKOBaHUU 3pa3ok MeHIIii HixX 3D-monens). Lle mosicHroeThCcs TuM, 1m0 MmIacTuk ABS
MIPU OXOJIOJKEHHI CTHCKYEThCA. B JesIKuX BUIaAKax MOXIIMBE BiZICTaBaHHS OCHOBHU MOJEINI
BiJ moBepxHi crona npuHTepa (puc. 10). Lle sBuie moxe MaT Micue, skmo mig dac 3D-
JIPYKy TeMIIepaTypa OCHOBI 13 MiAirpiBoM Oyie HeAOCTaTHs, a0 MPUCYTHE TTOTaHEe 3YCTUICHHS
Matepialy OCHOBH (HEI0 MO)kKe OyTH TEpMOCKJIO a0o0 BIiAMOIIpOBaHA METaJeBa IUIACTHHA) 13
PO3ILIABJIICHOI0 HUTKOIO NEpHIOro HajapykosaHoro mapy ABS. Jlns yHUKHEHHsS LbOTO
HEraTUBHOIO SBHUILA TEMIEpaTypy HarpiBy ocHOBU migHimMaroTh g0 100...110°C, a ii
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MOBEPXHIO OKPUBAIOTh TOHKHM [IAPOM MaTepialy 3 BHCOKOIO aJre3i€ro.

Takum  yMHOM  MOXHa  3poOUTH
BHUCHOBOK, IO JUIsi 3a0€3MeYeHHsl SKOMOTa
OUTBIIIOTO CHIBMAAIHHS PO3MIpPIB HAJIPYKOBAHOT
netani 3 ABS mmactuky 3 11 3D-mopeniio
HEOOX1HO BBOJUTHU MOMPABOYHUHN Koe]ilieHT
B CTOPOHY 30UTBIICHHS PO3MIPIB MO, SIKHM
MiIOUPAETHCS TOCTITHUM MIISIXOM.

VY 3pa3kiB, HaAPYKOBaHHUX 3 TEXHIYHUX
miactukiB mapok PETG, PCTG Tta CoPET
po3Mipu XapaKTEePHUX MIOBEPXOHb
Bimpi3HsuCh  Big  3D-momeni B Mexkax
0,5...1%, mo € TrTapHUM pe3yJbTATOM.

Prcynox 10 — STaume ieopmarii mpaMOKyTHOT Heo6xivz[Ho BIAMITUTH, IO SOBHEH_IHi MTOBEPXHI
OCHOBH HaZIpyKOBAHOTO 3paska 3 ABS mnactnka ~ ACTANCH MaioTh NPHBAONMBHI BHIIAL Ta
IDicepeno: po3pobreno asmopami Maiike He TOTpeOyI0Th J0JaTKOBOI 0OpOOKH.

i mIacTUKU YCHIIIHO 3aCTOCOBYIOTHCS JUIsI BATOTOBIICHHS IeTalIeH Jie BaXKJIMBO MaTH
rapHU 30BHIMIHIA BHUIVIAL OAHOYACHO 3 BHCOKOIO MilHicTIO. Ilpn 1mpoMy Ha MIIHICTB
JieTajeil 1y>xe BeTUKUi BIUIMB Oye MaTu HalpsMOK NMPHUKIAJCHHS 3yCWIb A0 JETall, TaK K
mig yac 3acrocyBaHHs FDM-texHonorii HaApyKoOBaHi IapH IUIACTHKY MalOTh OOMEKEHY
aAre3iro MOMiK CO00I0 Ta MOXKYTh PO3IIAPYBATHCH MiX COOOFO ITiJT YaC BETUKUX MEXaHITHUX
HaBaHTa)XK€Hb, MPUKIIAJICHUX B3/I0BXK HUX a00 SKIO JETallb MPALIOE HA PO3PUB.

SlBume ycaaku HaApPyKOBaHMX JeTajedl ToB’si3aHe 3 (hi3MUHMMH-MEXaHIYHUMH
BJIACTMBOCTSAMHU IUIACTUKY Ta WIBUAKICTIO HOro 3acTuraHHs. Y BUNAAKY, Koiu 0OIyB
npykoaHoro 3paska 3 PETG BinOyBaeTbcs 3 JBOX CTOpiH JeTalli 330BHI, TO HpoIecC
3acTUraHHs BiAOyBaeThCs IIBHIIIC, a yCaJKa Ma€ MEHINY BENWYHHY. BHyTpilrHsS cTOpoHa
00yBa€TbCS TMOBITPSAM B MEHIIOMY CTYIIEHI, TOMY PO3IUIMBAHHS IUIACTHKY Oy/e BHIIHMM.
CrymiHp ycagku JeTajei MmiJ 4Yac ApPyKYy IJIACTUKOM KOHKPETHOI MapKu Ta maprii/matu
BUITYCKY HEOOXiJHO BCTAHOBUTH LUIAXOM JAPYKY KOHTPOJBHOTO 3pa3ka Ta MOTro peTesibHOro
BUMIiPIOBaHHSI.

