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3D IPUHTYBAHHS METAJIAMUA: CTUCJHUN SWOT AHAJII3

B cmammi posenadaromecs mexuonozii, wjo 3acmocogyromscs 014 3D Opyky, ix nepesazu
i Hedoniku. Pesynomamu nimepamyprux 00cnioxncenb 3aCHOBAH] HA OUHAMIYHOMY PO36U-
MKY AOUMUSHUX MEXHON02TU | GKII0UA0Mb HAYKOGI NyoOaikayii He cmapute n’smu poxie.
Ozns0 npeocmasnenuil y euensioi kopomkoeo SWOT ananizy: Strengths, Weaknesses,
Opportunities, Threats (cunvni, crabki cmoponu, moxcaiusocmi, 3a2posu). Popmyniosan-
Hs npoOneMu BKIIOYAE 6 ceDe 66e0eHHs 8 MeMy | MiCmums pO3GUMOK I AKMyalbHICMb
mexHonoeiu 3D Opyky memanamu. Hadani meopemuuni 3acaou i eusHauyeHi mepmiHu
«Aoumuene supobHuymMeoy, «3D Opyky. B pobomi npedcmaeneHi OCHOBHI NPUHYUNU,
cymuicms ma cgepu 3acmocy8anhsa celeKmueHo2o nasepHoeo cnikauusa (SLS), npamoeo
Memanegoeo nasepnoco cnikanns (DMLS), cenexmusnozo nasepnoeo naasnentns (SLM).
Poszenanymo ocnosri 6uou memanegux mamepianie. B cmammi makodic oKpecieni CyuacHi
npobnemu i pusuxu 3D Opyky, moxcaueocmi i npocnosu. OOHI€ 3 OCHOBHUX npoDaem €
nopucmicms oemaneu. Bona mooice Oymu GUKIUKAHA CAMUM MEXHONOIYHUM NPOYECOM
abo memanesum NOPOUKOM, sukopucmanum 6 npoyeci 3D Opyky. [lopu 3menwyioms 3a-
2anbHY WIinbHICMb 0emani i MOJCYymb npu3gecmu 00 NOSAGU Mpiyun i 6momu. ¥ 6UCHOBKY
NIOKPeCTOEMbCA, WO KOHKPEMHI XapaKkmepucmuKky 0emaneu | WupoKuti CHeKmp 3acmo-
cysanb mexnoao2ii 3D Opyky 6e3yMO6HO 3MIHAMb YN 2any3i NPOMUCTIOBOCHE 8 OOCHYN-
HOMY 0718 02120y MaubymHubomy. [na KoMnauiti ma Kpain ocooiueo 8ax)ciueo nepedba-
yumu i aoanmysamucs. 00 Nomo4Ho2o pozsumxy 3D opyky, wob ne empamumu c6oi no-
3uyii Ha pUHKY.

Knrouoei cnosa: aoumusni mexnonoeii, 3D Opyxk, nazep, cnikanns, niagnenus.

Paouxuna M.A. 3D npunmuposanue memannamu: kpamxui SWOT ananuz. O630p
mexuonoeu 3D neuamu memaniamu evinonmen 6 eude kpamxoeo SWOT ananusa:
Strengths, Weaknesses, Opportunities, Threats (cunvHble, crabvie CMOPOHDI,
803MOXMCHOCIY, pUcKy). Pe3ynbmamsl aumepamypHbix UCCIe008aHUL OCHOBAHbI HA
OUHAMUYHOM PA3GUMUL AOOUMUBHBIX MEXHOIOSULL U HAYYHBIX NYOIUKayusix He cmapuie
namu Jnem. B cmamve onpedenenvl mepmunvl «A0Oumueroe npouzeoocmeoy, «3D
newamvy, 00CYIHCOeHbl OCHOGHLIE NPUHYUNBL U CHepbl NPUMEHEHUS CeNeKMUBHO20
nazeprozo cnexkanus (SLS), npamoco memannuyeckozo nazeproco cnexkanus (DMLS),
celekmusHo20  nazeproco  naasnenus (SLM). Paccmompenvl  OCHOBHble — UObL
MEMANTUYECKUX MAMePUAios, ouepuensl npodiemol 3D neuamu, meHOeHyuu u POSHO3bL.
O0notl u3 0CHOGHBIX NpobNeMm seasiemcss nopucmocmv Odemanei. Ona moocem Ovimo

*
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8bI36AHA KAK THEXHONIOSUYECKUM NPOYeccoMm, max U UCHOTb3YeMbiM Npu nedamu
Memaniuyeckum nopouikom. Muxponopul ymenvuiarom oowyo nIOMHOCMb U30eaus U
MO2Ym npueecmu K NOSLGICHUI0 MPEeWuH U YCmaiocmu. B 3axmouenuu noouepkugaemcs,
YUMo npuemieMvlii. KOMNJIEKC COUCmE Oemaneti U WUPOKULL CHEeKmp NPUMEHeHUs
mexuonozuti 3D neuamu, 0e3yC106HO, UBMEHAM yeabie OMPACIU NPOMIUULIEHHOCU 8
obospumom 6yoywem. [na Komnamuii u cmpaH 0COOEHHO BANCHO NPEOYCMOMpemb U
adanmupogamvcs Kk meHoenyusm pazeumusi 3D neuamu, umobvl He nomepsmv CeOU
NO3UYUU HA PLIHKE.

Knrwouesnvie cnosa: adoumusnvie mexronozuu, 3D newamw, 1azep, cnexanue, niagietue.

