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VIJIK 373.51
OCOBJIMBOCTI 3D-JIPYKY JUIA IPHHTEPIB FDM/FFF

A.C. Kamsuenko

XapriBchKHi HalllOHANEHHIT YHIBEPCHTET Pa/IioeNeKTPOHIKH

Vrpaina, 61166, Xapkie, mp. Hayku 14

E-mail: anton.kalchenko@nure.ua

Anorauia: [loaea texmonorii 3D-apyky zpobuna peromionio B oOpoDHIA NpPOMHCIOBOCTI,
NPONOHYIOHH IHHOBALIHI pilleHHA B pizHUX ramyzax. [longpHa KiHeMaTHKa € OJIHIEK 3 HOBITHIX i
nepcneKTHBHHX TexHomnoriii 3D-apyky. Ll cratra mMae Ha MeTi ofroBOpHTH NepeBard Ta HEIOMIKH
3D-npuHTEpIE 3 NOJAPHOK KIHEMATHKOK, JOCHIIHTH TEXHONOrWD, INO JEKHTE B 1l OCHOBL, 11
38CTOCYBAHHA.

Kawuogi crosa: 3D-apyk, nongpHa KiHeMaTHKA, TIEPEBart, HeloMiKH.

FEATURES OF 3D PRINTING FOR FDM/FFF PRINTERS

A, Kalchenko

Kharkiv National University of Radio Electronics

Ukraine, 61166, Kharkiv, Nauky av.,14

E-mail: anton.kalchenko@nure.ua

Annotation: The emergence of 3D printing technology has revolutionized the manufacturing
industry, offering innovative solutions in various fields. Polar kinematics is one of the latest and
promising techniques used in 3D printing. This article aims to discuss the advantages and
disadvantages of 3D printers with polar kinematics, exploring the technology behind it, its
applications.

Key words: 3D printing, polar kinematics, advantages, disadvantages.

Texnonoria 3D- -IPYKY apobuna penomcluim ¥ nupuEHqurBi 00'eKXTIE, [O3BOMHBIIN HaM
CTBOPIOBATH CKIAMIHI cpopmu Ta CTPYKTYpH 3 BigHocHOWO nerkicTio. OgunM i3 tTunie 3D-npunTepis,
AKHI1 HAaOYB MONYIAPHOCTI B oCcTaHH] pokH, € 3D-npuuTepH 3 MOJIAPHOIO KIHEMATHKOO.

MopemoBasna nnaeneHuM ocamxeHHam (FDM), Takom BimoMe AK BHTOTOENSHHA 3 IJIABIEHHX
untok (FFF), € naiinommupenimmy tunom 3D-apyky xa nobyropomy pieni. FDM 3D-npunrepn
HPalIOTE LUUIXOM €KCTPY3il TepMOIIacTHYHHX HHTOK, Takux Ak ABS (akpunonitpun-oyragien-
ctapoan), PLA (nonivMonouna KHeloTa), depes HArPITY HAcajKy, PO3ILIABIAIOYH MAaTepial | HAHOCHTH
IMACTHK LIAP 3a WapoM Ha podouy miatdopmy. KoxkeH wap HakIagaeTECA D0 9epii, MOKH JETANL He
ovae rotoea.[1-2]

FDM 3D-npuntepn nobpe niaxoAATk Ani CTEOpPeHHA Oaz0BHMX Mojenell A NMiATBepIKCHHA
KOHLIEMII], a TAaKoX ATA WBHIKOTO | HeIopororo CTBOPCHHA NPOTOTHINE MPOCTHX JeTanled,
HaNpPHKNaj, AeTanci, AKi 3a3BHuai ninJaloTees MexaHiMHIHA obpobul. Omnak FDM mae HafiHmkwy
pO3ALUIBHY 31aTHICTE | TOMHICTL MopiBHAHO 3 SLA aGo SLS i e € Haiikpanum BapiaHTOM 118 APYKY
CKIIATHHX KOHCTpYKUiH aGo neraneii 3i cknagmumu diyHeniamu. binem axicwy obpobky MomxHa
OTPHMATH 3a JOMNOMOIo XIMIMHHX | MeXaHIMHHX npouecie nonipyeanua. [lpommcnosi FDM 3D-
IPHHTEPH BHKOPHCTOBYIOTE PO3MHHHI OIOPH, Mo0 NOM'MKIIHTH JedKi 3 X npodieM, | NponoHyoTs
IUHPIMIHA  ACOPTHMEHT IHKEHEPHHX TEpMOIUIACTIB, ane BOHH TAaKO® MalTh BHCOKY IIHY.
MozenoBaHHA METOAOM IUIABKOTO OCA/DKEHHA € IlealbHHM plmeHHAM: OazoBHX Mojeneil mns
NIITEEPIKEHHA KOHLEMNLIL, NPOCTOro NPOTOTHIYEAHHA.
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Pucynok 1 — Cxematntse so0paxenns FDM npyky