Hns 3paskiB 1-ro Tumy ycamka (ikcyeTbesi Ha BCi€l 30BHIIIHIA MOBEPXHi, TOOTO
peanbHi po3mipu Ha MM MeHmni Ha Benmuuny 0,1...0,3, HiX 3aganl y 3D-moneni. Y Bumanky
JIPYKy JHeTanei, ski OyayTh MpaloBaTH 3 33aJlaHMMH 3a30paMu ab0 HaTsATaMHd HE MOJKHA
HEXTYBaTH III€}0 TOTPIIIHICTIO Ta 000B’SA3KOBO BPaXxOBYBATH IMOIMPABOYHHUI KOe(DIIIEHT TIpH
monemtoBanHi gerani. Ille oguum daxTopom, sikuii morpebye yBarum € Te, IIO IIapyBaTa
CTPYKTypa netanei (puc. 11) SIKA yTBOPIOETHCS miJ 9ac ApyKy Oyze 3aBkAu JaBaTH MEBHY
HOTPILIHICT K M Yac BI/IMlpIOBaHB TaK 1 B Hpoue01 IpUpOOITIOBaHHS TMOBEPXOHb JICTATICH
oJHa A0 oaHOi. J{7st 3pa3KiB 2-T0 THILy 3 OTBOpaMH Pi3HOI (pOpMHU ycepeanHi ycaaka Ha30BHI
cknamae go 0,1...0,15 mm, a y cepeauni 3paskiB mae Benumuuny 0,1...0,2 MM Tomy ii Takox
BpPaxoOBY€EMO TIij] yac KoperyBaHHs po3MipiB 3D-Moxeni. B 1inoMy MoxHa 3pOOUTH BUCHOBOK,
mo miactukd Mapok PETG, PCTG ta CoPET MaroTh BHUCOKHWI TMOKA3HWUK CIIBIAIIHHS
PO3MipiB MOJIETIi Ta HAJAPYKOBAHUX 3Pa3KiB.

[Tix gac ApyKy 3pa3KiB 3 HEWJIOHY L€ MaTepiall Mmoka3aB ce0e TakuMm, 10 MoTpedye
peTeNbHOl MIATOTOBKM Ta JOJATKOBHX HANAIITyBaHb NpUHTEepa. CXWIBHICTH HEMJIOHY 0
abcopOyBaHHSI BOJIOTH BHMarae ioro 30epiraHHs B CyXHX MPHUMIIIEHHSAX Ta 3aCTOCYyBaHHS
3aKpUTOi KaMepu JpykKy. PoOouuii CTin mpuHTepa HEOOXiHO HArpiBaTH [0 BHCOKHX
TEMIIepaTyp Ta YHUKATH MPOTATIB y MpHUMIlIeHHI. BUpoOH 13 HEWIOHY MaloTh MiJBUILEHY
3MATHICTh 10 PO3LIAPYBAHHS HAJPYKOBAHOTO MaTepialy, TOMy iX IiHa Oyjae BHIIOI Y
NOPIBHSAHHI 3 IHIIMMHU BUIaMU TUIACTUKY 3@ paXyHOK OUIBIIOT COOIBApTOCTI APYKY.

PesynbraTi BUMipIoBaHb pO3MIpiB XapaKTEPHUX MOBEPXOHb 3pa3Ky 3 miactuka PLA
MOKa3aJIv, IO BiH MPAKTUYHO HE JIA€ YCAIKH TIiJT 9ac IPYKY.

o
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Takox BiH He MOTpeOye MiAirpiBy poOOUYOro crona
MIPUHTEPA Ta He O0IThCS MPOTATIB i Yac APYKY, 110
3HAYHO 3MEHIIY€ BUMOTHU 10 oOnaaHaHHsA. Matepian
PLA wmenm Tokcuuynuii, Hibk ABS, ToMy BuMoru 3
TEXHIKM O€3MeKH i Yac ApyKy LM MaTepiaioM He
Taki cyBopi. Bupobu 3 PLA maroTe TBepay, MillHY Ta
«CIM3BKY» TOBEPXHIO, 110 JO3BOJSIE BUTOTOBIIATU 3
HBOT'O IIMPOKY raMMy MoJelnei.

