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WHTEMPAJIbHASI TEXHOJ10T S NOJTYYEHUS TPAHYIbHbIX MATEPUAJIOB HA
OCHOBE AJIOMWHWUAOB TUTAHA U HUKENSA AN AQAUTUBHbBIX 3D —
TEXHOJIOrMi

E.A. Jlesawos?, Moroxes 10.C.!, Centiopmna X.A.Y, 3aitues A.A.%,
Muxaiinos M.A.Y,
B.WN. IOxBuna?, B.H. Canun 10.C.2, Anapees [1.E?, Kocunues A.B.%, A.M. Jlorauesa®,
A.H. Tumodees*
1- HUTY «MUCKnC», MockBa 119049, JIeHMHCKMi1 NpocnekT, 4

2- ®IrbYH UCMAH,

3- 000 «MeTtcuHTE3>»,

4 — OAO «Komno3sur»

MepcrnekTVBHBIM HaMpaBfiEHNEM WCCNEeAOBaHUs SBMSETCS CO3AaHWE XapOMpPOYHbIX
MaTepuanos ()KM) Ha ocHoe antomMuHmaoB TiAl u NiAl, cnocobHbIx obecrneunTb BbICOKYIO
NMPOYHOCTb, KOPPO3UOHHYIO CTOWMKOCTb, TEPMOAMHAMUYECKYK CTabWNbHOCTb B YCIOBUSIX
BO3AENCTBUSI BLICOKMX Harpy3oK, arpeccMBHbIX CPeA M BbICOKUX TeMmnepaTyp Ao 1100 °C,
obnagas HU3KMM yaenbHbiM BecoM (~ 5 r/cM®). OpHolt M3 Npo6neM, 3aTpyaHSIIOLWMX
CO3fjaHne MHTepMeTaNIMAHbIX CMIABoB, SABSETCH YyBCTBUMTENbHOCTb UX (PA30BOro coctasa
K HEOONbLUMM U3MEHEHWUSM KOHLEHTPAUMI NErnpyoWmMX 1EeMEHTOB, HallMumMIi0 NpUMecen,
napameTpaM TEeXHOJIOrM4yeckoro npouecca. Apyroi npobnemoi SBNSETCS HEOAHOPOAHOCTb
CTPYKTYpbl (B YaCTHOCTW, M3-32 JIMKBALMOHHBIX SIBJIEHWI), NSIOXON CMeKaemMocTu, MasoW
NAaCTUYHOCTK, YTO 3aTPYAHSIET NOJSTyYEHME TaKMX CrJIaBOB Ha MHTEPMETaNIMAHOW OCHOBe
M MOXET NPUBOAUTbL K HEAOMYCTUMOMY pa3bpocy 3HaueHui CryxebHbIX XapaKTepuUCTHK.
Mockonbky XM sBnsoTca TpyaHoobpabaTbiBaeMbiMK, TO NMPOU3BOACTBO M3AENWUIN COXHOM
(opMbI TPaANLMOHHBIMK criocobamu (TOYeHWe, 3N1eKTPO3PO3nOHHas obpaboTka) sBnseTcs
Ype3Bbl4alHO AOPOrOCTOSIUMM W COMPOBOXAAETCS  6OMbLUMMM  MOTEPSMU  LIeHHbIX
3neMeHToB. [103TOMYy MONYyYMIM pasBUTME ALAWUTMBHbIE TEXHOSIOTMU  CENTEKTUBHOIO
3NEeKTPOHHO-NyYeBoro cnnaenenuns (C3/1C) n cenekTUBHOrO nasepHoro nnaenexnus (CIM).
OpHako Ans peanusauuy NpoM3BOACTBA CI0XHOMPOMUIBLHBIX AeTanei ¢ UCNonb30BaHUEM
AAAMTVBHBIX TEXHOOMUIA HEOBXOAUMBI FpaHysibHble MaTepuarbl NPaBUIbHON Chepuyeckoi
opMbl M pernamMmeHTUpoBaHHOW 3epHUCTOCTU. CTOMMOCTb TakUX MaTepuanoB CTaHOBUTCS
OLLYTMMOW NpY BHEAPEHWUW aAAUTUBHbBIX TEXHOMOMMI B CEPUMHOE NPOU3BOACTBO.

B 3TOM CBA3M HavaTbl paboTbl MO CO3AAHMIO MHTErPasbHOW TEXHONOMUM, BKIKOHatoLen
B cebs: ueHTpobexxHoe CBC-nuTbe nonydabpukata XXM ¢ ncrons3oBaHMeM OKCUMAHOTO Cbipbs;
roMoreHu3MpytowWwmii nepennas nonydabpukata U OTIMBKA 3NEKTPOLOB; LEHTpobexHoe
pacnblieHMe U knaccudukauus  TpaHyn  npaBubHOM  cdepuyeckoir  opMbl U
pernaMeHTUpPOBaHHOM 3epHUCTOCTU. lMpoBeadeHbl UCCefoBaHNs Mpouecca CMHTE3a NUTbIX
nonycdabpukatoB (cnutkoB) Ha ocHoBe NiAl u TiAl B ycnoBusix BO3AENCTBUS
LeHTPO6eXHbIX CWA, BK/OYas MOUCK ONTUMArbHbIX PeXUMOB Ans  obecneveHus:
Hanbornbluel rnybuHbl asopasgeneHvst LUeneBoro npoAykTa OT  LWiakoBon asbl,
(hopMupoBaHMs 3a4aHHOrO COCTaBa CriaBoOB C AOMYCTUMbIM COAEPXXaHUEM MpuUMecei.
M3yyeHbl TeMnepaTypHO-BPEMEHHbIE PEXUMbI FOMOreHU3UpPYIOLLEro nepenniasa v ycioBus
KpucTannusaumm oTnmekv. [lapannenbHo BeaeTcs oTpaboTka TEXHONOrMuM rUAPUAHO-
KarnbLueBOro BOCCTAHOBMIEHUS MPUMEHMTENbHO K MOSYYEHMIO rpaHyn Ha ocHose TiAl.
YcTaHoBnEHbl 3aBUCMMOCTU FTyOMHBI MPOTEKaHWUS MTMAPUAHO-KaNbLIMEBOr0 BOCCTAHOB/IEHUS
OT COCTaBa LUMXTbl U YCII0BUI NpOTeKaHus npouecca.