Ha pigminy Bin gekapTopol, Heff THI NPHHTEPIE BHKOPHCTOEYE NOMAPHY CHCTEMY KOOPIHHAT,
ToDTO OYIye TOMKHM Ha KPYroBiil ciTml, a He HAa NPAMOKYTHIH: Vv ABOBHMIPHOMY NIPOCTOPI NONAPHI
NPHHTEPH BHKOPHCTOEYIOTE KYT I BIACTaHB, A He BigcTaHi mo ocax X 1Y, mob BH3HaMHTH Micle
pO3TALIYBAHHA TOYOK BITHOCHO MOYATKY KoopauHat. Llei THN npHHTEpIB eKCTpYAYE HHTKY, 8K 1 iHIIi
FDM-npuuTepn, ane ApYKyHOHAa FONOBKA 3aBH4Ail 3'€IHYETRCA 3 BHTHYTHM BamKeneM, AKHil Moe
HOBEpPTATHCA HA30BHL

[lonapHui NpUHTEPH BHKOPHCTORYIOTE KPYTIy pobouy IUIAcTHHY, 1o ofepracThed. 3a J0NOMOTom
LBOTO PYXY MallliHa JIPYKYe NOTpiOHHH o0'eKT map 3a mapoM, KOIH BCTAHOBIEHHIT KpoHIITEiH
JAPYEYIOH0I FONOBKH PYXacThed Bropy B3J0BK ocl Z.

Pucynok 2 — Ilpuxnan kinemarn=xoro npuatepa Polar3D

Ocnoeni etan 3D-1pyKy MOXKHA ONMHCATH JeKUTBKOMA KPOKAMH:

Kpok 1 - Moaemopanns

Ilepm Hix cTROpHTH 00'eKT 3a JonoMorow 3D-npuHTepa, HOBHHHA OYTH CNPOEKTOEAHA MOAETE
38 JONOMOTO0 KOMITHOTEPHOTo nporpamuoro abesnedenns. Mogenosanus - e nepumii kpox 3D-
ApyEy. 3azenuail pozpobnAiTe Moaen 00'eKTIE 3a JONOMOTO CHEHIANEHOTO THIY KOMITIOTEPHOTO
nporpaMHoro sabeinedeHHA, BiJOMOTO AK MAKeT aBTOMaTH3oBaHoro npoekryBanusa (CAD). Ilicna
iaBepiieHHA Mojaens o0'ekta 30epiracTeea v opmarti crepeonitorpadii (STL) abo  daiini
aguTHBEHOTO BHpoOHHUTEA (AMF).
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Pucynok 3 — [Ipouec MojentoBanus

Kpox 2 - [lpyk

Jpyruit eran 3D-apyky nepenbauae apyk, abo crBopenHs, ob'exrta. Slkmo y caiini Hemae
MOMHJIOK, KOMIaHIA-BHPOOHHK MOXe 3aBaHTaxuTH Horo Ha 3D-npuntep. 3D-npunrep
BHKOPHCTOBYE IHCTPYKUIT y BiAMOBIIHOMY (haiini, mob BH3HA4YMTH, J€ | K pPO3MILIyBaTH MaTepia.
binbmricts 3D-npuHTEpIB CTBOPIOIOTL 00'€KTH, HAKIIAAAK0uH IIAPH MaTepialy Ha po0ouy MOBEpPXHIO.
Cniouatky 3D-npuHTep CTBOPHTH HIDKHIN IIap, a NOTIM HACTYNMHHH 32 BHCOTOK map. 3D-npuHTepH
MOXYTh BHKOPHCTOBYBATH pI3HI MaTepiand Ui CTBOpPeHHS OO'€KTIB, ane HaHNOMIHPEHIIINM
MaTepiazoM JUI LbOTO MPOIECy € TEPMOTUIACTHK.

