AHOTAIIA

Aoorcamcoruit C. B. CUHTE3 KOHCTPYKTOPCHKO-TEXHOJIOTTYHUX PIIIECHb IS
BUTOTOBJICHHS JIeTallel PAaKeTHO-KOCMIYHOI TEXHIKM 13 3aCTOCYBaHHSIM
BUOIPKOBOTO JlazepHOro mmiaBiieHHs. — KgamidikamiiiHa HaykoBa mpaus Ha
MpaBax PyKOIUCY.

Jucepraliist Ha 3100yTTsI HAYKOBOTO CTyneHs JokTopa (inocodii PhD 3a

crnenianbHicTIO 134 — «ABiamiiHa Ta paKeTHO-KOCMIYHA TEXHIKa». —
JIHinpoBchbKkUid HalloHaIbHUM yHiBepcuteT iMeHl Omnecst ['onuapa. — [[Hinpo,
2021.

JucepraliitHy poO0Ty OpUCBAYEHO PO3POOII TEXHOIOTIYHUX MapaMeTPiB
JeTane 13 3a0e3MeUYeHHSM IEBHHMX SKICHUX ITOKa3HUKIB [JI1 BUPOOHHUIITBA
aBlaIllifHOT Ta PAKETHO-KOCMIYHOI TEXHIKM 3a TEXHOJOTI€E0 BHOIPKOBOIO
na3zepHoro miasiaeHHs (BJIIT).

CyyacHa pakeTo-KOCMIYHA TEXHIKa TpoHIIa 3HAYHMN  [IIAX
TEXHOJIOTIYHOI ~ €BOJIIOLII, = BHUKOPUCTOBYE  HAWMPOrPECUBHINI  METOIU
MPOEKTYBAaHHS, KOHCTPYIOBAaHHS Ta BUPOOHHUITBA. 3aBASKH 3aCTOCYBAHHIO
BEJIUKOT KITbKOCTI CKJIAJTHUX MPOIECIB 1 MPUHITUIIIB B110YBAETHCS MPOAYKYBaHHS
JeTajgel By3JIiB Ta arperartiB, SIKl 34aTHI MPAIlOBaTH HA MEXKaX MOXKIMBOCTEH
KOHCTPYKIIIM 1 BUKOPUCTAHUX MaTepiaiB.

OnHiel0 3 KIIOYOBUX MpoOJeM BHUPOOHHUIITBA PAKETO-KOCMIYHUX
mitanpHux anapatiB (PKJIA) € HeoOXigHICTH 3aCTOCYBaHHS IUJIOT HU3KHU
CKJIJIHUX  TEXHOJOTIYHUX  MPOIECIB,  YHIKAIBHOTO  BHUPOOHUYOrO 1
BUNpOOyBanbHOrOo oOsnanHanHs. KpiM Toro, ramy3p moTpeOye BiJMOBIIHOTO
BHCOKOKBaIi(h)iKOBAHOT'O IEPCOHATY. Y TPUMaHHSA Ta PO3BUTOK JIaHOTO HAMPAMKY
3YMOBIIIO€ BEJIMKI BUTPATH, 1, SIK HACIIJIOK, — JOCTaTHHO BUCOKY BapTICTh

KOCMIYHUX MICIH.



OcTaHHIM 4YacoM BHUHHUKIO KUIbKa HaNpsIMKIB PO3BUTKY HOBITHIX
TEXHOJIOT1H, 110 JI03BOJISIE 3HAYHO 3MEHIIUTH BUTPATH 1 TEPMIHU BUPOOHHUIITBA
PaKETO-KOCMIYHOI TE€XHIKH, CIIPOCTUTH BUTOTOBJICHHS HAWCKJIAIHIIIMX CUCTEM
pPaKeTU-HOCIS: MHEBMO-TIAPABIIYHOI CUCTEMH, KaMepH 3ropaHHs, TypOoHacocy
Ta iHmUX. OJHUM 3 aKTyaJlbHUX HaIlpsSMKIB € BUKOPUCTAHHS AJUTHUBHUX
TEXHOJIOT1i, a came 3D-npyKy MeTaneBux JieTaleu.