M.A. Ryabikina. 3D metal printing: a brief SWOT analysis. The aim of this article is to
analyze 3D-printing from various viewpoints and to determine its advantages and disad-
vantages. Therefore comprehensive information dealing with it has been thoroughly stud-
ied. The results were compiled in a brief SWOT — analysis (strengths, weaknesses, oppor-
tunities and threats); they are based on the dynamic development of 3D-printing technol-
ogies, the literature analysis includes the papers that were published not more than five
years ago. The formulation of the problem includes an introduction and contains the de-
velopment and relevance of metal 3D-printing technologies. The main material contains
the theoretical foundations, where the terms «Additive Manufacturing», «3D-printing»
are defined. Moreover, the basic principles and the proceedings order are presented.
Thereby, the selective laser sintering (SLS), direct metal laser sintering (DMLS), and the
selective laser melting (SLM) as a selection of different manufacturing techniques have
been described and discussed. The work briefly represents the main metal materials and
includes a comprehensive analysis. The possibilities, problems and risks of 3D-printing
technology are presented. One of the main problems is porosity. It can result from the
3D-printing process itself or even from the powder used in the process. These microscop-
ic holes reduce the overall density of the part and can result in cracks and fatigue. Be-
sides, a forecast for the development of 3D-printing is described. The conclusion sum-
ming up the most important results declares that the specific characteristics of the parts
and the wide range of applications of 3D-printing technology are to change whole indus-
tries in the foreseeable future. For companies as well as for countries it is particularly
important to foreknow it and to manage to adapt themselves for the current development
of 3D-printing in order to avoid losing their market position.

Keywords: additive manufacturing, 3D-printing, laser, sintering, melting.

IMocTtanoBka mpodaemu. B nanuii yac aIuTHBHI TEXHOJOTIT NIMPOKO BUKOPUCTOBYIOTHCS B Pi-
3HMX TalTy3siX MPOMHUCIOBOCTI, TAKUX SIK aePOKOCMiYHa, aBTOMOO1IbHA, BUPOOHULITBO CIIOKUBYHMX TO-
BapiB, MeanuHa cepa. ATUTHBHE BUPOOHHUIITBO TPOTIOHYE BXKJIMBUH DSl IIepeBar MOPiBHSHO 3 Tpa-
JUIIHHAME crToco0aMy BUTOTOBJICHHSI, SIKHH MOJISTa€ Y MOYKIJIMBOCTI CTBOPEHHS Pi3HUX JeTane 3 BU-
COKOIO CKJIQIHICTIO (hOpPMH, CKOPOUEHUM YacOM BUTOTOBJICHHS, TOIIO. MeXaHiuHi BIacTUBOCTI JeTa-
Jieil IPUMHATHI, BOHHU 3aJIeXaTh BiJ CKJIaly Ta po3Mipy METaleBUX MOPOIIKOBHX 3€PEH, BHYTPIIIHBOT
CTPYKTYpH JeTasiel, TapaMeTpiB TEXHOJIOTTYHOTO MPOIIeCy Ta TEXHOJOr1l BUroToBIeHH. Bka3aHi da-
KTOPH TAaKOK MalOTh Ba>KJIMBUI BIIMB Ha IIOPCTKICTh TOBEPXHi Ta TOYHICTh BUTOTOBJICHUX JCTAJICH.

AHaJji3 ocTaHHIX AocTiTKeHb i mybaikamiii. Ha BiqMiHy BiJ TpaaumiiHUX TEXHOIOTIH BUTO-
TOBJICHHS JIeTaJICH, KOJIU BIAXOAU MOXKYTh jgocsratu 10 70%, anuTuBHI TEXHOJIOTIT Maibke 0e3BinXo-
Hi 1 mepenbavar0Th MOOYI0BY JeTall MMOCIIJOBHAM JOJAaBaHHAM IIapiB MaTepiany. AJUTHBHI TEXHO-
Jorii € akTUBHO OOrOBOPIOBAHOIO TEMOIO, MPOTE HMpoMucioBuid 3D IpyK A0 TeNepiliHBOTO Yacy He
OTpPHMaB PO3MOBCIO/KEHHSI HA BITYM3HSHUX IiJIPUEMCTBAX. MaroTh MicIle OYEBHJHI MPOOIeMH, 3
SIKHMH CTUKaIOThCs BiiacHuky 3D mpuHTEpiB.

B nanuii yac aiuTUBHUM TEXHOJIOTISIM IMPUCBSYEHA NEPEBaKHO aHTJIOMOBHA JIiTEpaTypa Ta iH-
TepHeT-mKepena [1-5]. ono iHgopmanii ykpaiHCBKOIO MOBOIO, ii 30BCIM HEZOCTaTHBHO. AHaJi3 my0-
JiKalii 1mokasye, o MUTaHHAM TexHonorii 3D npyky Ha meTtani, MarepianaM Ta BIACTUBOCTSM KiH-
LEBUX BUPOOiB HE NPUAIJICHO HAJICKHOI yBary.

MeTta cTaTTi — aHaJi3 Cy4acHUX TEXHOJIOT1H METaleBOro APYyKY, X mepesar i HeJOdiKiB, MaTe-
pianiB, ramy3eii 3aCTOCYBaHHS.