OpHak, 3 yacoMm Leit 010po3KIaTHII MaTepial
]l BIUIMBOM HAaBKOJHUIIHBOTO CEpeaoBHINa (BiTEp,
onajau, yIbTpadioneToBe BUIIPOMIHIOBAHHS )
MOYMHAE PYHHYBATHCh, TOMy BuUpoOu 3 PLA He
MOXYTh 3aCTOCOBYBaTHCb TaM, € OyAyTb BEJHKi

Pucysox 11 — Illapysata ctpykrypa (Gi3MyHI  HaBaHTaXCHHA HA HHUX  abo s
HAJpPYKOBAaHOI'O 3pa3Ka JOBIOCTPOKOBOTO BUKOPUCTAHHA 11034 MNPHUMIIICHb
Hoicepeno: pospodaeno asmopamu 0e3 creriagbHOro 3aXMCHOrO MOKPUTTSL.

Cepen iHmmx HemomikiB actuky PLA Tpeba Takox BiIMITUTH, IO BiH «ILTUBE» i
JII€I0 BUCOKHMX Temmeparyp. Uepes Bucoka tBepaictb PLA #ioro MexaHiuyHa oOpoOka OIbII
yTpYJIHEHA, TOMY SKIIO, HAIPHUKIIAM, Y HaJAPyKOBaHii netani OyJe MoTpiOHO MPOCBEpIIUTH
OTBOPH Ta Hapi3aTH y HUX pi3p0y TO Oyje KpalriM oOpaTH 1HIIWK TeXHIYHUHN TUTACTHK.

[Ticng ananizy nepeBaru ta HeoJiKiB miaactuka PLA, MOXXIMBO peKOMEHIyBaTH HOTO
3aCTOCYBaHHA MJIsl JPYKY BEIMKOra0apuTHMX JeTalel 3 TOYHMMH pO3MipaMH, a TaKOX
¢i3nyHUX MoJeneil AN NPOTOTHITYBaHHS, €JIEMEHTIB JEKOpY Ta CyBEHIpiB, A€ HE MOTpiOeH
TPUBATIUHN KUTTEBUHN ITUKI BUPOOY.

Uepe3 BIIHOCHO HEBEJIHMKY BapTiCTh cupoBuHH ABS € ogHum 13 cammx
PO3IOBCIODKEHUX TEXHIUYHUX IIacTUKiB. Llei marepian Bmaigo moeaHye y coOi MIHICTh Ta
NpPY>KHICTh, IO J03BOJIIE IIUPOKO 3acTOCOBYBaTH ABS a1 BUTOTOBIEHHS PI3HOMaHITHUX
BUPOOIB 3 TPUBAIUM CTPOKOM CIY>KOHW. YCHINIHICTh 3aCTOCYBAaHHS I[HOTO IJIACTHKY SK Ha
XOJIOZ1 TaK i B yMOBax BHCOKUX TEMIIEpaTyp J03BOJISIE TpaIfoBaTh BUpobam 3 Hboro ABS sk
y MOOYTOBUX, TaK ¥ MPOMHUCIIOBUX MPUCTPOsX Ta MamuHax. [Tnactuk ABS rapHo migmaeTses
pi3HOMaHITHIM MexaHIuHii 00poOIl, IO pa3oM 3 MOXIHUBICTIO XIMIYHOTO 3TJIaJKyBaHHS
MOBEPXHI HAJPYKOBAHOI JIeTajl y mapax aleToHy J03BOJISIIOTH POOUTH 3 IIOTO MaTepiany K
JIeKOpaTUBHI BUpPOOM CKIaaHOi (OpMH Tak W KOPIyCH, KPOHIUTEHHM Ta IHIII JeTani 3
BHCOKOIO SIKICTIO TIOBEPXHI.

OpnHak, yabTpadioneToBe BUIIPOMiIHIOBAaHHS MOTaHO BIUIMBAE Ha cTilkicTh ABS (Tak,
i €0 COHSYHUX TMPOMEHIB TUIACTHK KOBTIE), IO OOMEXKY€E 3acTOCYyBaHHS HedapOoBaHUX
BUpOOiB Ha ByJuIi. ABS He mo0HUTh IpOTATiB i Yac APYKY, a MiJ] Yac HarpiBy BiH BUIUISAE Y
HOBITPSI TOKCUYHI pedyoBHHHU. Lle 3HauHO 00MeXKye 3aCTOCYBaHHS LbOTO IJIACTUKY B JEIIEBUX
NpUHTEpax 3 BIAKPUTHM KOpIycoM Oe3 opraizaiii sIKiCHOI BEHTWIIALIT MPUMIiIleHb, ¢ BOHU
BCTaHOBJICHI.