KintouoBoro texHomoriio 3D-ApyKy BUCOKOSKICHUX CKJIAJHUX BUPOOIB 13
KAPOCTIMKUX Ta KOJIBOPOBHUX CIUIABIB € MPOIEC «BUOIPKOBOrO JA3€PHOIO
mnaBieHHs» (Powder Bed Fusion, Selective Laser Melting). Texunosoris
nependavyae JOKaJbHE TIOIIAPOBE IUIABJICHHS METAJIEBOTO TIMOPOIIKY B
repMETUYHINA KaMmepi, 3alOBHEH1M 1HEPTHUM ra30M, 13 BMICTOM KHCHIO MeHie 0,1
BigcoTka. J[»kepermoM eHeprii € BOJOKOHHI 1TepOi€B1 Jlazepd 3 BHCOKOIO
CTaOUIBHICTIO BUIPOMIiHIOBaHHS, noTyxHicTio Big 100 o 1000 BT, ontuyHo
chokycoBani B My aiametrpoMm 50-300 mxm. ['eomMeTpruyHi 30HU CIIaBICHHS
(dbopmyI0ThCs 3a 3a37ajerib MiAr0TOBICHOK MPOrpamMor0, OTPUMAHOIO UISIXOM
MPOrPaMHO-MAaTEMaTUYHOTO TMOIIAPOBOTO Hapi3aHHA Mojell Ta (HOpMyBaHHS
TPAEKTOPINA PyXy Ja3epHOrO MPOMEHSI.

Jns inrerpartii TexHosorii BJIIT y TexHOMOTr14HI NpolieCH BUTOTOBIICHHS
PKJIA Heo0X11HO BUKOPUCTOBYBATH BUCOKOTEXHOJIOTTYHI CIIE€LialIbHI CIIJIABU Ta
BIAMpAIbOBYBATU MJIsi HUX mnapameTpu 3D-apyky. 3BakarouM Ha TEBHI
OOMEXEHHSI Y MIXKHApOJJHOMY 3aKOHOJABCTBI CTOCOBHO OOpaHOi TEXHOJOTIi Ta
B1ICYTHICTh HEOOX1THUX (YHKIIIN Y CTaHJapTHOMY OOJaAHaHHI1, JJIsl OpraHizaiii
JOCJIITHO-MIPAKTUYHOI YaCTUHU POOOTH OYJIO CIPOEKTOBAHO 1 BUTOTOBJIEHO
eKcrepuMeHTanbHy ycTaHoBKy Alfa-150D.

OO6nagHaHHSA CTBOpPEHE TAKUM YMHOM, 100 3a0€3MEYUTH FepPMETUYHICTD
ycepeauHl KamepHu mija yac noOyaoBu aetani. HeoOxiqHa KOHIIEHTpallisl KUCHIO
3a0€3MeuyeThCs HOTO0 BUTICHEHHSAM OLIbII BAXXKUM 1HEPTHUM T'a30M aprOHOM.
[HepTHUII Ta3 momaBaBcs 10 KaMmepH MOPILIAHO 1 KOHTPOJIIOBABCS CUCTEMOIO

KCPyYBaHHA 3a JOIIOMOIO0 BHCOKOTOYHHX I[aT‘-II/IKiB. Cucrema IIoIIapoBoOro



HAaHECEHHSl TMOPOIIKY CKOHCTpyMOBaHa TaKUM UHMHOM, W00 3a0e3neduTH
PIBHOMIpHE NEPEKPUTTS 11apiB TOBIHHOIO 20—400 MKM 3 TOUHICTIO HE MEHIIIE 2
MkM. I1ig yac npyky mnatdopma 3 JeTajuio, MO JAPYKYEThCS, OMYCKAIOTHCA 10
OyHkepa noOOyJOBH, SIKMI IOCTYMOBO 3alOBHIOEThCS MopomkoM. Cucrema
KepyBaHHS CKJIQJIEThCS 3 IBOX MIJCUCTEM: IMepllia Kepye JIa3epoM Ta CUCTEMOIO
CKaHYBaHHS, 1HIIIA BIJMOBIJIA€ 32 MEPEMIIICHHS BY3JIiB Ta NIATPUMAHHS 3a1aHOTO
CepeloBUIIA.