Pucynox 4 — Ilpuknan creopenns 3D-mozemni

Kpox 3 - ®Oininrna 0dpobka

Tpertiii 1 3aBepmanshuii eran 3D-apyky - dinimna obpobka. Sk BunimBac 3 Ha3py, QiHilIHA
obpobka nepenbayac HaHECEHHA OCTaHHIX INTPHUXIB Ha HajpykoBaHuii ob'ext. Hampuknan, mo
HaJpYKOBaHOro o0'eKTa MOXKyTh OYTH J0jaHi PO34YHHHHKH, 100 yCyHYTH Oy/b-fiKi MOBEpXHEBI
AeeKTH, a TaKoX CTBOPHTH OUIbIn rnaiky noBepxHioo. KpiM Toro, sKmo mig 4ac ApPYyKy
BHKOPHCTOBYBA/IHCS MUICTABKH I8 YTpHMaHHA 00'ekTa, iX moTpibHO mpuOpaTH mig Hac TPeThoro,
3aKmo4Horo eramy.[3]
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Pucynok 5 — Ilpouec o6poku roroBoi Mozeni

[lonsipHi KiHeMaTHYHI NPHHTEPH BHKOPHCTOBYIOTHCA UIS MIHPOKOTO CHIEKTPY 3aBlaHb y PI3HUX
rany3sax npomucioBocti. Ock AesKi 3 HafMONIHPEHINHX 3aCTOCYBaHb MOJSAPHHX KIHEMATHYHHX
NPHHTEPIB:

- lllBnaxe nporomumyBanHs: OJHe 3 OCHOBHHX 3acTOCyBaHb 3D-mpHHTepiE 3 NOISPHOIO
KIHEMaTHKOIO - HIBHJKE CTBOPEHHA NPOTOTHMIB. |HXeHepH Ta ju3aifHEpPH MOXYTh LIBHIKO
CTBOPIOBATH MNpPOTOTHNH CBOIX Ppo3po0OK 1 TecTyBaTH IX, IMeEpmI HDK MEPeXOAMTH 10
nopHoMmacmTabHoro BupoOHHITBA. IIBHAKICTE | TOYHICTH NMPHHTEPIR 3 MOMAPHOI0 KIHEMAaTHKOIO
poOnsATh X 11eaIbHIMH JUIs LI€T METH.

- Jlpibuocepiiine BupoOHuuTBO: [lonspH] KiHeMaTHYHI NPHHTEPH TAKOX BHKOPHCTOBYIOTHCS
Ans ApibHOcepiiiHOTO BHPOOHHITBA IHAHBIAYAIBHHX JeTanei 1 koMnoHeHTiB. Lle ocobinBo koprcHo
B TAKHX Taly3sx, K aepOKOCMIYHA, aBTOMOOLIEHA Ta MeHYHA, Jie JeTaii MoTpiOHO HalamTOBYBAaTH
BIIOBITHO JI0 KOHKPETHHX 3aCTOCYBaHb.

- Oceira Ta gocnipxenss: [lonspHi KiIHeMaTHYHI IPHHTEPH TAKOX BUKOPHCTOBYIOTBCS B OCBITI
TAa JIOCIDKEHHSAX, /€ IX MOXKHA 3aCTOCOBYBATH /U HaB4aHHA CTYACHTIB Texsonorii 3D-apyky ta
HPOBE/ICHHSA JIOCIUIAKEHD Y TAKHX TATY38X, SK MaTepiallo3HABCTBO, IHKEHEPIA Ta JAH3aiiH.

- MucreurBo Ta au3zaiin: [lonspHi KiHeMaTHYHI IPHHTEPH TAKOX MOXKHA BHKOPHCTOBYBaTH B
XY/IOXKHIX 1 TBOPYHX LLUIAX, HANPHKIAJ, Ui CTBOPCHHS CKYIBNTYP, IOBETIPHHX MPHKPAC Ta IHIIHX
JIeKOPaTHBHHX 00'€KTIB.

- Cnoxuui ToBapu: 31 3pocTaHHAM nomynspHocTi 3D-ApyKy nonsipHi KiHeMaTH4HI IPHHTEPH
BHKOPHCTOBYIOTh JUIi CTBOPEHHS CIOKHBYHX TOBapIB, TAKHX AK HOXIH Ui TenedOHIB, Irpalliki Ta
npeaMeTH nodyry.

3aranoM, MojasApHI KIHEMAaTHYHI MPHHTEPH NpPONOHYIOTh YHIBEpCcaubHHIH Ta e)eKTHBHHI Crocid
IIBH/IKOTO 1 TOYHOIO CTBOPEHHS CKJIAJHHX 00'€KTIB, 10 pOOHTH IX HMIHHHM IHCTPYMEHTOM Y PI3HHX
rany3sax NPOMHCIOBOCTI Ta chepax 3acTOCYBaHHSL.