CONTRIBUTION OF SHS TO PRODUCTION OF GRANULES FOR ADDITIVE
TECHNOLOGY OF SELECTIVE LASER AND ELECTRON BEAM SINTERING

E.A. Levashov?, Yu.S. Pogozhev?, V.N. Sanin?, V.I. Yukhvid? D.E. Andreev?, A.A.
Zaitsev!, Zh.A. Sentyurina?, A.I. Logacheva?, A.N. Timofeev®
1 National University of Science and Technology “"MISIS”, Leninsky prospect, 4,
Moscow 119049, Russia
2 Institute of Structural Macrokinetics and Materials Science, Russian Academy
of Sciences, ul. Academica Osipyana, 8, Chernogolovka, Moscow Region,
142432, Russia
3 OAO “Compozit”, ul. Pionerskaya, 4, Korolev, Moscow Region, 141070, Russia

Designing refractory materials (RMs) based on TiAl and NiAl aluminides, which are
capable of ensuring high strength, corrosion resistance, and thermodynamic stability under
high loads, in aggressive environments, and at high temperatures up to 11000C, while
being characterized by low specific weight (~ 5 g/cm3) is a promising trend in research.
One of the problems impeding production of intermetallic alloys is that their phase
composition is sensitive to slight changes in concentrations of doping elements, presence
of impurities and technological parameters. Another problem includes structure
heterogeneity (in particular, due to liquation phenomena, poor sinterability and low
plasticity), which impedes production of intermetallic-based alloys and may cause
impermissible variability in performance parameters. Since RMs are hard-to-cut, production
of irregularly shaped articles using the conventional methods (turning, electroerosion
processing) is extremely cost-intensive and is accompanied by significant loss of valuable
elements. Hence, the additive technologies of selective electron beam melting (SEBM) and
selective laser melting (SLM) have been developed. However, granular powder materials
having regular spherical shape and specific grain size are needed to manufacture
geometrically complex parts using additive technologies.

In this connection, the consortium of organizations MISiS, ISMAN, Metsintez and
Compozit are currently developing an integral technology that would include: 1- centrifugal
SHS casting of a RM semi-product based on NiAl and TiAl using oxide raw material; 2-
remelting of the RM semi-product with alloy structure modification using nanopowder
containing master alloys and further electrode molding; 3- centrifugal sputtering of
electrodes and classification of granules to the specified grain size.

Combustion synthesis of cast semi-products (ingots) from promising NiAl- and TiAl-
based alloys under centrifugal forces was performed, including searching for the optimal
modes to provide the greatest degree of phase separation in the target product from the
slag phase and formation of the specified alloy composition with the allowable impurity
content (Fig. 1). The features of structural phase transformations of the synthesis products
were studied during centrifugal SHS casting [1].



Fig. 1. Overview of RM semi-product based on NiAl produced by centrifugal SHS
casting in optimal conditions

Optimization of temperature-time modes of induction remelting of SHS semi-products,
concentration of alloying and functional additives, and crystallization conditions were
carried our in order to obtain electrodes with satisfied quality on criteria of chemical
homogeneity, grain size of the main phases, amount of impurities, residual porosity. Fig. 2
demonstrate electrode ingot based on NiAl produced by integral technology and his
microstructure before and after modification by 1% vol ZrO2 nanoparticles. Grain size of
NiAl, Ni20AI3B6 phases became smaller in 2,5-3 times.
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Fig. 2. Overview of electrode ingot based on NiAl produced by induction remelting in
optimal conditions (@) and his microstructure: before (b) and after modification by
nanoparticles (c)



Electrodes obtained are tested in process of centrifugal sputtering of granules with the
spherical shape and specified grain size. For example, granules based on TiAl alloy (a),
their microstructure (b) and grain size distribution 40-100 pm are shown on Fig. 3.
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Fig. 3. Granules based on TiAl alloy produced by centrifugal sputtering (a) and his

microstructure (b) and grain size (c)
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PA3PABOTKA W BHEAPEHME JINTEWHBIX TEXHOJTIOMMA HOBOIO MOKONEHMNSA
AN CO3AAHNA BbICOKOTEXHOJIOTMYHOIO NPOU3BOACTBA NO
U3roTOBJIEHUIO BbICOKOTOYHbIX OT/INBOK U3 AJIIOMUHUEBbIX,
MAIMHMEBBIX U TUTAHOBbBIX CMJTABOB 151 FTA3OTYPBUHHbBIX ABUrATEJIEN

Benos B.[1. MaBnuHunu C.MN., benos H.A., Kontbirux A.B., ®apees A.B.
HUTY «MUCnC», YITATY

1. PaspaboTtka NUTENHON TEXHOMNOMMM M U3rOTOBNIEHWE «MUIOTHOW» OTINBKU «Kopnyc
kopobku npusogoe». M3pennme BK2500. Cnnas MJ110 MabaputHble pa3mepbl 460 x 200 x
140. Npeobnapatowwas TonwmHa cTeHkn 5 Mm. Macca getanm 2,6 kr. Macca otnmeku 10 kr.

2. Pa3paboTka TeXHONOrMM M3roToBNEHWNS OT/IMBKM «Kopryc» M3 TUTaHOBOro criiasa
BT5J1. Usgenue MA-14. TonwmHa cTeHkun 2.5-3mMm

3. Pa3paboTka SIMTENHON TEXHONMOrMM U U3rOTOBMIEHWE «MUJIOTHOM» OTNMBKM «Kopnyc
onopbi». M3genne BK2500. Cnnas AKSM. MNpeobnagatoLias TONWMHA CTEHKN 5 MM.