JIns TpOEKTYBaHHS ONTHYHOI CHUCTEMH Ta CHUCTEMH MO3UIIIOBAHHS
npomeHs OyJi0 3MOJIeTbOBAHO Ta BUTOTOBJICHO JBa BapiaHTU ONTUYHUX CHUCTEM,
a TaKOX pO3B’s3aHl 3aJadl MIATPUMAHHS HEOOXIJIHOI amepTypu Ja3epHOro
MPOMEHS MO BCIA MOBEPXHI MOOYTOBU HUIIXOM BHCOKOIIBUJIKICHOI KOPEKIIil
¢dbokycHoi BifacTani. [y ofHi€l 3 00OpaHUX CXEM IiJl Yac AOCTIKEHHS OyJo
po3pobisieHO (opMylly Ta CTBOPEHO MOJEIb KoMIeHcalli (OKycHOi BiAcCTaH1
B1JHOCHO TTOJI0’KEHHSI Ha TIaTopmi.

s popmyBaHHS CTaOUTBHOTO CEPE/IOBUILA B 30H1 JIPYKY 3MOJEIHOBAHO
reOMETpil0 KaMepu, COIeJl BXIIHOTO Ta BHXIJHOTO TIOTOKIB Ta3zy, ix
po3rairyBanHs. lle Aano MOXIIMBICTh BU3HAYUTH ONTHUMAIIbHY Ta30AMHAMIUHY
MOJIEIb PO3MOALTY MOTOKIB, Kl 3a0€3Meuniii cTablIbHY MIBUAKICTh PYXy ra3y
napaienbHo 1aaTtdopmi noOyaoBu. Byno onepkaHo pIBHOMIPHY MIBUIKICTh
OXOJIO/PKEHHSI MO BCIM MUIOHMHI Yy 30H1 (OpPMYyBaHHS BaHHHM pO3IUIaBY Ta
CTBOPEHO YMOBH JIJIsl BUJATIEHHS TPOAYKTIB 3TOPSIHHSA, SIK1 YTBOPIOIOTHCS I1]1 4ac
MJIABJICHHS TTOPOUIKY.

[Tin vac pobotu 3D-npuHTEepa HEOOXITHO YITKO BH3HAYaTH HEOOXITHY
KUIbKICTh TOPOIIKY TaKUM YUHOM, 11100, 3 OJHOro OOKy, 3a0e3me4uTH HOoro
JOCTAaTHIO KUIBKICTh JUJIsl YTBOPEHHS KOKHOTO HACTYIHOTO IIapy, 3 1HIIOrO, —
3ano0irtu nepeButparti. Jyis BUKOHAHHS 111€1 3a/1a4ul OyJI0 BU3HAYEHO AJITOPUTM
PO3MOLTY MOPOUIKY BIJHOCHO IUIOIIMHM IIapy, IO JAPYKYETHCS, MOJOXKEHHS
JeTanl Ha miatgopmi, MBUAKOCTI PYXy J103YHOYOr0 MPUCTPOIO TA IHIIUX YMOB.

[IpoBeneHO  eKCIiepUMEHTaNbHI  JOCHIIPKEHHS, 3a pe3yJbTaTaMu  SKUX



3alpoONOHOBaHO (GOpMYJNly Ta PO3pOOJIEHO METOAMKY OOYMCIEHHS pOOOUYUX
napaMeTpiB, OTPUMaHI ONTUMAaJbHI JaHl MO PeXXUMaxX J03yBaHHS Ta MIBUJKOCTI
HaHECEHHS MaTepialliB )KapOMII[HOTO HIKEIb-XPOMOBOIO CIIABY 1 TUTAHY.