BHacniiok BiTHOCHO BHCOKOi ycaaky matepian ABS cxuibHHMI 10 po3IIapyBaHHS
HAJPYKOBAaHOTO BHUPOOY Ta BHMAarae HasBHOCTI poOOYOTO CTOJIa MPHHTEpA 3 MITITPIBOM 10
temnepatyp 100-110°C. fkmo 1poro He 3poOUTH, TO y OLIBIIOCTI BUMAAKIB HA oyaTtky 3D-
JIPyKy MOXYTh BHHUKHYTH TPOOJIEMH 13 MPHIUMAHHSAM 10 TIOBEPXHI CTOJIA MEPIINX IIapiB
pO3irpiToi TMJIACTUKOBOI HUTKH, BHACIIIOK 4YOTO BUpPIO BiOpHUBAaeThCA BiAg cTona il Bce
noTpiOHO Oy/ie MOYNHATH 3aHOBO.

Bce BumieHaBengeHe OOyMOBIIOE 3acTocyBaHHA IutacTuky ABS  nmns  npyky
JEKOPAaTUBHUX BHUPOOIB 13 JIOAATKOBOI XIMIYHOIO OOpPOOKOIO 30BHIINIHIX MOBEPXOHb,
BUTOTOBJICHHS JleTaJled THUIy pI3HOMAHITHUX BaJliB, BTYJIOK, TSI Ta KPOHIUTECHHIB 3
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HEBEJIMKOI0 KUIBKICTIO FOCTpUX KyTiB Ta rpaneld. [Imactuxk ABS myxe rapHo mokasaB cebe
Ui OMMHWYHOTO abo  ApiOHOCEepiiHOrO JApyKy KOpIyCiB Ta IHIIUX MOJIOHHX
KOMILJICKTYIOYHX.

3a acOPTUMEHTOM JOCTYITHUX KOJHOPIB Ta IO 1HIIMM CIOXHBYIM SKOCTSIM TEXHIUHI
mwiactuku PETG, PCTG ta CoPET npaxktuuno He noctynarotbest ABS. Takox BaKIMBO € Te,
0 IIi MOIYJISIPHI MaTepiaau HabaraTo MEHII TOKCHYHI, HI)X ABS, TomMy 0e3mekoBi 3axomu
JUIs HUX MEHII cyBopi. HeBenuka BelIMuMHA yCaKu 103BOJISIE CTBOPIOBATH JIETaIl 13 BUCOKHM
CTyIEHEM TOYHOCTI T€OMETPUYHUX pO3MipiB, a 30amaHcoBaHi (Hi3UKO-MEXaHIYHI
XapaKTepUCTHKH A03BONSAIOTH JpykyBaTH 3 ¢inamenty PETG, PCTG Tta CoPET taki
BIJIMOBIIAJIbHI JIETaNl, SK Bajd Ta KOPIYCH MEXaHIYHUX PEAYKTOpIB, IO MPAIIOITh 3
HEBEJIMKMMHU HaBaHTAXXEHHSMH, 3y04acTi Kojieca Ta IeCTepHi, ONOPH, KPUIIKH, KPOHIITSHHN
Ta TATU. 3aBISKH TapHIA aare3ii MK APyKOBaHUMH Iapamu IuiacTuky marepiann PETG,
PCTG Tta CoPET nyxe nmobpe miamamThcsi CBEPUTIHHIO, TOYIHHIO, (pe3epyBaHHIO,
Hapi3aHHIO Pi3b0M Ta 1H. 3aBASKKM TapHOMY KOB3aHHIO Ta BHUCOKIM MIITHOCTI Ha yaap i
IUIACTHKU € JyXe MEepCIeKTUBHUMM MaTepialaMu Jjs BHUPOOHHMIITBA Halpi3HOMAaHITHUX
OJIMHUYHHUX Ta APIOHOCEPIMHUX BHPOOIB.