46



BICHHUK ITPUA3OBCBKOI'O JEPKABHOI'O TEXHIYHOI'O YHIBEPCUTETY
2019p. Cepis: Texniuni HayKn Bun. 38
p-1SSN: 2225-6733; e-ISSN: 2519-271X

Buxkian ocHoBHOro marepiany. /s TexHosnoriii 060’€MHOTO APYKY PEeKOMEHOBaHi JjBa OCHO-
BHHX TepMminn — Additive Manufacturing (AM), Additive Fabrication (AF), a Takoxx piBHO3Ha4Hi 3a
smicrom — Additive Processes, Additive Techniques, Additive Layer Manufacturing, Freeform
Fabrication. Bci BOHH MOKYTh OyTH MEpeKIIaieHi sIK «aIuTUBHI TeXHOIOTI». CyTh aJUTHBHOTO BUPO-
OHMLTBa — B 10JlaBaHHI, a HE BiJHIMaHHi, B TAKOMY cr1oco0i CTBOpEHHsI IeTaji ckiaaaHoi (GOpMH, KOJIn
Marepiall HAHOCHTBCS MOCIITOBHO, SIK MPAaBWIIO, IIap 3a IMIapOM, TOMY BHUTPAda€ThCsl HOTO CTUIBKH,
cKkuUTbkH HeoOxinmHo. IIporecoM kepye xomm'torep, B YHii maM’sTi 3aKiajeHa TPUBUMIpHA MOJIEIb
Maii0yTHBOI IeTali, HapizaHa Ha TOHKI mwapu-nepetuny. [IpucTpii, mo nogae marepian (ekcTpyaep),
pyXaeTbcs 1O 3aJlaHUM KOMIT FOTEPOM TPAEKTOPISIX, MIap 3a MapOM KOHCTPYIOIOUM MaiOyTHiN BHpiO.
IlepenbadaeTnest, MO rOTOBa AETANb HE TOTpeOye TpamuiiitHOi MexaHidHOi 00poOku. Tak 1o aANTHB-
HE BUPOOHHUITBO — i€ [Ie OJUH CHOCiO BUTOTOBJICHHS JeTajel 1 mMpeaMeTiB 3 pi3HUX MaTepialliB mopsig
3 JUTTSIM, IPOKATKOIO, INTAMIIYBaHHSM 1 Pi3KOIO, pUCYHOK 1.

Bupo6Huui TexHonorii

TexHonorii TexHonorii )
. . AJQNTUBHI TEXHONOTII
BigHIMaHHA GOpMO3MIHEHHA
OpesepyBaHHA; 3rMHAHHA; KYBaHHA,; FDM; SLS; DMLS; SLM
TOUYIHHA; CBEPANIHHA; npoKaTKa POLYJET; INKJET
WAipyBaHHA Ta iH. WTamMNyBaHHA Ta iH. Ta iH.

Puc. 1 — Knacudikariss BHpoOHHYNX TEXHOIIOTIN

KonkypeHTHa niepeBara aJATHBHUX TEXHOJIOTIH MMOJISATae B HACTYITHOMY:

—CTBOpPEHHS CKJIaJHUX 3a ()OPMOKO KOHCTPYKIIiH, sKi Oynu O HEMOXUIIHBI 0Oe3 IMONIapoBOro BU-
pPOOHUIITBA,

— IIBHUIKICTH;

—ONTHUMI3AIlisg TOIMOIOTIT 1 3HUKEHHS Bard JI€Tali;

—€eKOHOMIYHa e(heKTUBHICTb.

AnuTuBHE BUPOOHHUITBO (akTHYHO po3uBaiocs 3 1980-x pokiB, criodaTKy 3’ sIBHIHCS JIa3epHi
TEXHOJIOTIT SIK JJISi METaNliB, Tak 1 JJIs MOdiMepiB. AJle NepIiuM BHUHAXIIHUKOM BBaxaeTbcst OTTO
J>xon MroHI, sikuid po3poOuB ycTaHoBKY B 1951 pori. [lopiieHs B umiHApi 3MINyBaBCsi HA HEBEIIUKY
BiJICTaHb 1 3BUIBHSB MPOCTIP YIS APy, SKAW 3aNIOBHIOBAIIN CBITIIOUYTIUBUM MoniMepoM. [loTim mo-
JIiMep ONPOMIHIOBAJIM CBITJIOM TaK, 1110 BiH 3aCTUTaB TUIbKYM HA MEBHIN nisHIl. HactynHuii pyx nmop-
IIHA — L€ OJWH IIap, LIe OAMH LHWKJI 3aTBEpAiHHSA... B pe3ynbrari 3 6araTboX MIapiB BUXOIMIIA
00’eMHa noiMepHa Mozeib. Lle OyB KIF0UOBHI NMPUHLUI, SIKHH JIIT B OCHOBY Cy4acHOI CTEpEOJiTOr-
padii (SL). Cepen ocHoBHUX po3poOHHKiB mux TexHosoriii — MIT i Texacwekuii yHiBepcureT (SLS;
Binder Jetting), 3D Systems (SLA), a Takoxx SLM Solutions (SLM) i EOS GmbH, sixi 3irpanu Baxiu-
By poJib B po3poOui 3D npyky metamamu. Y 1999 poi 3’aBuBcsi Arcam 3 BIacHO PO3pOOJICHOIO TeX-
HoJoriero MetasieBoro 3D nmpyky mia Ha3row Electron. Yike B 1990-X aquTHBHI TEXHOJIOTIT 3 BUKOPH-
CTaHHSIM HarpiBy JIa3epHHUM 1 €JIEKTPOHHHM TPOMEHEM Il OTPUMAaHHS METAeBUX 00’ €KTIB CTaIIU
YaCTHHOIO CBiTOBOro BUpoOHM4YOro nanmmadry. Tepmin «3D Printing» 3aBasuye KpeaTHBHOCTI CTY-
JeHTIB MacadyceTChbKOro TeXHOJIOTIYHOTO 1HCTUTYTY, AKi B 1995 poui 3anponoHyBanu Hew 3po3yMi-
JINA MOJHUM BUCIIB.
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B cepenuni 2000-x pokiB General Electric mpuenHaBscst 10 bOro Kypey i mouas 1ikaButucs 3D
MeYaTKo0 MeTanny. Bpemri-pemit Texnomnoris meraiesoro 3D nmpyky Oyna 3acTocoBaHa KOMIIaHI€O
JUTSL BATOTOBJICHHS COIUIA aBiallifHOTO JBUTYHA.

