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1. BnockoHasieHHs 06J1afHAaHHS Ta TEXHOJIOTI] I1J1a3MOBOTO POTAL[ITHOTO PO3NUJIEHHS /IJ1SI BUTOTOBJIEHHS] METAJIEBUX
MOPOUIKiB aIUTHMBHOTO IPU3HAYEHHS
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additive purposes

Pedepar:

1. MeTta po60TH 10I5ITa€ B pO3POOLLi TEXHOJIOTII OTpMMaHHS C()epUYHUX [TOPOLIKIB 3 HiKeJIEBUX Ta TUTAHOBUX
CILIABIB, fIKi 3aCTOCOBYIOTBCH [JI QIUTUBHOTO BUPOILILYBAaHHS JE€TaJIeN BiIIIOBIIaJIbHOTO IPU3HAYEHHS, JJIS1
MigBUIIEHHS X SKOCTi Ta 3abe3neyeHHs] HeOOXiJHOTO PiBHS MEXaHiYHUX BIaCTUBOCTEN. O6'€KTOM NOCTIIKEHD €
IIPOLIEC IJIA3MOBOTO POTALLITHOTO PO3NWJIEHHS AJ1s1 BUPOOHULTBA C(HEPUYHNX TOPOUIKIB i3 THTAHOBUX Ta HIiKEJIEBUX
CILIaBiB, MPOLECU KOHCOJIifallii IOPOLIKIB i3 3aCTOCYBaHHSIM aIUTUBHUX TEXHOJIOTI. [IpeamMeToM nocCimKeHHs €
00J1aJHaHHS1 Ta TEXHOJIOTIYHI PEe)KMMH I171a3MOBOTO POTALIifHOTO PO3MUJIEHHS 1151 BAPOOHULTBA CHEPUUHUX

HOpOIHKiB 3 TUTAHOBUX Ta HiKeJIEBUX CILJIaBiB Ta NnapaMeTpu aIuTUBHUX TE€XHOJIOTi¥ BUTOTOBJIEHHS piBHI/IX r7_'I,eT(:1J'[€I‘/'I