OcHOBHOIO MeTOI0 pobOoTH Oyia po3poOKka METOJAMKA BH3HAYCHHS
TEXHOJIOTIYHUX PEKUMIB BHUTOTOBJICHHS JeTalle aBlalliiHOI Ta KOCMIYHOI
TexHiku 3a TexHonoriio BJII 13 x&apoCTIHKOro HIKEIb-XpOMOBOIO CIUIaBY
Inconel 718. Ilpu upomy fKICTh aeTaneil, 3a (PI3UKO-MEXaHIYHUMH Ta THIIUMHU
BJIACTUBOCTSIMU HE TMOBMHHA OyTH TIpPIIOI0 3a BIACTUBOCTI MaTepialis,
oJiepKaHuX JUTTAM. KpiM Toro, miiapHICTh MaTepialy MOBUHHA OyTH OUIBIIO0
32 99%, XIMIYHUH CKJIaJ Ta OJTHOPIAHICTh MaTepially MaJld BiIMOB1AATH BUMOTaM
oOpaHoro cmiaBy. BignoBigHo a0 1i€i 3aga4i, Oya0 3aIPOMIOHOBAHO METOJIUKY
BIIMPAIIOBAaHHS TEXHOJIOTTUHHUX MapaMmeTpiB 3D-apyKy, 10 CKIaaeThes 3 TPhOX
€TaIliB: BU3HAYEHHS MapameTpiB (POopMyBaHHS OAMHUYHUX TPEKiB, POPMYBaHHS
OIMHUYHOTO IIapy Ta BHU3HAYECHHS MapamMeTpiB il 00 €MHHUX 3pa3KiB.
Po3paxyHku mnapamMeTpiB OJIMHMYHOIO TPEKYy BHUKOHAHI 3a METOJUKOIO
BU3HAYCHHS IIUPUHU Ta TJIMOMHM BaHHU PO3IUIABY OJMHUYHOTO TPEKY,
po3po0bIieHo0 Ha 0cHOBI (hopmynu PozenTans. [IpoTte nana Mojens HE BpaxoBye
neBHUX (PaKTOPiB Ta € NPUOIU3HOIO, 11 HEOOX1THO KOPUTYBATH ISl KOHKPETHUX
YMOB 1 BUKOPHUCTOBYBAaHOTO OOJaJHAaHHS. 3a PO3paxOBAaHHUMHU 3HAYCHHSIMU
MUATOMOI eHeprii OyJo 3MOJEeTbOBAHO IUIONIMHY 3HAYE€Hb HIBUJIKOCTEH PyXy
JA3epPHOr0 MPOMEHS 3aJIE’KHO BiJl MOTYKHOCTI BUMPOMIHIOBAaHHSI Ta BHKOHAHO
EKCIEPUMEHTAJIbHE BIAMPAIIOBAHHS OOYMCIECHUX TEXHOJIOTIYHUX MapaMeTpiB
JUIS THATBEPKEHHS ONTUMAIbHUX 3HAYEHB IIIBUIKOCTI 1 MOTY>KHOCTI J1a3€pPHOTO
npomeHs, chOKYCOBAHOTO y IJIsIMY (PIKCOBAHOTO JAlaMeTpa JiJis 33JJaHO1 TOBIIIMHU
mapy. 3a J0MOMOIor0 ONTUYHOI MIKPOCKOIIIT TpoaHaIi30BaHo JaHi, Ha MiJCTaBi
AKUX OyJ0 CHCTeMaTU30BaHO 3HAYEHHS TEXHOJOTIYHUX PEXKUMIB, SKI
3a0€31euyIoTh NOTPIOHY SKICTh OJUHUYHUX TPEKIB.

Hactynaum eramnom, BIANOBIIHO J0 3alIPONOHOBAHOI Y POOOTI METOIUKH,

€ BU3HAUCHHS onTtuManbHOi nmuTomoi eHeprii BJIII-nponecy. [dns mporo Oymno



BUOpaHO 1 JOCHIIPKEHO OJMHUYHI IIApH, SKI CTBOPIOBAIKNCH 3a PEKHUMAMHU,
BU3HAYCHUMH Ha TMEPIIOMY eTall JOCHIIKEeHb. 3a pe3yIbTaTOM €KCIEPUMEHTY
MPOBEJICHO MIKPOCKOMIYHUN aHali3, OTpUMaH1 JaHl 3BEJACHO Yy TaOIuI0 1
MpoaHai30BaHO. BCTaHOBIEHO ONTHMANIBHUM [dialla3oH MUTOMOI IIUIHBHOCTI
eHeprii Ta mapaMeTpu MOTY>KHOCTI, IBUAKOCTI Ta BIACTaH1 MI3K TPEKaMHU.

3aKJIFOYHUM €TaroM BU3HAUYCHHS onTUMalbHUX pexxumMiB BJIII-mporecy €
BUT'OTOBJICHHS 00’ €MHHX 3pPa3KiB 13 BAKOPUCTAHHSIM TEXHOJIOTIYHUX MMapaMeTPiB,
SIK1 BIZMIOB1AAIOTh ONTHMAIBHUM 3HAYEHHSM IIUILHOCTI €HEPTii, BU3HAYAIOTHCS
pexuMH, sIKi 3a0e31meuytoTh (opMyBaHHS 00’€MHHUX 3pa3KiB 13 MAKCUMAJIbHOIO
HIJIBHICTIO.