Komu moBa #ine mpo 3D npyk Meranamu, iCHye AeKiTbKa MPOBITHUX TeXHOJOTi. BoHH Bigpis-
HSIOThCA MaTepiajaMy i MEeToJaMy BUTOTOBIIECHHS AeTaneil. Po3risiHeMo BUpoOHMYMI mpoliec, mepe-
Baru Ta 001acTi BUKOPUCTAHHS JESIKUX 3 HUX.

AMeprKaHCHKHN Oi3HECMEH, BUHAXIMHUK 1 BUKIagad Ha iM’st qokTop Kapm Jlekapm po3poOus i
3anareHTyBaB TexHousoriro SLS (Selective Laser Sintering) B cepeauni 1980-x. Lle Texnika 3D npyky,
sIKa BUKOPUCTOBYE JIa3epH 3 BUCOKOIO NOTYkHicTI0 CO,. Ilepen moyaTkom IpyKy B KOMIT IOTEp 3aBaH-
TaXyeThesl TpuBUMipHa Mozaenb B STL-¢aiini. [Torim nudpoy 3D mMozaenb «po3pi3aroTh» Ha TOHKI
HIapy, TOBIIMHA KX BiIMOBiJa€ TOBIIMHI IIAPiB, 10 HAHOCATHCS IPYKAPCHKUM MPUCTPOEM. B pobo-
4y Kamepy INOAAeTbcs TOHKWH IIap TOPOIIKY B KUIBKOCTi, HEOOXiAHIM A TMEpIIoro Imapy
(~100 mxm). Matepian y BUIIISII TOPOIIKY HAHOCUTBCS HA PyXOMy poOouy miathopmy, sKa mepemi-
IIYETHCS TI0 OCi Z, pucyHOK 2. CrierialbHui BaJIMK PO3PIBHIOE MOJAaHUH MOPOIIOK 1 BUAAIISE 3aiBHIA
Marepiai 3 Kamepu, micis 4oro jaszep (motyxkHicts 25-100 Br, tpuBanicts immynscy 0,5-25 Mmc) cmi-
Ka€ YaCTKH MOPOIIKY MiX COOOI0 i 3 TonepeaHiM mapom npu Temnepatypi 6museko 1600°C 3rimHO
KOHTYpaM 3a 3a/IaHOr0 ITU(POoBOI0 MoaesuTo. [I0TiM mpoIiec MOBTOPIOETHCS: BAMK MOAA€E CBIKHAN T10-
POIIIOK 1 J1a3ep crikae HacTymHui 1ap. B Texnomorii DMLS Hemae He0OXiqHOCTI TOOYIOBH OIOP ISt
eJIEMEHTIB KOHCTPYKILii. HeBUKOpuCTaHUil MOPOIIOK HE BUAASIETHCS MMiJ] 4ac APYKY, a 3aJTUIIAETHCS B
poOodiii Kamepi, CTBOPIOIOYH IS KO’KHOTO HOBOTO IIapy OMOpPHY MoBepxHIO. Kpim Toro, HEBUTpade-
HUI MaTtepiai Moxe OyTu 3i0panuii 3 poOouoi KaMepH Miciisl 3aBepIICHHS APYKY 1 BUKOPUCTaHUH 3a-
HOBO. SLS BHpOOHHIITBO MOXKHA BBakaTh (pakTHUHO O€3BiIXOIHUM, IO BaXKJIWBO MPH BUKOPUCTAHHI
JIOPOTUX MaTepiajiB, HAPHUKIIA], TOPOTOIIHHAX METAIIB.

____
1

5

B

A

Puc. 2 — Cxema SLS TexHoJorii: 1 — na3epHa cucrema; 2 — cKaHep; 3 — CUCTeMa Tojadi
MOPOIIKY; 4 — MOPIIeHb sl TI0jadi MOPOIIKY; 5 — pOInK; 6 — rabapuTHUI TOPIIEHB; 7 —
BUTOTOBJICHHS TIOPOIIKOBOT'O IIapy; 8 — MpOIeC BUTOTOBJICHHS 00’ €KTY (IHB. 30ibIICHE
300pakeHHs); A — HampsM JIa3epHOTO CKaHyBaHHS, B — cliedeHi YacTHMHKH IMOPOIIKY
(«xopuuneBuii cran»); C — na3epHuil npoMinb; D — na3epHe cnikanus; E — HecrieueHuit
MOPOIIKOBUH mmIap («3eleHuid cTan»); F — HecneueHuid MaTepian y MONEpEAHiX IIapax.
3eneHUi Ta KOPUYHEBHMI CTaHU BiOOPaKAIOTh «CTUIIIICTH» TOTOBOI JCTasl: 3€JCHHMA —
«He3pinuit» (HeceyeHn i MOpPOIIOK), KOPUIHEBUH — «CTHIIIMID (Maiike roTOBHA BUPiO)