[Ile oxniero BaxnuBoio nepesaroto miactukiB PETG, PCTG Tta CoPET e ix Bucoka
CTIAKICTh 110 yJbTPadioIETOBOTO BHUIPOMIHIOBAHHS, TOMY BHUPOOM 13 HHX YCIIIIIHO
NPALOIOTh 10332 TNPUMIIIEHHAMU 0€3 JOAATKOBHX 3aXHMCHUX MOKpPHUTh. Hemomikom Iix
MarepiajgiB € JOCHUTh BHCOKa IUIMHHICTh Tif dYac Apyky. lLle BuMarae petenpbHOTO
HanamTtyBaHHsa 3D-npuHTEepa Ta KOHTPOIIIO HOro MmapaMeTpiB MiJ Yyac APYyKy Aeraneid. Bucoka
TeMIepaTrypa IpyKy MOKE€ BHBECTH 13 JIaay IUJIaBKi (TOPOILIACTOBI BCTaBKU B JIPYKYIOUid
TOJNIBIi, Ta BHMMAarae 3acTOCYBaHHS CICIIAJIbHUX METaJeBUX TEpPMIUHUX Oap’epiB, 13
CYLIJILHOTO MeTaly, sIKi KOIUTYIOTh JOBOJI KOLITOBHI Yy TMOPIBHSHHI 3 TPaauLiiHUMU
JIpyKyIOUMMH rojiiBKaMu. Temmeparypa po3m’sikiieHHs 1 mexaHiuna minHicte PETG, PCTG
ta CoPET Hmwxkuye y nmopiBHsHHI 3 ABS.

BpaxoByroun Bce BHILIEHaBEACHE, MOKINBO pekoMeHayBaTH miactuku PETG, PCTG
ta CoPET B AKOCTI MEepCIEKTUBHOTO MaTepiany JUisi CTBOPEHHS MPOTOTHUITIB TIEPCIIEKTUBHUX
TEXHIYHUX BHUPOOIB CKiIaaHOi opmu. Hanpukian, 3 1boro GpilaMeHTy MOKIMBO BUTOTOBIISTH
MPOTOTUII KOPITYCIB PEAYKTOPIB E€JIEKTPOIIJACHIIOBAYIB PYIHLOBOTO KEPYBaHHS, MOMIPHO
HABaHTAXXCHI KIHEMAaTU4HI MapH, eIEMEHTU JIEKOpPY, a TaKOX BUPOOHU, IO E€KCILTYyaTYIOThCS
103a MPUMIIIEHHSIMH.

3aBASKM BHCOKIM CTIHKOCTI HEHJIOHY IO CTHpaHHS Ta BHUCOKHX TEeMIIepaTyp, HOro
MIIHOCTI, TPYHOCTi, TEPMOCTIMKOCTi, XiIMIUHIA CTaOUIBHOCTI, HU3BKOMY KOE(QIIIEHTY
KOB3aHHSI 1€l MaTepiasl € He3aMiHHUM JJIs1 IPYKY PI3HOTO THITY LIECTEPEHb Ta HaBaHTaKEHUX
KOHCTPYKIIHHUX AeTanei. OMHaK, He3BaKar0uu Ha HU3KY NEepeBar, HEHJIOH Ma€ y)Ke BUCOKY
yCaaKy, MOTpeOdy€e BUKOPUCTAHHS 3aKPUTUX Kamep Ui JPYKY Ta CKJIaIHHUM A CTBOPEHHSA
BEIIUKUX 3a po3mipamu BUpoOiB. OKpiM HEOOXIMHOCTI 3aCTOCYBaHHS TPUHTEpA, SKHI
notpedye pEeTesIbHOTO HANAIITyBaHHA caMe JUIsl OpYyKy HEHJIOHOM, IMOTPIOHO Ime ayke
npaBUIbHO 30epiraTd Ta MiATOTOBIMIOBAaTH (iTaMeHT (HEMIOHOBY HHUTKY). [loTpiOHO
BpPaxOBYBaTH BHCOKY CTYIiHb YCaJKH HEHJIIOHYy Ta HpU CTBOPEHHI BIpTyalbHOI MOJEINi
000B’3KOBO KOpEryBaTH ii po3Mipu 3 ypaxyBaHHAM KoedimieHTy ycaaku. Haikgactime
HEHJIOH BHKOPUCTOBYEThCS uisi 3D-ApyKy OMOPHUX MIAIIMIHUKIB, BKIAIHINIB, BTYJIOK
KOB3aHHS Ta HaNPSMHUX €JIEMEHTIB JIeTaJIeH, sKi MPAIIOIOTh B YMOBaX BHCOKUX TEMIIEPATyp
Ta M1 BILIUBOM arpeCUBHHUX XIMIYHUX PEYOBHUH.