3 HUX. Y poOOTi 17151 BOOCKOHAJIEHHS] BUPOOHULITBA C(PePUIHMX IOPOILIKIB IIOCTABJIEH] TaKi 3aBAaHHS: 1.
3anponoHyBaTH 3MiHU By3Jia IiiBeeHHS 3aT0TOBKH, 1[0 PO3NUIIIOETHCS, Ta ii dikcalii 3 MeToo 306ibIeHHs
IIBUJIKOCTi 0GEPTaHHSI BUTPATHOTO €JIeKTPoLy. 2. BinnpaloBaTy oTUMaJbHi CKJIai Ta30BOr0 CepeloBULIa [IpU
POTaLiMHOMY PO3IUJIEHHI 3aTOTOBOK 13 TUTAHOBUX Ta HiKEJIEBUX CIJIABIB. 3. BUBHAUYNTU BIUIMB TEXHOJIOTIYHUX
IIapaMeTpiB pO3NUJIEHHS (IIBUAKOCTi 00epTaHHS 3arOTOBKU Ta CKJIAJy I1J1a3MOYTBOPIOIYOI ra30BOi CyMmilli) Ha
dpakuiitHU CcKaz, i IKiCTh MOPOMIKIB 3 >KaPOMIIJHUX HiKeJIeBUX i TUTAHOBUX CILIaBiB. 4. OTpuMaTu cpepuyHi
IIOPOUIKM 33,aHOT0 PPaKLiliHOro CKIaAy [JIsl IEBHUX TEXHOJIOTIN KOHCOiJaLlii IOPOLIKIB (117151 €J1eKTPOHHO-
IIPOMEHEBOT0 Ta MIKPOIJIa3MOBOTO HaIJIAB/I€HHS, JlasepHUil 3D-1pyK). HaykoBa HOBU3HA pOOOTHU MOJISATAE B
HacTynHoMy: 1. OTpumany nojanbmuil pO3BUTOK 3aJI€SKHOCTI BIJIMBY TEXHOJIOTIYHOTO TaPaMETPy POTaL,iiHOTO
I171a3MOBOT'0 PO3NUJIEHHS (LIBUAKICTb 06€PTaHHS BUTPATHOIO €JIEKTPOAY) Ha PO3Mip IMOPOILIKIB i3 >KapoMilJHMX
HikesieBuX cIuiaBiB Inconel 718, B)K98 Ta tutanosoro cinasy Ti-6Al-4V. YIOCKOHAJIEHO KiHEMAaTUYHY CXEMY
cucTeMy 06ePTaHHS BUTPATHOTO €JIEKTPO/Y B 00JIafiHaHHI 4J15 POTaLilIHOTO 11a3MoBOro posnusneHHs (PREP).
OTpumaHo MakcuMasbHy KisbKicTb (d50) npibHoaucnepcnHoro (30...100 MKM) MeTasieBOro OPOUIKY IJ1sl
BUTOTOBJIEHHS JeTasneil ['T]l afuTHBHUMU TEXHOJIOTiIMU. 2. Brieple BCTaHOBJIEH] perpeciiiHi 3a71e>XXHOCTi BILJIMBY
CKJIaJly IIJIa3MOYTBOPIOIOYHUX Ia3iB (aproH, reJiiil) B yMOBax HaIBUCOKUX IIBUIKOCTEN 06€PTaHHS PO3NUIIOBAHOI
3aroToBku (20-30 Tuc. xB-1) Ha dpakuiiiHMi CKJIa, BUTOTOBJIEHUX METaJleBUX MTOPOUIKIB 3i criasiB Inconel 718,
B)X98 Ta Ti-6Al-4V 3a TexHosorieto PREP. BcTraHOBNEHO ONTUMaJbHI TEXHOJIOTIUHI PESKUMU 7151 BUTOTOBJIEHHS
cpepuuHux nopouikis poamipamu 30...60 MKM HikeseBUX >kapoMiliHUX cIiaBiB Inconel 718 i B)XK98 Ta i3 TuTaHOBOTO
crnay Ti-6Al-4V nucnepcaictio 30...60 MkM. 3. Po3BUHYTe HayKOBe OOI'PYHTYBAaHHS BIJIMBY (PpaKLiiHUX CKIIAZiB
PO3p06JIeHUX ITOPOLIKIB Ha TEXHOJIOTIYHI XapaKTepUCTUKY aAUTUBHUX METOLiB BUPOOHUIITBA (J1azepHuil 3D-1pyk,
MIKpOILJIa3MOBE Ta €JIEKTPOHHO-TIPOMEHEBE I10IIapOBE HaIJIaBJI€HHs]). BCTaHOBJIEHO ONTHMAaJIbHI PEXXUMU
PO3MNUJIEHHS 1J1 OLEP>KaHHS B TOCIIHUX i BUPOOHNYMX YMOBAX METAJIEBUX [TOPOIIKIB Pi3HOTO MPU3HAYEHHS: JJ1s1
sazepHoro 3D-gpyky - 20...50 MKM; 17151 MiKPOILJIa3MOBOTO I10IIapoBOro HariaeaeHHs - 100...120 MkMm; 1J1st
€JIEKTPOHHO-TIPOMEHEBOT0 BUPOIyBaHHs BUPOOiB — 45...105 MKM. BUrOTOBJIE€HI IOPOIIKY, 3aMOBJIEHI
nignpuemctsoM AT «Motop Ciy», 3aCTOCOBYBaJIMCh 1171 JIa3epHOro 3D-IpyKy meTaseil KaMepy 3rOpSIHHS —
3aBUXpIoBayva 3i criaBy Inconel 718. BurotoBieHi getasi npoiily BUIPOOYBaHHS B CKJIA/li IBUTYHA Ta TEXHOJIOTIs
J1a3€pHOTO JIPYKY PEKOMEH0BaHa Jjisl CepiiHOro BUPOOHUIITBA 3aBUXPIOBayiB. B ymoBax IHcTUTYTY
€JIEKTpO3BapioBaHHA iM. €. O. [laToHa yCIiHO NPOBELEHE €JIEKTPOHHO-TIPOMEHEBE Ta MIKPOIIA3MOBE I101IapOBE
BMPOILYBaHHSI 3arOTOBOK Ta 3pas3KiB i3 BUKOPUCTAHHSIM C(pepUYHMX IOPOIIKiB HikesieBoro crasy B)K98 ta

