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2. Improvement of equipment and technology of plasma rotary spraying for the production of metal powders for
additive purposes

Pedepar:

1. MeTa po60TH noJirae B po3poOlLli TEXHOJIOTII OTpUMaHHS C(PepUIHUX NOPOILKIB 3 HiKEJIEBUX Ta TATAHOBUX
CILJIaBIB, SIKi 3aCTOCOBYIOTLCS [JIs1 AAUTABHOIO BUPOILLYBAHHS NETaJIE BilllIOBiAAIbHOTO IPU3HAYEHHS, [JIS1
MiJBUIIEHHS X SIKOCTi Ta 3abe3neyeHHs] HeOOXiJHOTO PiBHS MEXaHiYHUX BIaCTUBOCTEN. O6'€KTOM NOCTIIKEHD €
MIpoliec MJIa3MOBOTO POTAlitHOTO PO3MUJIEHHS 1JI1 BUPOOHULITBA CHEPUYHUX [TOPOIIKIB i3 TUTAHOBUX Ta HiKEJIEBUX
CILJIaBiB, IIPOLIECU KOHCOJIiIallil IIOPOILKIB i3 3aCTOCYBAaHHSIM aIMTUBHUX TEXHOJIOTIN. [IpegMeTOM NOCTiIKEHHS €
06J1aTHAHHS TA TeXHOJIOTIYHI PEKMMMU MIa3MOBOTO POTAIIMTHOTO PO3MUJIEHHS 71t BUPOOHUIITBA C(DEPUIHUX
IIOPOUIKiB 3 TATAHOBYX Ta HiKeJIEBUX CIIJIABiB Ta [MapaMETPU aUTUBHUX TEXHOJIOTi BUTOTOBJIEHHS Pi3HUX AeTajein
3 HUX. Y pOoOOTi [1J151 BLOCKOHAJIEHHS BUPOOHUIITBA C(PEPUYHUX ITOPOUIKIB IIOCTaBJIEH] Taki 3aBIaHHS: 1.
3anponoHyBaTH 3MiHU By3Jia iiBEJeHHS 3aTOTOBKH, 1[0 PO3NUIIIOETHCS, Ta i dikcawii 3 MeTo1o 36ibeHHs

IIBUJIKOCTi 0GEPTaHHS BUTPATHOTO €JIeKTPoLy. 2. BifnpaloBaTy oNTUMaJbHi CKJIaJii Ta30BOr0 CepeloBUIIA [IpU