4. Pa3paboTka NMTENHON TEXHOMOMMIN U U3rOTOBMIEHNE «MUIOTHOM» OTAMBKK «Koprnyc
peayktopa». W3penve MA-14. Cnnas AK74. labaputHble pasmepbl 925 x 365 x 130.
Mpeobnapatollas ToNWMHa CTEHKN 4 MM,

DEVELOPMENT AND INTRODUCTION OF MODERN FOUNDRY TECHNOLOGIES OF
HIGH-TECH PRODUCTION MANUFACTURING OF ALUMINUM, MAGNESIUM AND
TITANIUM PRECISION CASTINGS FOR TURBINE ENGINES

Belov VD Pavlinich SP, Belov NA, Koltygin AV, Fadeev AV
NUST "MISA" USATU

1. Development of the foundry technology and manufacturing of the "pilot" casting
"Gearbox" VK2500 product. ML10 alloy Dimensions: 460 x 200 x 140. General wall
thickness is 5 mm. Weight of the part 2.6 kg. Casting weight 10 kg.

2. Development of the foundry technology and manufacturing of the pilot" casting
"Box". Titanium alloy VT5L. Product PD-14. The wall thickness is 2.5-3 mm

3. Development of foundry technology and manufacturing of "pilot" casting "Housing
support". VK2500 product. AK5M alloy. General wall thickness is 5 mm.

4. Development of foundry technology and manufacturing of "pilot" casting "Gearbox"
The PD-14 product. Alloy AK7ch. Dimensions 925 x 365 x 130. General wall thickness is 4
mm.



PA3PABOTKA TEXHOJIOM'MHM NOJIYYEHUA NNIONATOK KB4 U THA U3
WHTEPMETANIINAA TI-AL

Benos B.[l. MaBnuHunu C.MN., benos H.A., Kontbirux A.B., ®apees A.B.
HUTY «MUCnC», YITATY

PaspaboTka TexHONorMmn nosty4eHns OTIMBOK sionatok MA4:
1. lonaTka KB[]

2. Nonatka THA

Ha yctaHoBke nnaeku u ueHTpobexHoro nmtbs CONSARC.
Mo TEXHOIOMMKN NIUTbS MO BbINJABASEMbBIM MOAENSM.

DEVELOPMENT OF TI-AL INTERMETALLIC COMPOUND HPC AND THE LPT
BLADES CASTING TECHNOLOGY

Belov VD Pavlinich SP, Belov NA, Koltygin AV, Fadeev AV
NUST "MISA" USATU

Development of gas turbine engine blades casting technology

1. HPC blade

2. LPT blade

Investment casting on melt-casting centrifugal system CONSARC

METOA HOCHOEIHOVI 3D-MEYATH AN NONTYYEHUA BUOPE3OPBUPYEMbIX
KOHCTPYKLIUN HA OCHOBE MOJIMTIAKTUAA (MJ1A) U HAHOPASMEPHOIo
TMOPOKCUANATUTA (FAM)

C.A. KanowkuH, A.CeHaTOB
HUTY «MUCu C»

MeTogoM nocnoiHoi 3D-neyaTv MO CO3A4QHHOM KOMMbIOTEPHOM MOAENW MOJTyYeHbI
6rnope3opbrpyemMble KOHCTPYKUMM Ha ocHoee nonunaktuaa (MJ1A) um HaHopasMepHoro
rmppokcmanatuta  (FAM) ans  3aceneHusl  MyNbTUMOTEHTHbIMKM — Me3eHXUMalbHbIMU
CTpOMasibHbIMK KNETKaMM ANst 3aMeLleHns AedeKToB craboHarpyeHHbIX y4acTKOB KOCTeW
pa3mepoM 3-5 cM3. KOMNO3UUMOHHYO HWUTb Ansg 3D-neyat nonyyanu MeToaoM LUHEKOBOM
3KCTpy3un. Pa3paboTaHHble KOHCTPYKUMM MMEIT penbedHylo MOBEepXHOCTb, MOPUCTOCTb
6onee 30 % 06., a cpeaHuit pasmep nop - 500 MKM, YTO MOXET obecneunTb aaresvio u
nponudepaumio  Knetok. Hanuume 6MOAKTMBHOM HAHOKEPaMMKM  MOXET  Yy4luTb
ocTeomHTerpaumio.  MpoaeMOHCTpUMpoBaHO Hannuve 3ddekta namsatu  HOpMbl Y
pa3paboTaHHbIX KOHCTPYKUWI, 4TO MO3BOMSIET paclMpuTb 06MacTb MPUMEHEHUS B
KayecTBe «CaMOyCTaHaB/IMBAOWMXCS» WMMIAHTATOB. Takue MONMMEPHbIE KOHCTPYKLMU
MOryT BblAepXaTb 0 3 LUMKJIOB CKaTue-HarpeB-cxaTue 6e3 paccnoeHus. BocctaHoBneHve
¢opmbl cocTaBnseT 98%.
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3D-PRINTING FOR OBTAINING POLYLACTIDE (PLA) / 15 % WT.
HYDROXYAPATITE (HA) POROUS SCAFFOLDS WITH PRE-MODELLED
STRUCTURE

S.Kaloshkin, F.Senatov
MISIS

Polylactide (PLA) / 15 % wt. hydroxyapatite (HA) porous scaffolds with pre-modelled
structure were obtained by 3D-printing by fused filament fabrication for the introduction of
multipotent mesenchymal stromal cells to replace bone defects of lightly loaded areas with
size of 3-5 cm3. Composite filament was obtained by extrusion. The developed
constructions are textured surface, a porosity of 30 vol.%, And the average pore size - 500
microns, which can provide adhesion and cell proliferation. The presence of bioactive
nanoceramics can improve osseointegration. Shape memory effect (SME) of such
constructions was observed. SME during heating may resulted in “self-healing” of scaffold
by narrowing the cracks. PLA/HA 3D-scaffolds may withstand up to 3 compression-heating-
compression cycles without delamination. It was shown that PLA/15%HA porous scaffold
obtained by 3D-printing with shape recovery of 98 % may be used as self-fitting implant
for small bone defects replacement due to appearance of SME.