3a pe3yabpTaTaMy MPOBEJCHUX JTOCIIKEHh TOYHOCTI PO3MIpiB JeTaeil, OTpUMaHUX 3a
nornomororo  FDM-texHomnorii Oyno po3pobiieHo BAOCKOHaleHWH anroput™m 3D-apyky 3
BUKOPUCTAHHSAM TEXHIYHHUX TUIACTHKIB JJISI OJUHHYHOTO Ta JAPiOHOCEPIHOTO BUPOOHUITB,
KU IPEeICTaBICHO Ha puc. 12.
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Creopenns 3D mozneni Bupoby abo i ckiiafioBUX
YACTHH 13 BpaXyBaHHAM MAKCHMAJILHUX PO3MIpiB
JAPYKY Ha 0DpaHOMY IPUHTEP]

.

Bubip HaitbinbI npuaaTHOTO
martepiainy 3a 3aJlaHuMH KpiTepiaMu
(nependauyBaHi yMOBH eKCILIYATALLIT, HABAHTAKEHHS,
NOTPIOHHI CTPOK CITYKOH
Amnauis noepxons 3D Mozeni 3
METOI0 1T PABLILHOIO PO3TALIYBAHHA
[na cToni npuxTepa, craiicinr, HanawTyBaHHs
napamMeTpis ApyKy
4 b
JIPYK KOHTPOIBHOIO 3pa3ka 3 Bubop inworo
o@panoro marepiany, OliHKa SKOCTi j BHJIY T/1aCTHKA, KOPHTYBaHHA
JApyKy 3a obpanumMu Kpitepiamu % HapaMeTpis JApyKy

Pesynbrati 3a10B11bHI ‘

ITpusnauenus
BHpOOY

INepeadauysana
IIPOrpamMa BHITYCKY

<>

Ocraroune Kopuryeatns (3a norpe6u) posmipis 3D Bugop iruoi
TEXHOI0I'T

MOJIEI [U1A BIAMOBIAAIBHUX JACTaICH
BHIOTOBJICHHHA

Jlpyk notpi6noi naprii aeranei

Pucynox 12 — Baockonanenuit anroput™ 3D-npyKy neTasneili 3 BAKOPUCTAHHSM TEXHIYHUX IJIACTHKIB
Lrcepeno: pospobneno asmopamu

BucHoBku.

1. 3D-mpyk 3a FDM-TexHomori€ro € OgHUM 13 HaWOIIbII €KOHOMIYHHX CIOCO0iIB
CTBOPEHHS YHIKAJIbHUX Ta MAJIOCEPIHUX JeTaneil abo MpOTOTHINIB 13 TEXHIYHHUX IJIACTHKIB.

2. Yac 3D-gpyky neraned 3a Ii€l0 TEXHOJIOTIEIO IUIKOM TPUHHATHUNA B yMOBax
OJMHUYHOTO Ta JpiOHOCEpIHHOr0 BHUPOOHMITBA, a ICHYIOYl TEXHOJIOTii JOCTYNHI Ta
BIJINTpaIlbOBaHI.

3. HasgBHWiII MmMUPOKHIA AaCOPTHUMEHT TEXHIYHUX IUIACTUKIB TMIAXOMUTH SK IS
CTBOpEHHS (hI3UYHUX MOJEJICH MPOTOTHUIIIB, TAK 1 JJIT KOMEPIIMHOTO 3aCTOCYBaHHS.

4. OcobmuBocti 3D-npyky 3a FDM-TexHOJ0Ti€0 00YMOBIIIOIOTH HMXKYY PO3MIPHY
TOYHICTh Ta PO3JAUIbHY 3/IaTHICTh Y MOPIBHSHHI 3 IHITUMHU TEXHOJIOT1SIMHU, TOMY IIeH croci0 He
PEKOMEHAYETHCS IS IPYKY Mojienielt ckiiaaHoi popmu Ta 3 ApiOHUMU TEeTATSIMH.

5. TotoBuit BupiO BHacmiIOK ocoOmmBocTed FDM-TexHomorii micias IpyKy Mae
BUAMMI IIapi MaTepiany, TOMY B pasi MOTpeOU rapHOro 30BHILIHBOTO BUTIISAY AeTani Oyne
HeoOXiTHa J0/IaTKOBa 00pOOKa.