Bgeas

SLS BupoOmsie MOBroBiuHi JeTali 3 BHCOKOK TOYHICTIO i MOXE BHKOPHUCTOBYBATH HMIMPOKWH
cniekTp MatepianiB. Lle JockoHana TEXHOJOTIS /Ui MOBHOQYHKIIIOHATBHUX JIeTallell Ta TPOTOTUIIB
KIHIIEBOTO BUKOpHCTaHHA. SLS mocuth cxoxuii Ha TexHonoriro SLA 3a mBuakictio ta gxictio. OcHo-
BHA BiIMIHHICTb IOJISITA€ B MaTepianax, OCKUIbKH y SLS BUKOPHCTOBYIOTBCS MOPOIIKONOAIOH] peyo-
BUHHM, TOJI sIK SLA BUKOPHCTOBYIOTH pifiki cMoni. CaMe IUpOKe po3MaiTTs JIOCTYITHUX MaTepialiB
poouTh TexHoNOTII0 SLA Takoro NOMyJIsIpHOIO AJIS IPYKY Ha 3aMOBIIEH] 00’ €KTH.
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Haykoui 3 Himeuurau po3poOuin 1Bi CX0%Ki TEXHOJOTI:

1) DMLS (Direct Metal Laser Sintering) — npsime MeTasieBe Ja3epHe CIiKaHHS, 3alPOIIOHOBAHO

komaniero EOS;

2) SLM (Selective Laser Melting) — CenexTrBHe nasepue crmikanus, kommadis SLM Solutions.

Kommnanis SLM neGrotyBana B 1995 porii. Bona Oyna yacTHHOO HIMEIBKOTO JIOCIITHUIIBKOTO
npoekty B [HcTuTyTi @payrrodepa ILT, po3ramoanomy B Micti Aaxen. Sk i SLA, SLM Takox Bu-
KOPHCTOBYE TOTYXHHI JTa3epHUi mpoMine mist ¢hopmyBanaa 3D peraneii. Ilix gac mpomecy npyky
Ja3epHU MPOMiHb IUIaBUTH Ta CIUIABIISE Pi3HI MeTaneBi MOPOLKH pa3oM. Haltnpocrimmuii crioci6 nor-
JISTHYTH Ha 1€ — po30UTH OCHOBHUH MPOLEC TAKUM YHHOM:

ITopomkomoniOHM MaTepiad + TEIIO + TOYHICTH + MIapyBaTa CTpyKTypa = imeambHuit 3D
00’€KT.

Konu nazepHuii mpoMiHb MOTpaIJisie B TOHKHN LIap Marepiany, BiH BUOIPKOBO 3’€HYy€E, a0 3Ba-
pro€ 9acTUHKHU pa3oM. [Ticiist TOBHOTO IUKITY IPYKY IPHHTEP 0a€ HOBHH IIap )KUBIICHHS MaTepiary 10
nortepeqHporo. [1oTiM 00’ €KT 3MIMTYEThCS HA TOYHY KUTBKICTH TOBIIMHHU OgHOTO Imapy. Komm mporec
JIPYKY 3aBEPIIICHO, HEBUKOPUCTAHUI MOPOIIOK BUIAIAEThCS 3 00’ €kTa. OcHOBHA BiaMiHHICTE SLM Bin
SLS momnsrae B Tomy, mo SLM MOBHICTIO TIAaBUTH MOPOIIOK, ToAl Sk SLS crikae fioro. B3arani kiHmeBi
MIPOAYKTH 3a TeXHoImoriero SLM, sk mpaBuito, MiIHIII, OCKIJIFKH B HUX MEHIIIe TIOPOXKHUH, abo ix 30-
BciM Hemae. [lopucTicTh — oiuH 13 cyTTeBUX HeAomikiB 3D BupoOiB [6-8]. MikpOCKOMiUHI OTBOPH 3HU-
JKYIOTh 3arajibHy IIUTBHICTB JIETali i MOXYTh MPHU3BECTU IO TPIIIMH i BTOMHOTO pyiHyBaHHA. [lopuc-
TICTh MOXKe OyTH BHKJIMKaHa caMuM TiporiecoM 3D npyky, abo HaBIiTh MMOPOIITKOM, [0 BUKOPUCTOBYETh-
cs. [lig yac mporecy po3MUICHHS MTOPOIIKY BCEPEIUHI TTOPOLIKOBOI CHPOBHHU MOXYTh YTBOPIOBATHCS
ra30Bi «KHUIICHI», SIKi MOTIM OyAyTh MepeHeceHi Ha KiHueBHid BupiO. YacTilie mopu MOXKyTh BUHHUKATH
BCEpENHI YaCTHHU depe3 cam mporiec 3D apyky. SKImo moTyXHiCTh Jlazepa € HeJOCTaTHROK, METaJleBi
YaCTUHKH MOXKYTh HE IUIaBUTHCH HAJISKHUM YMHOM. HaBmaku, KONM BUKOPUCTOBYETHCS HAIMIpHO Be-
JIMKa KiJIbKICTh CHEPTii, BAHUKAE SBUILE, IIPU SKOMY PO3IUIABICHUH MeTall BUIIITae 3 OaceiiHy po3IuiaBy
B cycimHi nutstHKH. [loprcTicTs Moxke OyTH 3HIDKEHA (BIAIIOBIIHO, MIUTFHICTD JeTaNi MiJBHUIIEHA) 32 J0-
MIOMOTOI0 METOJIMKH «OCTPIBHOTO CKAaHyBaHHS JIa3epOM, a IPU CEJICKTHBHOMY JIA3epPHOMY IUIaBJICHHI
(SLM) mmst 3MEHIIIEHHST BUKUIY OpH30K MOYKHA 3MiHIOBaTH (opMy Jsasepa [9]. B okpeMux BHMmaaxax
JIpYyKOBaHUH BUpiO moTpedye M0JaTKOBOI TepMIiYHOI OOPOOKH IUTsl 3HATTS BHYTPIIIHIX HAMpYT, TIPH BH-
TOTOBJICHHI MaCIITa0HUX JeTalell BHHUKAE MTPodIemMa KOpOOIeHHs.