AAANTUBHbIE TEXHOJIOTMU HA OAO “HINO “CATYPH”

Makcum M.O,, ®Pepocees [.B.
OAO “HIMO “CATYPH"”

BHeapeHue apauTUMBHBIX TexHonoruii B npoussBoactBo Ha HMO «CaTypH» Havanocb
6onee pecsaTv neT Hasaa, C NPUMEHeHUs ctepeonuTorpacdum Npu U3rotoBneHMn opm ans
NUTbS MO BbDKUraeMblM MOAENsIM, W3rOTOBNEHUS CTepeonuTorpaduyeckmx Moaenen
OMbITHBIX AeTanei Ans NpoBeAeHUs ra3oAvHaMUYECKUX U FMAPaBAUYECKUX UCMbITaHWIA 1
T.4. OTO NO3BOMNMO CyLLECTBEHHO COKPATWUTb CPOKM M 3aTpaTbl Ha NMPOM3BOACTBO AeTanen
rasoTypbuHHbIX auratenei (ganee MTA) - He TpeboBanacb AOMOMHWTENbHas OCHAcCTKa
ana  wm3rotoBneHns npecc-popm. B 2000-e rogbl apaMTMBHBIE TexHonorun 6ypHo
pasBMBannCb,  MPOAO/DKMTENBHOE  BpPeMS  3aHAN0  u3ydeHme  obopyaoBaHus,
NpeacTaBeHHOr0 Ha pPblHKE, W €ro TEXHOMOrMYeckux BO3MOXHOCTeW. B utore 6bin
chopMmpoBaH nepeyeHb 060pyAOBaHWs, KOTOpbI Heobxoaum HMO «CaTypH» Ans
KOMMEKCHOrO BHEAPEHUS aAANTVBHBIX TEXHONOMUI B MPOU3BOACTBO OMbITHBIX U CEPUIHBIX
petaneit ITA. B 2014 rogy Ha TeppuTopum onbiTHOro 3asBoga HMO «CaTypH» 6bin
NMOCTPOeH MPOW3BOACTBEHHO-1a60PaTOPHBIN KOPNYyC, B KOTOPOM, Ha nowaasax okono 700
M?, pacnonoxunack nabopaTopus aaANTUBHBIX TexHonoruii (aanee JIAT) HMO «CaTypH»,
rae 6binn cobpaHbl camble COBPeMeHHble M BOCTpebOBaHHble HanpaeneHus aaAvuTUBHbIX
TEXHOMOMUM.

JIAT HMNO «CaTypH» OCHalleHa CcneayowmnM TexHoNnornyeckum obopyaoBaHveM
MOCMIOMHOrO CUHTEe3a:

- yCTaHOBKa CEeNeKTUBHOO SIa3epHoro cnnaeneHus Metannos EOS M280;

- YCTaHOBKA CENIeKTUBHOIO Na3epHOro CrniaBfeHWs MeTanNoB U CMEeKaHUs Kepamuku
PHENIX SYSTEMS PM250;
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- YCTQHOBKA CENeKTMBHOMO J1a3ePHOr0  CreKaHWs MOJIMMEPHbIX  MOPOLLIKOBbIX
MaTepuanos EOS EOSINT P760;

- YCTaHOBKa 3/1eKTPOHHO-Ty4YeBOro cnnassnexHuns metannos ARCAM EBM A2;

- yCTaHOBKa npsmMoro HaHecenns metanna OPTOMEC LENS 850R;

- cTepeonuTorpaduyeckas ycraHoska 3D SYSTEMS SLA 7000;

- cTepeonuTorpadmueckas ycraHoska J1IC-350;

- 3D npuHTep OBJET EDEN 350.

MpakTnyeckoe  MpUMeHEHWe  aAAWTMBHBIX  TEXHOMOMMM  MPU  U3rOTOBNEHUU
(pyHKUMOHanbHbIX fAeTanelr Ha OAO “HMO “CaTypH”, Ha npumepe MOAUDULMPOBAHHOIO
cermeHTa >aposon Tpybel ITA 110 wusrotoBneHHoro u3 CoCrMo cynepcnnaea Ha
YCTaHOBKE CEeNeKTUMBHOro JfasepHoro cnnaenednss EOS EOSINT M280. [etanm,
M3rOTOB/IEHHbIE CENEKTUBHBLIM Na3epHbIM MMAB/IEHWEM M3 MOPOLLKOBOro MaTtepuana Ha
OCHOBE >KapOrnpoYHbIX KO6GaNbTOBbLIX CMIaBOB, UMEKT BbICOKME MeXaHW4ecKue CBOWCTBa
npy BbLICOKMX Temnepatypax v obnafatoT XOpoLlel M3HOCOCTOMKOCTBbIO M KOPPO3UOHHOM
CTOMKOCTbIO. B KkauecTBe MCXOAHOrO Matepuana Ansi U3roTOBMEHWUS OMbITHbIX 06pa3LoB M
feTanelt 6bi1 BbIbpaH MOPOLLOK M3 xaponpoyHoro crnnasa CoCrMo, nonyyeHHbIN ra3oBon
aTomMuzaumen. XWMUYECKW W TpaHy/iOMETPUYECKUIN COCTaB MCCeayemMoro nopoLuka
onpefenancs npyv  MNOMOLWM PacTpoBOro  3MeKTPOHHOro Mukpockona Inspect S50.
Onpepenenve MEeXaHNYeCKUx CBOWCTB obpasuos OCYLLEeCTBSNOCh Ha
3NEeKTPOMEXaHNYECKOW MalUMHe AN UCMbITaHW Ha KPaTKOBPEMEHHYID MpOYHOCTb Tinius
Olsen (UK), 3amepbl LIepOXOBATOCTM, NOCTPOEHWE NPOMUAOrPaMMbl NOBEPXHOCTM, 3aMepbl
reoMeTpuyecknx mnapamMeTpoB Mpou3BOAUINCE Ha Nne3epHoM 3D mukpockone (LEXT 3D
MEASURING LASER MICROSCOPE) OLYMPUS OLS4000. AHanu3 reomeTpuv Aetanen
npoBoAM/CA Ha 6ECKOHTaKTHOM OMTUYecKoi uameputenbHon cucteme ATOS II SO. Mouck
OMTUManbHbLIX MapamMeTpoB MNpoLecca CENeKTUBHOMO J1a3epHOro CrnasieHns (MOLHOCTb
Na3epHOro M3/yyeHus, 3alwuTHas aTtMocdepa, TOMWMHA MOPOLLKOBOrO Cosi, CKOPOCTb
CKaHMpOBaHMUS, AMAMETP NSATHA na3epa, PacCTosiHMe MexXAay COCeAHWMW BeKTopamu, Tun
CTpaTernn ckaHMpoBaHMWs), U3rOTOB/IEHNE OMbITHLIX 06pa3LOB M AeTanei OCyLeCcTBASI0Ch
Ha yctaHoBke EOS EOSINT M280.