POTaLifHOMY PO3IWJIEHH] 3arOTOBOK i3 TUTAHOBUX TA HIKEJIEBUX CIUIABIB. 3. BU3HAYNUTU BILJIUB TEXHOJIOTTYHUX
napaMeTpiB PO3NMUJIEHHS (IBUAKOCTI 06€PTaHHS 3arOTOBKU Ta CKJIaNy 171a3MOYTBOPIOIOYOI ra3oBoi cymini) Ha
dpakuitHU cKaz i IKiCTh MOPOMIKIB 3 >KapOMIlIHUX HiKeJIeBUX i TUTAHOBUX CILIaBiB. 4. OTpuMaTu cpepuyHi
MIOPOUIKM 337aHOr0 PPaKLilfHOTO CKIaAy [JIsl IEBHUX TEXHOJIOTIN KOHCOIiJaLii IOPOLIKIB (17151 €JIeKTPOHHO-
IIPOMEHEBOT0 Ta MiKPOIJIa3MOBOTO HaIJIABJI€HHS, JlasepHUil 3D-1pykK). HaykoBa HOBU3HA po6OTH MOJISATAE B
HacTynHoMy: 1. OTpuMany nojanbmui pO3BUTOK 3aJIESKHOCTI BIJIMBY TEXHOJIOTIYHOTO ITapaMeTPy POTaL,iiHOTO
I171a3MOBOT'0 PO3MNUJIEHHS (LIBUAKICTb 06€PTaHHS BUTPATHOTO €JIEKTPOAY) Ha PO3Mip IOPOIIKIB i3 >KapoMilJHKX
HikesneBux cniasiB Inconel 718, B’)K98 ta TutanoBoro crasy Ti-6Al-4V. YO0CKOHaNIEHO KiHEMAaTUYHY CXEMY
CHCTEeMU OOEPTaHHS BUTPATHOTO €JIEKTPOy B O6JIaiHaHHI IJ1s1 pOTaLiliHOTO I171a3M0BOro posnuiieHHs (PREP).
OTpumaHo MakcMMasbHY KinpKicTb (d50) npibHoaucnepcnHoro (30...100 MKM) MeTasieBOro OPOLIKY 17151
BUTOTOBJIEHHS feTasneil ['T]l afuTHBHUMU T€XHOJIOTisIMU. 2. Brieplie BCTaHOBJIEH] perpeciiiHi 3a1€>XKHOCTi BIIUBY
CKJIaNly IIJIa3MOYTBOPIOIOYMX 'a3iB (aproH, reJiiil) B yMOBax HaIBUCOKUX IIBUIKOCTE 06epTaHHSI PO3IUIIOBAHOI
3arotoBku (20-30 Tuc. xB-1) Ha PpakuiiiHUi CKJIaj, BUTOTOBJIEHUX METajleBUX [TOPOUIKIB 3i cIiyiaBiB Inconel 718,
BJK98 ta Ti-6Al-4V 3a Texnosorieto PREP. BcTaHOB/IEHO ONTUMAaJIbHI TEXHOJIOTIUHI PEXKUMMU 11711 BUTOTOBJIEHHS
cpepuyHux nopoukis poamipamu 30...60 MKM HikeseBUX >kapoMiliHUX cIiaBiB Inconel 718 i BXK98 Ta i3 TuTaHOBOTO
crasy Ti-6Al-4V nucnepcHicTio 30...60 MKM. 3. Po3BUHYTE HayKOBe OOIPYHTYBaHHS BILJIMBY PpaKLiiHUX CKIIaLiB
PO3p006JIeHUX NTOPOLIKIB Ha TEXHOJIOTIYHI XapaKTepUCTUKY aAUTUBHUX METOiB BUPOOHUIITBA (J1a3epHuil 3D-1pyk,
MIKpOIIJIa3MOBE Ta €JIEKTPOHHO-TIPOMEHEBE NI0MIAPOBE HaIJIABJIEHHS]). BCTaHOBJIEHO ONTHMAaJIbHI PEXXUMUI
PO3MNUJIEHHS [17151 OJ€P>KaHHSA B IOCTIJHUX i BAPOOHUYMX YMOBAX METaJI€BUX IOPOLIKIB Pi3HOTO NPU3HAYEHHS: [17Is1
nazepHoro 3D-apyky - 20...50 MKM; 17151 MiKPOILJIa3MOBOTO I101IapoBOro HariaeaeHHs — 100...120 MKMm; 171t
€JIEKTPOHHO-TIPOMEHEBOT0 BUPOIyBaHHs BUPOOiB - 45...105 MKM. BUrOTOBJIE€HI IOPOIIKY, 3aMOBJIEHI
nignpruemctsoM AT «Motop Ciy», 3aCTOCOBYBaJMCh 1171 Jla3epHOro 3D-IpyKy meTaseil KaMepu 3rOpSHHS —
3aBuXploBayva 3i criaBy Inconel 718. BuroTtosseHi geTasi npoiimiy BUIPOOYBAHHSI B CKJIaJli IBUTYHA Ta TEXHOJIOTIsS
JIa3€pHOTO JIPYKy PEKOMEH0BaHa Jijisl CepiilHOro BUPOOHMUIITBA 3aBUXPIoBauiB. B ymoBax IHcTUTYTY
eJIeKTpo3BapoBaHHs iM. €. O. [laToHa ycHilHO IpoBeJeHe eJIeKTPOHHO-TTPOMEHEBE Ta MIKPOILJIa3MOBE 10IIapOBe
BMPOILYBaHHS 3arOTOBOK Ta 3Pa3KiB i3 BUKOPUCTAHHSIM C(PpepPUYHMX IOPOILKIB HikeJieBoro crnasy B)K98 ta

TUTaHOBOTO cIuiaBy Ti-6Al-4V, mo ninTBepakeHe BifIIOBiIHUMY 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-6A1-4V 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 B’K98 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 pum; 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 BJK98 and titanium alloy Ti-6Al-4V was successfully carried out, which is confirmed by the relevant acts of

implementation.
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