6. Azresist HaJPyKOBaHMX IapiB MIIACTUKY MOMIX cO00I0 pOOUTH AeTali, OTpPUMaHi 3a
nornomororo FDM-texnouorii anizorponHumMu. Came ToMy He Oa)kaHe BHKOPHCTAHHS TaKHUX
JieTajeil y BiINOBITAIbHUX BY3J1aX, K1 MPALIOIOTh Ha PO3TAT.

7. 3 Meroro 3amoOiranHs AedopmMarii aeransi y BHUIJISAl 3aTMHAHHS KYTiB TIIOCKOT
OCHOBH Ha IIacTUKax THIy ABS, 1m0 MaioTh 3HaYHMIA BiJICOTOK yCaJIKu, HEOOXITHO YHUKATH
po3TanTyBaHHS BEJIMKUX TJIOCKUX AUISTHOK y TOPHU3OHTAJBHINA IUIOMIMHI, @ B pa3i moTpedu
nepeadavyBaTH MIATPUMKH B MICIISIX PO3TAIIyBaHHs FOCTPUX KyTiB (>45°) Ha Mozeni.

8. Ilix wac mpyky nmeraneil 3 OTBOpaMu, iX po3Mipu 3aBkau OyayTh JEI0 MEHIITUMH.
e MOSICHIOETBCS XapaKTepOM PO3IOALTY HANIPYKEHb Y JCTali, IPUYOMY XapaKTep YCaIKH MO
ocsix He miHIMHMEA. Tak, mo oci OZ ycanka menmia Hix 1mo ocsx OX u OY. Lle mosicHIoeThCS
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TUM, 10 IIApU IIACTUKY Mo oci OZ HakIaialoThCs Ha poOOYy MOBEPXHIO CTOJa MPUHTEpa
1mo3a 3aJeXKHICTIO Bif ycanku. [lin yac ApyKy TEXHIYHUMHU TUTACTHKAMHU Yy 3aKpHTIH Kamepi
npu Temneparypi crona B Mexax 100...110°C ycangka mo BCix ocsx Maiike He BiAPI3HAETHCA.
B TakoMy BUTIaJIKy MOKJIMBO BHKOPHCTOBYBAaTH OJWH KOEQIIiEHT 00 €MHOI yCaIKu IS BCiX
oceil.

Peanpauit noceing 3D-apyKy moka3ye, MO BiICOTOK YCAAKH JJISl OJTHOTO ¥ TOTO K BUAY
IUIaCTHKa, ajie 3 Pi3HUX HapTiil Moxe Binpi3HATHCh. Came TOMy JUIsl 3a0e3MeYeHHs] BUCOKOI
TOYHOCTI Ta SIKOCTI HAJAPYKOBAHUX BHPOOIB HEOOXITHO MigOMpaTh el KOe]imieHT IIIIXOM
JPyKy KOHTPOJBHHUX 3pa3KiB Ta BUMIPIOBaHHSAM OTpUMaHUX Mojenell. B ocHOBHOMY ycaaka
JeTajei 3aJIe)KUTh BiJl TeMIepatypu ekcTpy3ii. Uum Bule temmeparypa, TUM Oinbina Oyze
ycagka. B Takomy Bumajaky HeOOXiHO 3HalTH «30JI0TYy CEpEeIUHY» MOMIX aJresi€ro
HAKJIaJeHUX IIapiB TUIACTHKY Ta HOro ycaakoro. Takok Ha ycaaKy MOXYTbh BIUTHBATH
TOBIMHA HAaKJIaJEHOr0 INapy IUIACTHKA, JAlaMeTp BUKOPUCTAHOTO COIUIA, XapakTep Ta
BIZICOTOK 3alOBHEHHS 00’eMy jeTami, TOBIIMHA ii CTIHOK, ra0apuTH, MIBHIKICTH IPYKY,
HaNpsIMOK MOTOKY MOBITPs MiJ 4ac 00ayBY JeTail JOJaTKOBUMHU BEHTUISTOPAMH TOILO.
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Improving the Dimensional Accuracy of Engineering Plastic Parts Manufactured by

Fused Deposition Modeling (FDM) 3D Printing

The current state of the use of additive FDM 3D printing technologies in the manufacturing of mating
(interfacing) components made of engineering plastics has been investigated. The possibility of improving the
geometric accuracy of plastic parts through the application of an enhanced 3D printing process has been
substantiated. An improved methodology for evaluating the quality of manufactured parts is proposed, in
particular with regard to the compliance of their actual geometric parameters with those specified in a specially
developed 3D model. Additionally, recommendations have been developed for the selection of 3D printing
parameters and for the adaptation of technological approaches to the fabrication of components from various
grades of engineering plastics.
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BusHadenHs ontuMaibHuX napameTpisB PABO
KYJIQuKIB PO3MOA1IbHUX BaJIiB