YcTaHOBKa OCHalleHa UTTepbueBbiM BOSIOKOHHBIM /1Ta3epoM C MaKCMMasbHOW BbIXOAHOM
MoLWHocTbio 400 BT, AnuHOM BonHbl 1070 HM, BO3MOXHOCTbIO HEMPEPLIBHOIO pexuMa
paboTbl, 1 ABYXOCEBbIM CKAaHAaTOPOM, MO3BOMAIOLMM BapbMpOBaTh CKOPOCTb CKaHWPOBAHUS
Nna3epHbIM M3yyeHneM (panee CKOpOCTb CKaHWMPOBaHMS) C BO3MOXHOCTbIO PEery/iMpoBKU
AvaMeTpa Jla3epHOro nsTHa. YCTaHOBKA WMeeT BO3MOXHOCTb CO34aHWs 3alWUTHOM
aTtMocdepbl  (aproHHOM, asoTHOM W Ap.) M HarpeBa pabodyero npocTpaHCTBa A0
Temnepatypbl 100 °C. Umeet pabouyto 30Hy 250x250x320 MM.

PesynbTaThl rpaHynOMETPUYECKOrO aHanu3a Mokasanu, 4To ANs  MCCnesyemoro
nopoLLKa pacrpefeneHne yactuy, no pasMepaM COOTBETCTBYET HOPMAsibHOMY 3aKOHY.
Yactuubl nopoluka o61aaatoT BbICOKMM MokasaTeneM ChepuyHOCT U HU3KUM 3HAYeHueM
HEpPOBHOCTKN, YTO HEOOXOAMMO AN HaHeCeHWs PaBHOMEPHOrO M OAHOPOAHOro Cnos C
MaKCMMasibHO BO3MOXHOMN MIOTHOCTbIO yrnakoBku (Puc.1).
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Puc.1. Mopqaonorvm nosepxuocm W XMMUYECKWIl COCTaB YacTuLy nopouma CoCrMo.

Mo onTuManbHbIM NapameTpaM 6binn M3roTOBNEHBI OMNbITHbIE 06pa3Lbl, NPOBEAEH psiA
uccnefoBaHuin. OnpefeneHbl 3HaYeHWsl TOUHOCTM JIMHEWHBIX Pa3MepoB, LIEPOXOBAaTOCTH
MOBEPXHOCTH, MIOTHOCTM OMbITHbIX 06pa3uoB. OnbiTHble 06pasubl ob6nagatoT NIoTHOW
CTPyKTypol (pwvc.2), MOpbl U MYCTOTbl MPaKTUYECKM OTCYTCTBYIOT, UTO MNOATBEPXAAET
NpaBuIbHOCTb  BbIGOPA OMNTMMAsIbHBIX TEXHOMOMMYECKUX MapaMeTpoB  CeneKTUBHOMO
Na3epHOro Cr/1aBJIEHNS.

- 4} prm

Puc 2. MUKpOCTPYKTYpa OMbITHbIX 06pa3uos
AHanu3 cnnaBa nocie CeNeKTUBHOMO JTa3epHOrO Cr/IaBMeHMs MoKasan, YTo CTpyKTypa

CrnaBa COCTOWT W3 MEpEeChILEHHOr0 TBEPAOrO PpacTBOpa Ha OCHOBE reKcaroHasbHOM

HU3KOTEMMEPATYPHOU M KybMUYECKOW BbICOKOTEMMEpPaTYpHOU Moaudukaumii kobanbTa.
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HepaBHoBecHas CTpykTypa cnnasa, NpeAcTaBieHHas NepechileHHbIM TBEPALIM PacTBOPOM
Ha OCHOBE reKcaroHasbHOW HW3KOTEMMNepaTypHOi U KyBUYecKol BbiCOKOTEMMEPaTypHOW
MoaMdUKaUMin kobanbTa, MOXET OblTb OObACHEHA BLICOKOW CKOPOCTbIO OXNaXAEHUS B
NPUCYTCTBMN JIEMVPYIOLWMX KOMMOHEHTOB (XpOM v MonunbaeH). MNocne TepmMoobpaboTku B
BaKyyMe pe3KO WM3MEHSIeTCA CTPYKTypa CrnnaBa, CHUMAOTC BHYTPEHHWE HaMpsKeHWs.
TepmoobpaboTka NpuBOAUT K 06pa3oBaHWI0 B CriaBe TpexdasHON CTPYKTYpbl: OCHOBbI
CrnaBa, COCTOsILLEN M3 TBEpAOro pacTBopa XpoMa M MonubaeHa B kobanbTe ¢ Ky6uueckoin
3/IEMEHTAPHOM  IPAHELIEHTPUPOBAHHON  SYENKOW, CIOXHOro  Kapbuga wu  dasbl,
COOTBETCTBYIOLLE/ TBEPAOMY pacTBOPYy Ha OCHOBE reKcaroHasbHOW MoauduMKaumuu
kobanbTa.

Ha Puc.3 npeactasneHbl KonbueBble 06pasubl HapyXHbIM AvamMeTpoM 48 MM 1
TONWMHOW CTEHKM 4 MM, [N UCCNEAOBaHUS BIWUSIHUS PEXVMMOB TepMOO6paboTkv Ha
BHYTPEHHME  HaMpsHXKeHWs  BO3HMKAIOWME B MPOLECce CeneKTUBHOMO  Na3epHoro
CMNaBneHus.

1.