B SLM- texHonorii nodynoBa mapy BKJIIOYa€ HACTYIIHI Oneparii:

—MeTaJIeBHiA IOPOIIOK HAHOCUTHCS Ha TUIMTY TTOOYIOBH, sIKa 3aKpiluieHa Ha matdopmi;

—Ja3epHHi POMiHb CKaHY€e TIEPETHH 11apy BUPOOY;

—1u1aTopMa OMYCKAETHCS B KOJIOMSA3b MOOYI0BH Ha TIHOUHY, 10 30iraeThCst 3 TOBHIMHOIO Ia-
py-

[ToOyyBaHHSI BUKOHYETHCS B Kamepi SLM-Mammmny, sika 3a1i0BHEHA iHEPTHUM Ta30M (aproHoM
a00 a3oTom). OcHOBHHIA OOCST Ta3y BUTPAYa€ETHCS HA MOYATKOBOMY €Talll, KOJIU HIISIXOM HPOIYBKH 3
KaMepu TOoOYZOBH BHOANSETbCs Bee moBiTps. [1o 3aBepiieHHi mporecy moOyaoBH AETanb pa3oM 3
IUTMTO BUHMAIOTh 3 KaMepu HopoiikoBoro 3D mpuHTepa, BiIAUIAIOTE BiJl TUIUTH, BUIAISIOTH ITijIT-
PUMKH 1 BUKOHYIOTH (piHAIEHY 00pOOKY BHpOOY, puc. 3.

SLM TexHoJorisl Mae Cepiio3HI MEPCIEKTUBYU IS MiJABUILCHHS ¢()EKTUBHOCTI BUPOOHHUIITBA B
0araTboX Ta;y3sx MPOMHCIOBOCTI, ockinbku [10, 11]:

—3a0e3meuye BUCOKY TOYHICTD 1 TOBTOPIOBAHICTB;

—MeXaHI9HI XapaKTepUCTHKN BHPOOiB, HAJJPYKOBAHUX Ha I[boMy TuIi 3D npuHTepa, MOXKHA I10-
PIBHSATH 3 TAKMMH TTICIISI JTUTTS;

—BHpILye CKJIAZAHI TEXHOJOTYHI 3aBIaHHs, MOB’S3aHi 3 BUTOTOBJICHHSIM I'€OMETPUYHO CKIIAM-
HUX BHPOOiB;

—JI03BOJISIE 3MEHIIIMTH MAaCy 3a paXyHOK TOOYIOBH 00’ €KTIB 3 BHYTPIITHIMH OPOXKHUHAMHU;

—EKOHOMUTD Matepiai Mpyu BUPOOHHIITBI.

st metaneBoro DMLS/SLM nipuHTyBaHHS BAKOPUCTOBYIOTBCSI HACTYITHI MaTepiaiu:

—CmuaB amoMiniro AlSi7Mg0,6: amominiii (90%), kpemniit (7%) 1 marniit (0,6%);

—Hepxkagiroua cramp 316L: 3amizo (66-70%), xpom (16-18%), nikens (11-14%), moniOnen
(2-3%);

—CmnaB tutany 6Al1-4V: tutan (88-90%), amominiii (5,5-6,5%), Bananiii (3,5-4,5%).
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Puc. 3 — Cxema nobGynyBanHsi BUpoOy B ycraHoBkax SLM Solutions

AepoKocMivyHa Ta KOCMidHA Taly3i € OZHMMH 3 mepiuux OeHediniapiB AM TtexHomoriit (10
20%). 3amyactuan SLM BUKOPUCTOBYIOTBCS LIS IHCTPYMEHTAIBHOrO 00JIaIHAHHS, IeTalleil IBUTyHa,
TaKHX SK POTOPH Ta KPWUIIBYATKH, KAHAIM OXOJIOKEHHS TOI0. ABTOMOO1TEHA TPOMHUCIIOBICTh TTOTpPE-
oye 16% BupoOiB, CTBOPEHHUX 32 AM TEXHOJIOTISIMHU.

OpnHa i3 CUIIBHUX CTOPIH aJUTHBHOTO BUPOOHUIITBA — LITYYHE BUTOTOBICHHS BUPOOY OYyIb-IKOT
thopmu. CpOTo/IHI BUTOTOBIICHI Ta YCIIIIITHO BUMIPOOYBaHi CepIeBi KJIaNaH!, TYYHI IIEIeNH, YaCTHHU
KOJIIHHOTO CyTJI00a, iIMIUIAaHTaTH Yeperna, TKAaHUHH 1 OpraHy 3 KIIITHH JIIOJUHU. J[Ba MpoBiTHIX BUPOO-
HHUKa CIyXOBHX amaparti, Siemens i Phonak, 3acTocoBYIOTh aUTHBHI TEXHOJIOTI] ISl BUTOTOBJICHHS
IHIMBITyaTbHUX TIPUCTPOIB, TOYHO BiAMOBIJHMX 10 ByXa MamieHTa. Tak 10 MeIUIMHA — BEJIMKE MOJIe
JUISL aINTHBHOTO BUPOOHMIITBA, HA YaCTKy MEIUIIMHH, CTOMATOJIOTIi Ta (hapmakosorii npumnanae 12%
AM BHpPOOIB.

3a nanumu Wohlers Associates [12] nporHosu Ha 2020 pik ctaHOBISITH 15,8 Minbsipia gonapiB
JUTSL BCIX TIPOJIYKTIB Ta mociyr AM B yCchOMY CBITi.