VY cratTi npejcTaBiieHi pe3ynbTaTd AOCIIKEHHsI, CIPSIMOBAHOTO Ha MOKPALIEHHs! SIKOCTI OTPUMAaHHS
aHTH()PUKIIHHAX TOKPUTTIB TiX Yac BUKOPUCTAHHSA (IiHIOIHOI aHTUPPUKIiHHOI Oe3abpa3uBHOI 0OpPOOKHU
KYJIa4uKiB pO3MOAUTFHAUX BaJliB aBTOMOOITBPHHUX Ta TPAKTOPHUX ABHUTYHIB. 3a KpHUTepil ontuMizarii 0yio oOpaHO
YMOBH SKOCTI aHTH()PHUKIIIHHOTO TOKPUTTS (CYHIIbHICTB, BITHOCHA MOPCTKICTH MIOBEPXHi) Ta eKCIUTyaTaLliiHIH
MOKAa3HUK — IHTEHCHBHICTh 3HOINYBaHHA 3pa3zka. DyHKmisMu Binryky Oymu obpani pexumu PABO 3a
BU3HAYCHOI CXEMOIO HAHECEHHS aHTU(QPUKIIMHKX MOKPHUTTIB HA POOOYY MOBEPXHIO KYJIAa4yKiB PO3MOIUILHUX
BauiB. [licisi mpoBeneHHs OaraTtoakTOpHOrO €KCHEepUMEHTY, Ha OCHOBI pe3ysbTariB, 0yJ0 OTPUMAaHO Cepiro
MaTeMaTUYHUX MOJEJNIeH y BUIJISI piBHSIHB perpecii. AHaji3 MaTeMaTHYHUX MOZENEH J103BOJIMB BH3HAUYUTH
ONTHMANIbHI 3MiHHI 3Ha4YeHHs peXXUMHUX napameTpiB DABO.

PesynbraT HaAAHOTO NOCIIIKEHHS JO3BOJMIM BU3HAYUTH onTUMalbHI pexxumu DABO, a came: THCK
IHCTPYMEHTY, IIBUAKICTh KOB3aHHS IHCTPYMEHTY Ta Iojjada iHCTPYMEHTY.

[Ipn 3amaHKX ONTHMAIBHUX MapameTpax OyJI0 OTPUMAaHO NMPOTHO30BaHI 3HAUYEHHS BUXIJAHUX 3MIHHUX:
CYLUIBHOCTI HOKPHTTIB, IHTEHCHBHOCTI 3HOIIYBaHHS Ta BiJHOCHOI IIOPCTKOCTI.

BcranoBneno, mo 3i 30umbmeHHsM THCKY 10 60 MIla cmocrepiraeTbcsi 3MEHIIEHHS iHTEHCHBHOCTI
3HOLIYBaHHS, IIPOTE MOJANbIIe 30UIBLIICHHS THCKY MAa€ TeHICHMLI0 10 ii 3poctanHs. [Ipn 3amaHuX MIBHAKOCTSIX
npubmmzHo 2,0 M/c cmocTepiraeThcsi 30UTBIICHHS CYIUTBHOCTI MOKPUTTS [0 JOCATHEHHS MaKCHMAalbHIX
3Ha4€Hb, MOJAJBIIC 301IBIICHHS MIBUIKOCTI KOB3aHHS HEraTHBHO BIIJIMBAE HA CYLUIBHICTh HOKPUTTS 4epe3
HEJIOCTaTHE 3alOBHEHHS MiKpopenbedy Ta moraHe (GopmMyBaHHS aHTU(PPHUKIIHHOIO MOKPUTTS. 30LIbIICHHS
nojiayl y BChOMY Jlialla30Hi HEraTHMBHO BIUIMBAa€ Ha BIIHOCHY WIOPCTKICTb, TOMY IIiJi 4ac OOpOOKH Clif
MiATPUMYBATH MiHIMaJIbHI 3HAUSHHS I10/1a4i.
anTUpHUKIiiiHe NOKPHUTTS, PO3NOALILHUA Baj, JOBrOBiYHiCTH, OaraToKpuTepiajbHa onTHMi3ammis,
TeXHOJIOTIYHUI mapaMeTp, 3HOCOCTIHKICTH
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