Puc. 3. Konbuesble obpasupl 3 CoCrMo Ans aHanu3a BAUSHUS  PeXVMOB
TepMoo6paboTKU ANst CHATUS BHYTPEHHWX HanpsKeHWi

MepBblit 06pasel 6e3 TepMO06paboTkM, BTOPO 06pasell Mpolues TepMoobpaboTky B
TeyeHne [AByX YacoB B BaKyyme. Ha creHke o6pasuoB 6bu1 caenaH nponun Ha
3NEKTPO3PO3NOHHON  ycTaHoBKe  (WMpuHa pe3a 0,25 MM) N0  Hanpas/EHWio
“BblpawmBanHmsa”. O6pasubl HarnsAHO MOKAa3biBAKT, KakuMe 3HAYuTeNbHble BHYTPEHHUWE
HanpsHKeHUs1 BO3HWKAIOT B AeTasnsX MOJlyYaeMbIX CE/IEKTUBHbBIM Nla3epHbIM CrIaBieHneM, 1
Kak BNMSIET Nocneaytolas TepMoo6paboTka Ha CHATME HanpsiXKEHU.
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MexaHnyeckme XapakTepuCTUKU UCCNef0BaHHbIX 06pa3u03 npeacTtaBneHbl B Tabnuue

Tabnuua 1.
MexaHnyeckme xapakTepucTukun obpasuoB u3roToBeHHbIX M3 CoCrMo cenekTBHbIM
Nla3epHbIM CriIaBJEHNEM.

XapakTepucTuka Tep&%%a;:gémfee' noc1'(|)e:6pa3l-u:I
TepMoobpaboTku

Op, KI/MM? 131,0 122,0

Oz, Kr/MM? 112,0 79,0

0, % 24,8 40,6

W, % 22,7 28,6

Cneumanuctamm OAO «HMO «CaTypH» BbINOMHEHa ONbITHas paboTa NO U3roTOBNEHMIO
MOAMMULMPOBAHHBIX ~ CErMEHTOB  »apoBol Tpybel [TA-110 M3  nepcnekTMBHOrO
»apornpoyHoro crnnasa CoCrMo MeToAoM MOC/IOMHOrO J1a3epHOro CMHTE3a Ha YCTaHOBKe
EOSINT M280 c uenblo MpoBeAeHMs] CTEHAOBbIX WCMbITaHWA B COCTaBe OMbITHOMO
O[HOTOPEIOYHOr o OTCekKa.

M3roToBneHne cerMeHTa XapoBoi Tpybbl MO KMACCUYECKON TEXHONMOrMK (ToueHue u3
npyTKa) AOCTaTOYHO TPYAOEMKMIA npouecc. ANbTEPHATMBHbIA CNOCO6 MOMyYeHWst usgenms
"'cerMeHT >apoBoi Tpybbl' METOAOM CeNeKTUBHOrO Nla3epHOro CrJaBfeHWst MO3BOJSUA
COKpaTUTb LMK W3rOTOBMEHWUS W CHU3UTb TPYAOEMKOCTb MOC/MEAYIOLIEN MexaHU4ecKon
obpaboTku.

BaxHbIM bakTOpoM sBNsSiNCS BbIGOp MaTepuana. PaHee, cerMeHTbl xapoBow Tpy6bl
M3roTaBnMBannch M3 MaTepuana 3M648 c paboueit TemnepaTypoit 1000°C. MarotosneHne
CEermMeHTOB BbIMOJHANOCh U3 XaponpoyHoro cnnasa CoCrMo, KoTopblii 0bnagaeT nyywuMm
NMPOYHOCTHBIMU  XapaKTEPUCTUKaMKM, BbICOKOW KOPPO3UOHHOW CTOMKOCTbIO W MMeeT
pabouyto Temnepatypy 1150°C, uTo B NepcneKT1Be NO3BONNTL YBENNUMTL Pecype AeTanei
Kamepbl CropaHusi WM COKpaTUTb 3aTpaTbl BO3Ayxa Ha OXNaXAeHWe XapoBoW Tpybbl u
noTeHuManbHO yBenuuutb A0 3% KN4 rta.

Mo pa3paboTaHHoi CAD Mopenv OnTUMU3MPOBAHHOM ANSt N3rOTOBIEHUS CENEKTUBHBIM
na3epHbIM CrnaBfeHneM 1 oTpaboTaHHbIX Ha obpasuax, OMTUMANbHbIX TEXHOOrMYECKUX
napameTpax CeneKTMBHOro nasepHoro (Puc. 4) ¢ MECTHbIMU MUHUMaNbHO HEOOXOAUMbIMU
npunyckamMmm Ha mexaHoobpaboTky.
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Puc. 4. 3arotoBKka OAMHOYHOrO CErMeHTa W3roTOBJIEHHAs CEMEKTUBHbLIM Jla3ePHbIM
CrnaBfieHUeM METaIONOPOLLKOBON koMnoauumm CoCrMo.

[JaHHblii BapvaHT M3roTOBNIEHUS 3arOTOBKM CErMeHTa He YAOBNeTBOps/ TpeGoBaHWsSM
N0 reoMeTPUYECKUM OTKIOHEHMAM (Puc. 5). BHyTpeHHWe HanpshXeHus, BO3HWUKAtoWmMe npu
M3roTOBNEHUN AETanu CeNeKTUBHbLIM Na3epHbIM CraBeHNeM, NpUBOANAN K KOpobneHuio
U3roTaBNMBaeMoN 3aroToBku Ao 0.5 MM.

Puc. 5. AHanu3 reoMeTpuYecKMX OTKIOHEHUIA 3aroTOBKWM OAWMHOYHOrO CEerMeHTa
BbI3BaHHbIX BHYTPEHHWMW HanpspKeHUsiMM, BO3HUKAKOWMMKM B MpoLecce CenekTUBHOMo
NIa3epHOro CrnaBfeHns

C uenbio MMHUMMU3ALUUWN BIIMSHUSA BHYTPEHHUX Hal'lpﬂ)KeHVIl‘;l Ha reoMeTputo, a Takxe

NS YBENIMYEHUs] TEXHONIOTMUYHOCTU Moc/eaytollelt MexaHoobpaboTkn 6bina paspaboTaHa
CAD Mogenb KonbLEBOW 3aroToBKM BKJlloUaloLel B cebs yeTbipe cerMeHTa (Puc. 6)

16



Puc.6. opa6oTaHHast CAD Moaesnb 3aroTOBKM CEFMEHTOB XKapoBoW TPy6bl.