BucHoeku
[limBoastum MiICyMOK, MOKHA BIJ3HAYHTH, 110 B poOOTI po3risHyTi TexHonorii 3D apyky mera-
JlaMH, MaTepiaiy, iX nepesaru Ta Heposikd. CrnenngiyHi XapakTepUCTUKH BUPOOIB 1 IIUPOKUH CHIEKTP
3aCTOCYBaHb J03BOJISIOTh BICBHEHO CKa3aTH, 10 aJUTHBHI TEXHOJIOT1] HEOMIHHO 3MIHATh LIJIi BUPO-
OHMLTBA B PI3HUX Tany3sax B IOCSKHOMY MaiOyTHboMy. /1 KoMIaHil, a TaKoX KpaiH 0co0JIMBO Ba-
JJIMBO TepeA0aunuTH Ta aJanTyBaTUCh 10 MOTOYHOI po3poOku TexHojorid 3D npuHTyBaHHs, 1100
VHUKHYTH BTPaTH iX PHHKOBOT'O CTAHOBHIIIA.

IlepeJiik BUKOPUCTAHUX JIZKEpPeJI:

1. Metal 3D Printing Materials using Direct Metal Laser Sintering (DMLS) technology [Enexrpon-
Huii pecypc] : [Beb-caiit]. — EnexrponHi aaHi. — Pexxum moctymy: www.sculpteo.com. — Hassa 3
eKpaHa.

2. Systems and Solutions for Metal Additive Manufacturing [Enextponnuii pecypc] : [Beb-caiit]. —
EnexTponHi aaHi. — Pexxum moctymy: Www.eos.info. — Ha3sa 3 expana.

3. 7 Issues to Look Out for in Metal 3D Printing [Enextponnuii pecypc] : [Be6-caiit]. — EnextponHi
naHi. — Pexxum poctymy: www.engineering.com/3DPrinting. — Ha3pa 3 expana.

4. AlI3DP World’s #1 3D Printing Magazine STL — File Format for 3D Printing — Simply Explained
[Enextponnuii pecypc] : [Beb-caiir]. — Enexkrponni mani. — Pexxum noctymy: www.all3dp.com/
what-is-stl-file-format-extension-3d-printing. — Ha3Ba 3 ekpaHa.

50


https://www.sculpteo.com/
https://www.engineering.com/3DPrinting/

BICHUK INTPUA3OBCBKOI'O JEP)KABHOI'O TEXHIYHOI'O YHIBEPCUTETY

2019p. Cepis: Texniuni HayKn Bun. 38

10.

11.

12.

10.

p-1SSN: 2225-6733; e-ISSN: 2519-271X

Yro takoe manueie CAIIP (CAD) [Enexrponnuit pecypc] : [Be6-caitr]. — Enextponni mami. —
Pexxum moctymy: Www.pro.arcgis.com/ru/pro-app/help/data/cad/what-is-cad-data.htm. — Haspa 3
€KpaHa.

Buchanan C. Metal 3D printing in construction: A review of methods, research, applications, op-
portunities and challenges / C. Buchanan, L. Gardner // Engineering Structures. — 2019. —
Vol. 180. — Pp. 332-338. — Mode of access: DOI: 10.1016/j.engstruct.2018.11.045.

The effect of porosity on the mechanical property of metal-bonded diamond grinding wheel fabri-
cated by selective laser melting (SLM) / Chenchen Tian [et al.] // Materials Science and Engineer-
ing. — 2019. — Vol. 743. — Pp. 697-706. — Mode of access: DOI: 10.1016/j.msea.2018.11.138.

Main defects observed in aluminum alloy parts produced by SLM: From causes to consequences /
Galy Cassiopée [et al.] // Additive Manufacturing. — 2018. — Vol. 22. — Pp. 165-175. — Mode of
access: DOI: 10.1016/j.addma.2018.05.005.

Influence of SLM process parameters on the surface finish, porosity rate and fatigue behavior of
as-built Inconel 625 parts / Koutiri Imade [et al.] // Journal of Materials Processing Technology. —
2018. — Vol. 255. — Pp. 536-546. — Mode of access: DOI: 10.1016/j.jmatprotec.2017.12.043.
Effect of selective laser melting (SLM) process parameters on microstructure and mechanical
properties of 316L austenitic stainless steel / E. Liverani [et al.] // Journal of Materials Processing
Technology. — 2017. — Vol. 249. — Pp. 255-263. — Mode of access: DOI: 10.1016/10.1016/
j.jmatprotec.2017.05.042.

Additive manufacturing: scientific and technological challenges, market uptake and opportunities /
A. M. T. Syed [et al.] // Materials today. — 2017. — Vol. 1. — Pp. 1-16. — Mode of access:
DOI: 10.1016/j.mattod.2017.07.001.

Wohlers Report 2019 [Enexrponnuii pecypc] : [Be6-caiir]. — Enexrponni gani. — Pexxum mocty-
my: www.wohlersassociates.com/2019report.htm. — Ha3ga 3 ekpana.