KoncTpykiisa geskux neranei, 3 SIKUX CKJIaJalOThCs BY3JU Ta arperatu
BUPOOIB, XapaKTepU3YEThCA CKIANHICTIO (OpM 30BHINIHIX IOBEPXOHH Ta
BHYTpIIIHIX TMOPOXXHHUH, TPAKTIB Ta KaHamiB. Jlo TOro >, mparHeHHs [0
MIHIMI3a1[li MacH JIeTalie 3yMOBIIIOE€ Mally TOBIIMHY OOOJIOHOK a00 CTIHOK. 3a
TaKuX YMOB OCHOBHUMH BHUJAaMHU JIeEKTIB Marepially AeTaneil € MOPUCTICTH,
rapsiie PpO3TPICKYBaHHS Ta BHYTPIIIHI HampyxeHHsA. Jlis migBUILIEHHS
PIBHOMIpPHOCTI ¥ piBHA KOMIUIEKCY MEXaHIYHMX BJIACTUBOCTEH OyIio
3alpONOHOBAHO BUKOPUCTOBYBATU TEPMIUHY OOpOOKY HaJpyKOBaHUX BUPOOIB
BIAMIOBITHO 10 OOpaHUX PEKUMIB.

Otxe, y JauceprauiiHii poOOTI pO3B’sA3aHO aAKTyallbHY HayKOBO-
MPaKTUYHY 3a7a4y.

Vnepmie po3po0iaeHO NPUHIMWON MPOCKTYBaHHS OONMagHAHHS A
BUTOTOBJICHHS BHPOOIB PAKETHO-KOCMIYHOI Ta aBlalliiHOI TEXHIKU 3
BUKOPUCTAHHAM BHOIPKOBOTO JIA3€PHOTO IJIABJICHHS Ta HOTO OCHOBHUX CHUCTEM.

VYoepuie po3poOIeHO METOAMKM BHU3HAUYEHHS POOOYMX MapaMeTpiB
oOJlaJHaHHS, PEKUMIB JI03YBaHHS MOPOLIKY IUISIXOM MOCIIOBHOTO OITyCKaHHS
matgopm 0e3MOoCepeIHbO MM Yac HAHECEHHS, IIBHIKOCTI HAHECEHHS IapiB

KAPOMIITHOTO CIUIaBY 1 TUTAHY.



Po3po6iaeHo HOBI METOJMKHU 1 CXE€MH KOpEKIlii (POKYyCHOI BIJICTaHi JIst
TPHOXOCHOBOI CUCTEMH CKAHYBAaHHS J1a3€PHOI0 MPOMEHIO, .

VYinepiie BiANpabOBaHO BIACHY TEXHOJIOTIIO OTPUMAaHHS BHUPOOIB 3
XKapoMiHOro HikesneBoro cmiaBy Inconel 718 - xamepu 3ropsiHHS PIIUHHOTO
JBUTYHA Ta JeTalied TypOOHAacCOCHOrO arperatry — 3  BHUCOKHMH
XapaKTepUCTUKAMHU

Hampsimox  gocmimkenp Oe3mocepeHbO TOB'SI3aHUKA 3 BUKOHAHHSM
nepxkOromxeTHoi Temu Ne 0119U101196 «Iuterpamiss texuonorii 3/ npyky
METaJICBUMHU CIUIaBaMU B Cy4acHE BHUPOOHHUIITBO aBlal[liHOI Ta pPaKETHO-
KOCMIYHOT TEXHIKI

3a pesyJibTaTaMu NPOBEACHOI poOOTH OyJIO CIPOEKTOBAHO Ta CTBOPEHO
yctaHoBKy ALFA-150D nns BurotoBieHHs paetanei 3a BJIII-texHomoriero,
pO3pO0JICHO BJacHy METOJIMKY BIANpalloBaHHsA mnapameTpiB  3D-apyky.
CrBopeno kommnaHito «AJIT Vkpainu», sika posmnouana ApiOHOcepiiiHe
BUPOOHMIITBO OOJIaIHAHHSA 1 A€TaJel paKkeTO-KOCMIYHOI TEXHIKHU JIs MPOBIAHUX
Jep>KaBHUX Ta MIPUBATHUX MIANPUEMCTB YKkpainu, Takux sik Kb «IliBgenne», AT
«Morop Ciuy», JIl «Antonos», Il «IBuenko-IIporpecc», AIIKD «Jlyu», HII
HBKI' «3ops-Mammpoekt», Il «BO IIM3 iMm. O. M. Makaposa», Kb
«KIIKBA» Ta iHIIUX.