3aroToBka 6blna M3roTOBEHa CeNEeKTUBHLIM Na3epPHbIM Cr/IaB/IEHNEM, MpOBEAEHa
TepMuyeckasi 06paboTka. MpOBEAEHHbIN aHaNU3 reoMeTPUYECKUX UCKAXKEHUN NMOATBEPANI
MO/IHOE COOTBETCTBME 3ar0TOBKM TPeGOBaHWUSIM KOHCTPYKTOPCKOW AOKyMeHTauum (Puc. 7).
Mocnepyowmm  TeXHOMOrMYeckMMM  onepaumamn  6bina MexaHoobpabotka
3MIEKTPO3PO3MOHHAs  pa3fenika Ha cermMeHTbl. MexaHoobpaboTka nposBoawnack Mo
CTaHAapTHOW TexHonoruu, ¢ noabopoM TBEPAOCM/IABHLIX PEXYLUMX MNAcTWH Ha OCHOBE
kapbuaa Bonbdpama C pas3nnyHbIM NPOLEHTHLIM COOTHOLIEHUEM cBsidytowlero (BK8, BK10,
BK10XOM), v onpeaeneHneM ONTUMasnbHOM CKOPOCTU MOAAYM PEXYLLEro UHCTPYMEHTa Ha
obpasuax pasnnuHbIX  KoHdUrypaumii. OkoHYaTesnbHas o06paboTka MNpou3BoaMsIach
pe3uamMu ¢ TBEPAOCMIaBHOM NnacTuHol Mapku BK8. KonuuecTBo WwindpoB nNpuMeHsieMoro
MHCTPYMEHTa M OCHAacTKu npu o6paboTke CHWXeHO Ha 11 eanHuu,.

Puc. 7. AHanuM3 reoMeTpuYecKuX OTKIIOHEHWI W3rOTOBMIEHHOW 3aroToBKM Mocie
TEPMUYECKON 06paboTKy.
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B HacTosillee BpeMsi NMpoBefeHbl CTEHAOBblE UCMbITaHWUSI CErMEHTOB XXapoBoW TPyObl
[TO-110 B cocTaBe OAHOrOPeNOYHOr0 OTCEeKa BedeTcs MoAroToBKa K HaTypHbIM
ncnbiTaHWsaM B coctaee m3genus (Puc. 8).

Puc. 8. MpenapupoBaHHbI cerMeHT nepes cOopKoii B OTCEK.

CpaBHWTENbHbIA @HanM3 TEXHONMOrMM MOJSlyYEeHWUs] 3aroTOBKW MyTEM MOC/OMHOro
Jla3epHOro CnnaBfeHWst MeTal/IYecKoro MopoLika C MocneayloLein MexaHoobpaboTku u
CTaHAAPTHOWM TEXHONOMMM U3rOTOBIEHMSI CErMEHTa >KapoBOM TPybbl M3 MpyTka TOYEHWEM
Ha obpabaTbiBalolWMX LieHTpax, MoKasan 3HayuTenbHoe cokpalleHue (bonee yem B 5 pas)
LUMKNa W3roTOBMEHWUS, COKpalleHWe HOMEHKNATypbl W WUCMOMb30BaHWS  pexyLlero
MHCTpYMeHTa, yBenundyenne KUM c 0,08 go 0,9. Mo pe3ynsTaTtaM 3KOHOMUYECKMX pacyeToB
cebecTonMoCTen feTanei, MNOoMyYeHHbIX CENEKTUBHBIM Nla3epHbIM CrJIaBNEHNEM HUXE Ha
26%.

THE INTRODUCTION OF ADDITIVE TECHNOLOGIES

Fedorov M.M., Fedoseev D.V.
"NPO" Saturn "

The introduction of additive technologies in production on "Saturn" began over a
decade ago, with the use of stereolithography in the manufacture of molds for investment
casting models made stereolithography models experienced parts for gas-dynamic and
hydraulic tests, etc. This will significantly reduce the time and cost of producing
components of gas turbine engines (the CCD) - no additional accessories required for the
manufacture of molds. In the 2000s, additive technology developed rapidly, took a long
time study of the equipment available on the market, and its technological capabilities. The
result was, a list of equipment that is needed "Saturn" for the comprehensive
implementation of additive technologies in production and experimental production of
details GTD. In 2014, the territory of the pilot plant "Saturn" was built production and
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laboratory building, in which an area of about 700 m2 situated Laboratory additive
technologies (hereinafter LAT) "Saturn”, where they were collected the most modern and
popular areas of additive technologies .

LAT "Saturn" is equipped with the following layered fusion process equipment:

- Installation of selective laser melting of metals EOS M280;

- Installation of selective laser melting of metals and ceramics sintering PHENIX
SYSTEMS PM250;

- Installation of selective laser sintering of polymer powder materials EOS EOSINT
P760;

- Installation of electron-beam weld metal ARCAM EBM A2;

- Set up a direct metal deposition OPTOMEC LENS 850R;

- Installation of stereolithography 3D SYSTEMS SLA 7000;

- Installation of stereolithography PM-350;

- 3D printer OBJET EDEN 350.

Practical application of additive technology in the manufacture of functional parts in
the "NPO" Saturn ", the example of the modified segment of the flame tube made of GTE
110 CoCrMo superalloy installation of selective laser melting EOS EOSINT M280. Parts
made by selective laser melting of the particulate material based on heat-resistant cobalt
alloys have excellent mechanical properties at high temperatures and have good wear
resistance and corrosion resistance. The starting material for the production of prototypes
and selected parts of the superalloy powder CoCrMo, the resulting gas atomization. The
chemical composition and particle size distribution of the test powder was determined
using a scanning electron microscope Inspect S50. Determination of mechanical properties
of the samples was carried out on an electromechanical machine to test short-term
strength of the Tinius Olsen (UK), roughness measurements, building profilograms surface
measurements made on the geometric parameters lezernom 3D microscope (LEXT 3D
MEASURING LASER MICROSCOPE) OLYMPUS OLS4000. Analysis was conducted on the
geometry of the parts-contact optical measuring system ATOS II SO. Search of optimum
parameters of the selective laser melting (laser power, the protective atmosphere, the
thickness of the powder layer, scanning speed, spot size of the laser, the distance between
adjacent vectors strategy type scanning), and prototyping of parts in a setup EOS EOSINT
M280.