TUTAaHOBOTO cruiaBy Ti-6Al-4V, mo ninTBepakeHe BinIOBIIHUMM aKTaMU BIIPOBAI>KEHHSI.

2. The purpose of the work is to develop a technology for obtaining spherical powders from nickel and titanium
alloys, which are used for additive growth of parts for critical purposes, to improve their quality and ensure the
required level of mechanical properties. The object of research is the process of plasma rotary spraying for the
production of spherical powders from titanium and nickel alloys, the processes of powder consolidation using
additive technologies. The subject of the study is the equipment and technological modes of plasma rotary
spraying for the production of spherical powders from titanium and nickel alloys and the parameters of additive
technologies for manufacturing various parts from them. The work to improve the production of spherical
powders sets the following tasks: 1. To propose changes in the node for supplying the sprayed workpiece and fixing
it in order to increase the rotation speed of the consumable electrode. 2. To work out the optimal compositions of
the gas medium during rotary spraying of workpieces made of titanium and nickel alloys. 3. To determine the
influence of the technological parameters of spraying (the speed of rotation of the workpiece and the composition
of the plasma-forming gas mixture) on the fractional composition and quality of powders made of heat-resistant
nickel and titanium alloys. 4. To obtain spherical powders of a given fractional composition for certain powder
consolidation technologies (for electron beam and microplasma deposition, laser 3D- printing). The scientific
novelty of the work is as follows: 1. We have further developed the dependence of the influence of the
technological parameter of rotary plasma spraying (consumable electrode rotation speed) on the size of powders
from heat-resistant nickel alloys Inconel 718, B)K98 and titanium alloy Ti-6Al-4V. The kinematic scheme of the
consumable electrode rotation system in the equipment for rotary plasma spraying (PREP) has been improved. The



maximum amount (d50) of finely dispersed (30...100 pm) metal powder for the manufacture of gas turbine engine
parts by additive technologies has been obtained. 2. For the first time, regression dependences of the influence of
the composition of plasma-forming gases (argon, helium) under conditions of ultra-high rotation speeds of the
sprayed workpiece (20-30 thousand hv-1) on the fractional composition of metal powders manufactured from
Inconel 718, B)K98 and Ti-6Al1-4V alloys using PREP technology have been established. Optimal technological
modes have been established for the manufacture of spherical powders with sizes of 30...60 um of nickel heat-
resistant alloys Inconel 718 and BXK98 and from titanium alloy Ti-6Al-4V with a dispersion of 30...60 pm. 3.
Scientific substantiation of the influence of fractional compositions of the developed powders on the technological
characteristics of additive manufacturing methods (laser 3D printing, microplasma and electron beam layer-by-
layer deposition) has been developed. Optimal spraying modes for obtaining metal powders for various purposes in
experimental and production conditions have been established: for laser 3D printing - 20...50 pm; for microplasma
layer-by-layer deposition - 100...120 um; for electron-beam growth of products - 45...105 um. The manufactured
powders, ordered by JSC Motor Sich, were used for laser 3D- printing of combustion chamber parts - swirlers
made of Inconel 718 alloy. The manufactured parts were tested as part of the engine and laser printing technology
is recommended for serial production of swirlers. In the conditions of the E. O. Paton Electric Welding Institute,
electron-beam and microplasma layer-by-layer growth of blanks and samples using spherical powders of nickel
alloy B)X98 and titanium alloy Ti-6Al-4V was successfully carried out, which is confirmed by the relevant acts of

implementation.
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