Kitouosi cinoBa: Bubipkose nazepHe miaBieHHs, 3D-apyk meTanom,
TEXHOJOT14YHI nmapameTpu 3D npyKy AJisi BATOTOBJICHHS JeTajiel sl aBialiiiHo1
Ta paKeTHO-KOCMI4HO1 TexHiku, Alfa-150D.
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ABSTRACT

Adzhamsyi S.V. Synthesis of design and technological solutions for the
manufacture of rocket and space technology parts using selective laser melting.
— Qualification scientific work regarded as an equivalent to a manuscript.

The dissertation for seeking the scientific degree of Doctor of Philosophy
(PhD) in specialty 134 — “Aviation and Rocket and Space Technology”. — Oles
Honchar Dnipro National University. — Dnipro, 2021.

The dissertation work 1s devoted to the development of technological
parameters and methodology for their obtaining for the modern process of 3D-
printing of complex parts with the provision of certain quality indicators for
manufacturing in aviation and rocket and space technology using the technology
of selective laser melting (SLM).

Modern rocket and space technology has passed a significant way of
technological evolution and it uses the most advanced methods of design,
engineering and production. The use of a large number of complex processes and
principles enables production of parts of components and aggregates that are able
to work on the limits of physical capabilities of structures and materials used.

One of the key problems of the production of rockets and space vehicles
(RSV) is the need to use a wide range of complex technological processes and
unique production and testing equipment. In addition, the industry needs
appropriate highly qualified personnel. The maintenance and development of this
direction causes high costs, and, as a result, a sufficiently high cost of space
missions.

Recently, several areas of development of the latest technologies have
emerged, which can significantly reduce the costs and production time in rocket
and space technology and make production of the most complex systems of the

launch vehicle easier: the pneumatic and hydraulic system, combustion chambers,



turbo pumps and others. One of the key directions is the use of additive
technologies, namely, 3D printing of metal parts.

The key technology of 3D printing of high-quality complex products made
of heat-resistantand nonferrous alloys is the process of "selective laser melting"
(Powder Bed Fusion). This technology involves local layer-by-layer melting of
metal powder in an airtight chamber filled with inert gas, with residual oxygen of
less than 0.1 percent. As the source of energy, ytterbium fiber lasers with high
radiation stability are used. The power of their radiation of 100 to 1000 W is
optically focused into a spot of 50 to 300 um. Geometric zones of melting and
fusion are formed according to a preliminarily prepared program obtained by
mathematical and algorithmic slicing a 3D model into layers and forming the
trajectories of the laser beam.

To integrate SLM technology into the technological processes of RSV
production, it is necessary to use highly technological special alloys and work out
for them all the technological parameters of 3D printing. Considering certain
limitations as for this technology imposed by the international law and absence
of the necessary functions in the standard equipment, for facilitating the research
and practical part of this degree work, an experimental device Alfa -150D was
designed and produced.

This equipment is designed to ensure airtightness inside the chamber
during the formation of a part. The required residual concentration of oxygen is
ensured by its displacement by a heavy inert gas argon. The inert gas is injected
into the chamber in portions and is controlled by the control system using high-
precision sensors. The system for application of layers of the metal powder is
designed in a way that ensures even overlapping of layers 20 to 400 um thick
with the accuracy not less than 2 um. During the printing, the platform with the
part being printed is descending, as new layers are formed, into the building shaft,
the latter being gradually filled in with the powder. The control system is

composed of two subsystems: one controls the laser and scanning system, the



other is responsible for movements of components and maintenance of the
specified environment.

For development of the optical system and ray positioning system, two
variants of optical systems were simulated and manufactured, and also the
problems of maintaining the required aperture of the laser beam over the entire
surface of the construction by high-speed correction of focal length were solved.
For one of the variants, a formula was derived and a model of compensation of
focal length relative to the position on the platform was created.

To form a stable environment in the print area, the geometry of the
chamber, the nozzles of the input and output gas flows and their location were
simulated. This enabled determination of optimal gas-dynamic model of the flow
distribution of movement of gas in parallel with the building platform. Uniform
speed of cooling over the whole area in the zone of formation of molten basin and
conditions for removal of combustion products that are formed during the melting
of the powder were ensured.