References:
Metal 3D Printing Materials using Direct Metal Laser Sintering (DMLS) technology Available at:
www.sculpteo.com (accessed 15 January 2019).
Systems and Solutions for Metal Additive Manufacturing Available at: www.eos.info (accessed
05 December 2018).
7 lIssues to Look Out for in Metal 3D Printing Available at: www.engineering.com/3DPrinting
(accessed 18 January 2019).
AlI3DP World’s #1 3D Printing Magazine STL — File Format for 3D Printing — Simply Explained
Available at: www.all3dp.com/what-is-stl-file-format-extension-3d-printing (accessed 01 Febru-
ary 2019).
What is it CAD data Available at: www.pro.arcgis.com/ru/pro-app/help/data/cad/what-is-cad-
data.htm (accessed 20 January 2019).
Buchanan C., Gardner L. Metal 3D printing in construction: A review of methods, research, appli-
cations, opportunities and challenges. Engineering Structures, 2019, vol. 180, pp. 332-338.
doi: 10.1016/j.engstruct.2018.11.045.
Chenchen Tian, Xuekun Li, Hanyang Li, Guogiang Guo, Liping Wang, Yiming Rong. The effect
of porosity on the mechanical property of metal-bonded diamond grinding wheel fabricated by se-
lective laser melting (SLM). Materials Science and Engineering, 2019, vol. 743, pp. 697-706.
doi: 10.1016/j.msea.2018.11.138.
Galy Cassiopée , Le Guen Emilie, Lacoste Eric, Arvieu Corinne. Main defects observed in alumi-
num alloy parts produced by SLM: From causes to consequences. Additive Manufacturing, 2018,
vol. 22, pp. 165-175. doi: 10.1016/j.addma.2018.05.005.
Koutiri Imade, Pessard Etienne, Peyre Patrice, Amlou Ouafae, De Terris Thibaut. Influence of
SLM process parameters on the surface finish, porosity rate and fatigue behavior of as-built In-
conel 625 parts. Journal of Materials Processing Technology, 2018, Vol. 255, pp. 536-546.
doi: 10.1016/j.jmatprotec.2017.12.043.
Liverani E., Toschi S., Ceschini L., Fortunato A. Effect of selective laser melting (SLM) process
parameters on microstructure and mechanical properties of 316L austenitic stainless steel. Journal
of Materials Processing Technology, 2017, vol. 249, pp. 255-263. doi: 10.1016/j.jmatprotec.
2017.05.042.

51


https://pro.arcgis.com/ru/pro-app/help/data/cad/what-is-cad-data.htm
https://www.sciencedirect.com/science/article/pii/S0141029618307958#!
https://www.sciencedirect.com/science/article/pii/S0141029618307958#!
https://www.sciencedirect.com/science/article/pii/S0141029618307958#!
https://www.sciencedirect.com/science/article/pii/S0921509318316666
https://www.sciencedirect.com/science/article/pii/S0921509318316666
https://www.sciencedirect.com/science/journal/09215093
https://www.sciencedirect.com/science/journal/09215093
https://www.sciencedirect.com/science/article/pii/S2214860417303226
https://www.sciencedirect.com/science/article/pii/S2214860417303226#!
https://www.sciencedirect.com/science/journal/22148604
https://www.sciencedirect.com/science/article/pii/S0924013617306349
https://www.sciencedirect.com/science/article/pii/S0924013617306349
https://www.sciencedirect.com/science/journal/09240136
https://www.sciencedirect.com/science/article/pii/S0924013617302169
https://www.sciencedirect.com/science/article/pii/S0924013617302169
https://www.sciencedirect.com/science/journal/09240136
https://www.sciencedirect.com/science/journal/09240136
https://wohlersassociates.com/2019
https://www.sculpteo.com/
https://www.engineering.com/3DPrinting/
https://all3dp.com/what-is-stl-file-format-extension-3d-printing/
https://pro.arcgis.com/ru/pro-app/help/data/cad/what-is-cad-data.htm
https://pro.arcgis.com/ru/pro-app/help/data/cad/what-is-cad-data.htm
https://www.sciencedirect.com/science/article/pii/S0141029618307958#!
https://www.sciencedirect.com/science/article/pii/S0141029618307958#!
https://www.sciencedirect.com/science/article/pii/S0921509318316666
https://www.sciencedirect.com/science/article/pii/S0921509318316666
https://www.sciencedirect.com/science/article/pii/S0921509318316666
https://www.sciencedirect.com/science/journal/09215093
https://www.sciencedirect.com/science/article/pii/S2214860417303226#!
https://www.sciencedirect.com/science/article/pii/S2214860417303226#!
https://www.sciencedirect.com/science/article/pii/S2214860417303226#!
https://www.sciencedirect.com/science/article/pii/S2214860417303226#!
https://www.sciencedirect.com/science/article/pii/S2214860417303226#!
https://www.sciencedirect.com/science/article/pii/S2214860417303226
https://www.sciencedirect.com/science/journal/22148604
https://www.sciencedirect.com/science/article/pii/S0924013617306349
https://www.sciencedirect.com/science/article/pii/S0924013617306349
https://www.sciencedirect.com/science/article/pii/S0924013617306349
https://www.sciencedirect.com/science/journal/09240136
https://www.sciencedirect.com/science/article/pii/S0924013617302169
https://www.sciencedirect.com/science/article/pii/S0924013617302169
https://www.sciencedirect.com/science/journal/09240136
https://www.sciencedirect.com/science/journal/09240136

BICHHUK ITPUA3OBCBKOI'O JEPKABHOI'O TEXHIYHOI'O YHIBEPCUTETY
2019p. Cepis: Texniuni HayKn Bun. 38
p-1SSN: 2225-6733; e-ISSN: 2519-271X

11. Syed A.M.T., Elias P.K., Amit B., Susmita B., Lisa O., Charitidis C. Additive manufacturing: sci-
entific and technological challenges, market uptake and opportunities. Materials today, 2017,
Vol. 1, pp. 1-16. doi: 10.1016/j.mattod.2017.07.001.

12. Wohlers Report 2019 Available at: www.wohlersassociates.com/2019 report.htm (accessed
08 February 2019).

Penensent: B.I'. €ppemenko

II-p TexH. HayK, npod., IBH3 «I1ATY»
Crarrsa Hamiinuia 28.02.2019

52


https://wohlersassociates.com/2019