[Nepeparu 3D-npunTEpIB 3 NOIAPHOIO KIHEMATHKOIO:

- Buma meuakicts apyky: OIHI€IO 3 FOJOBHHX nepesar 3D-npuHTEpIB NOIAPHOT KIHEMATHKH €
Te, IO BOHH NMpAIiOIOTh IBH/IIIE, HIK TpaauuiiHi Aekaprosi 3D-npunaTepn. Lle nos'szano 3 tiM, mo
NoNsApHA CHCTEMa MOXe MepeMimarH ApYKYIOdy TOIOBKY OB MPAMOMIHINHO 1 ed)eKTHBHO,
CKOPOYYIOYH Hac, HeoOXIAHHIA /U1 APYKY MOJIeIi.

- 3menmenns Bibpauiii: llle oanieio nepesaroio 3D—npmnep'm 3 MOJIAPHOIO KIHEMATHKOIO € Te,
IO BOHH, K IMPaBHIIO, CTBOPIOIOTH MeHIIe Bibpauiii mix wac apyky. Lle nos'szano 3 M, mo pyx
ApYKYIOHOi TOJIOBKH € OUIbII MJIAaBHHM 1 KOHTPONBOBAHHM, IO 3MCHUIYE PHU3HK MOMMIOK abo
HEBIINOBITHOCTEH Y KIHIEBOMY BiIOHTKY.

- binbmmii aianazon pyxy: 3D-npHHTepH 3 NMOISAPHOIO KIHEMaTHKOIO MalOTh OUIBIINI JianazoH
PyXy. HDK TpaamuuiiiHi aekaprtoBi npuHTepu. lle o3nawae, mo BOHM MOXKYTb APYKyBaTH 00'€KTH
CKIaHIMHX (OPM 1 KPHBHX, 110 POOHTH IX IeanbHHMH /Ul CTBOPEHHS CKIAJHHX KOHCTPYKLIH i
JCTAIbHHX MOJIETICH.
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Henonikn 3D-npuHTEpIE 3 NONAPHOK KIHEMATHKOO:

- Bucoxka sapticte: OfHHM 3 OCHOBHHX Hefonikie 3D-npuHTepiE nomApHol KIHEMaTHKH € Te,
IO BOHH J0POXi 33 Tpaguiifinl nekaptosi 3D-npuntepn. Lle nos'szaHo 3 THM, 110 BOHH BHMATAI0Th
OLIBII JOCKOHAIHX TeXHOMOT | KOMIOHEHTIE, Mo 30UILIIYE 3aralsHy BapTICTh NPHHTEpA.

- Crnagnimmii gusafin: 3D-nprHTepH nonapHOT KIHEMATHKH MalOTh CKIaIHINY KOHCTPYKIIO,
HDK TpagHuifini gexaproBi npuaTepH. lle Moke yekmanHMTH IxHe 30HpaHHA Ta EKCIUTYATaLiio, MO
BHMATA€ BUIIOTO PIBHA TEXHIMHAX HAEHHOK | 3HAHE.

- Obmemxena nocTynHicTe: 3D-NpHHTEPH 3 NOMAPHOK KIHEMATHKOK BECe IS BITHOCHO HOBI Ha
PHHKY, @ [I¢ 03HAYac, M0 BOHH HE TAK IHPOKO JOCTYIHI, AK TpajMuiiHi nexaproel npuatepn. lle
MOXE YCKIAIHHTH MOUIYK NOTpiOHOro NMpHHTEepa /A Balux notped, a TAKOX VCKIAJHHTH MOMIYK
sanmacHuX gacTHH. [4,5]

Omxe, 3D-npuHTepH 3 NOMPHOK KIHEMATHKON MaiOTh HH3KY NepeBar Haj TpaJHUiHHMH
AexaproBHMH 3D-npHHTepamu, 30KpeMa BHIIY IIEHIKICTE APYKY, MeHIny Bibpauniio Ta Oimbmmii
agianazoH pyxy. OnHaK BOHH TAKOX MAOThH JeAK]I HEJONIKH, TaKi AK BHILA BapTicTh, CKIAIHINIA
KOHCTPYKIIA Ta oOMemkeHa IOCTYNHICTh. 3pellTolo, pilleHHA npo BHEopHcTaHHA 3D-npuntepa
noaApHOT KIHEMATHKH 3aneKaTHMEe BLI BAIIHX KOHKPeTHHX noTpe | Glomkery, a TAKOX Bil BaIIOro
pIBHA TEXHIMHHX THAHE | JOCBITY.
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