During operation of the 3D-printer, it is necessary to clearly determine the
required amount of powder in such a way that, on the one hand, to ensure its
sufficient amount to form each subsequent layer and, on the other hand, to prevent
its excessive consumption. For achieving this, an algorithm of spreading powder
depending on the area of the layer being printed, positioning of the part on the
platform, speed of motion of the dosing device and other conditions was
determined. Experimental studies were carried out, basing on the results of which
a formula was proposed and a methodology for calculating the working
parameters was developed, optimal data on the dosage and speed of application
of materials of heat-resistant nickel-chrome alloy and titanium were obtained.

The main purpose of the work was to develop modes of manufacturing
parts of aviation and space technology out of heat-resistant nickel-chrome alloy
Inconel 718 with the use of the SLM technology. At that, the quality of products,

in their physical, mechanical and other properties was not to be inferior to the



properties of same products produced by casting. Besides, the density of the
material of printed parts was to be more than 99%, its chemical composition and
homogeneity were to match requirements to the chosen alloy. In accordance with
this task, the methodology for working out the technological parameters of 3D-
printing was proposed, which consists of three stages: determining the parameters
of the formation of single tracks, a single layer and 3D samples. Calculations of
parameters of a single track were done according to the method of determination
of the width and depth of the molten basing of a single track based on the
Rosenthal equation. However, this model does not take into account certain
factors and is approximate, it has to be adjusted for specific conditions and
equipment used. According to the calculated values of specific energy, the plane
of the laser beam movement velocity values depending on the radiation power
was simulated and experimental testing of the calculated technological
parameters was performed to confirm the optimal values of the speed and power
of the laser beam focused into a spot of fixed diameter for a given layer thickness.
With the help of optic microscopy, the data analyzed, on the basis of which the
values of technological modes that provide the desired quality of single tracks
were systematized.

The next step, according to the methodology proposed in this work, is to
determine the optimal specific energy of the SLM process. For this, individual
layers formed in the modes determined on the first stage of research were selected
and studied. As a result of this experiment, microscopic analysis was carried out,
the obtained data were summarized in a table and analyzed. The optimal range of
the specific density, parameters of the power and speed and distance between the
tracks were determined.

The final stage of determining the optimal modes of SLM process is the
manufacture of 3D samples with the use of technological parameters that
correspond to the optimal values of energy density; modes that ensure the

formation of volumetric samples and with maximum density are determined.



The design of some parts, of which units and aggregates of products are
assembled, is characterized by complexity of the forms of external surfaces and
internal cavities, tracts and channels. Besides, the striving for minimization of the
mass of the parts leads to small thickness of the shells or walls. In this situation,
the main kinds of defects of the material are porosity, hot cracking and internal
strains. For improvement of uniformity and a range of mechanical properties, it
was proposed to use heat treatment of printed products in accordance with the
chosen modes.

Thus, in this dissertation work, an essential scientific and technical problem
of manufacturing parts for the space industry, a combustion chamber of a high-
altitude liquid propellant engine with a thrust of 350 kgf was created, parts of an
experimental engine chamber and a turbopump were made.

The direction of research is directly related to the implementation of the
state budget theme Ne 0119U101196 "Integration of 3D printing technology with
metal alloys in the modern production of aviation and rocket and space
technology"

On the basis of the results of this work, the ALFA-150D installation was
designed and produced for the manufacture of parts using SLM technology; an
own method of working out the parameters of 3D-printing was developed. The
company “ALT Ukraine” was established, which began small-batch production
of equipment and parts for rocket and space industry and for Ukrainian state-
owned and private enterprises, such as “Yuzhnoye Design Office” state
enterprise, “Motor Sich” join-stock company, “Antonov” state enterprise,
“Ivchenko-Progress™ state enterprise, “Design Office Luch” state enterprise,
"Zorya-Mashproekt Scientific and Manufacturing Complex of Gas Turbine
Manufacturing" state enterprise, “Yuzhmash Manufacturing Association Named
After O. M. Makarov” state enterprise, "PA UMZ them. O.M. Makarova",
"KCKBA" design office and others.



Our own scheme and the formula for correcting the focal length for the
three-axes laser beam scanning system are proposed.

For the first time, a system for correcting the process of dosing powder by
sequential lowering of platforms during powder application was proposed.

Keywords: selective laser melting, 3D metal printing, technological parameters
of 3D printing for manufacturing parts for aviation and rocket and space
industries, Alfa-150D.