Installation is equipped with fiber laser with a maximum output power of 400 W, a
wavelength of 1070 nm, the possibility of continuous operation, and the dual-axis
Coordinate Scanning Devices, which allows to vary the speed of the laser scanning study
(the scanning speed) c possibility of adjusting the diameter of the laser spot. The machine
has the ability to create a protecting atmosphere (argon, nitrogen and others.) And heating
of the working space to a temperature of 100 ° C. It has the work area 250x250x320 mm.

The results of particle size analysis showed that the test of the powder particle size
distribution corresponds to the normal law. The powder particles have a high sphericity
index and a low roughness value, it is necessary to apply a uniform and homogeneous
layer with the greatest possible packing density (Fig.1).

19



B i fimiivn Barnlin]
Elassat W% SON

Fig.1. The surface morphology and chemical composition of the powder particles
CoCrMo.

In optimal parameters were produced prototypes, a number of studies. The values of
dimensional accuracy, surface roughness, density of test samples. The prototypes have a
dense structure (Figure 2), pores and voids are practically absent, confirming the
correctness of the choice of optimal technological parameters of selective laser melting.

716/2014| HV |[magc=| WD | det [mode| ————40um—
3:32:34 PM|12.50 kV|2 500 x 10.1 mm|BSED|Z Cont
Fig. 2. Microstructure of prototypes

Analysis of the alloy after selective laser fusion showed that the alloy structure consists
of a supersaturated solid solution based on the low-temperature hexagonal and cubic
modifications high cobalt. Non-equilibrium structure of the alloy represented by
supersaturated solid solution on the basis of low-temperature hexagonal and cubic high-
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temperature modifications of cobalt, can be explained by a high rate of cooling in the
presence of alloying elements (chromium and molybdenum). After heat treatment in
vacuum dramatically changes the structure of the alloy, the internal stresses are removed.
The heat treatment leads to the formation of a three-phase structure of the alloy: the alloy
base, consisting of a solid solution of chromium and molybdenum in cobalt with a face-
centered cubic unit cell, and a composite carbide phase corresponding to a solid solution
based on hexagonal cobalt.

Figure 3 shows on ring samples outer diameter of 48 mm and a wall thickness of 4
mm, for the study on the effect of heat treatment on the internal stresses arising during
selective laser melting.

The first sample without heat treatment, a second sample was heat-treated for two
hours in vacuum. On the wall of the sample was made on EDM propyl installation (cutting
width 0.25 mm) in the direction of "growing." Samples clearly show any significant internal
stresses occur in the details obtained by selective laser fusion, and how it affects the
subsequent heat treatment on stress relief.

Mechanical characteristics of the samples studied are presented in Table 1.

Table 1.

Mechanical properties of samples made of CoCrMo selective laser fusion.
Characteristics The samples The samples after

without heat treatment | heat treatment

Op, KI/MM? 131,0 122,0
Oz, Kr/MM? 112,0 79,0
0, % 24,8 40,6
v, % 22,7 28,6

The specialists of JSC "NPO" Saturn "performed experimental work on the production
of modified segments of the flame tube GTD-110 from the perspective of superalloy
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CoCrMo by layering laser synthesis installation EOSINT M280 to conduct test bench of
experienced odnogorelochnogo compartment.

Manufacturing segment header pipe according to classical technology (turning from
bar) is sufficient time-consuming process. An alternative method of producing "a segment
of the flame tube" method of selective laser melting has reduced the production cycle and
reduce the complexity of subsequent machining.

An important factor is the choice of material. Earlier, the flame tube segments made of
a material with EP648 operating temperature 10000S. Manufacturing segment provides a
heat resistant alloy CoCrMo, which has better strength properties, high corrosion
resistance, and has a working temperature 11500S, potentially increase the resource to
allow parts of the combustion chamber or to reduce the costs of air for cooling the flame
tube and potentially increase up to 3% efficiency turbine engine.

In developed CAD model, optimized for the production of a selective laser fusion and
waste samples, optimal technological parameters of selective laser (Fig. 4) with the local
minimum necessary allowances for machining.

Fig. 4. Harvesting single segment produced by selective laser fusion of metal-powder
composition CoCrMo.

This option preform manufacturing segment did not satisfy the requirements for
geometric deviations (Fig. 5). The internal stresses arising in the manufacture of parts of
selective laser fusion, leading to warping manufactured blanks up to 0.5 mm.
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Fig. 5. Analysis of the geometrical deviations of a single segment of the workpiece
caused by internal stresses arising in the process of selective laser melting

To minimize the influence of the internal stresses on the geometry, as well as to
increase the processability subsequent machining was developed CAD model of the ring
blank includes four segments (Fig. 6)

Figure 6. Modified CAD Models blank header pipe segments.

The blank was made by selective laser fusion, thermal treatment carried out. The
analysis of geometric distortion has confirmed full compliance with the requirements of the
design documentation workpiece (Fig. 7). The subsequent process steps were machining
and EDM cutting into segments. Machining carried out by the standard technology, with
the selection of carbide inserts based on tungsten carbide with varying percentages of
binder (VK8, VK10, VK10HOM), and the determination of the optimal flow rate of the
cutting tool on samples of different configurations. Finishing made cutters with carbide
inserts VK8 brand. Number codes used tools and equipment during processing is reduced
by 11 units.

Fig. 7. Analysis of geometrical deviations preform after heat treatment.
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Currently conducted bench tests of the flame tube segments GTD-110 as part of one
of the burner compartment is preparing for full-scale tests as part of the product (Fig. 8).

Fig. 8. The prepared segment prior to assembly into the bay.

Comparative analysis of the technology of harvesting by layering laser alloying metal
powder with further machining, and standard technology for manufacturing segments
flame tube of bar turning machining centers, showed a significant reduction (more than 5
times) manufacturing cycle, reducing range and the use of cutting tools, increasing KIM
from 0.08 to 0.9. As a result of the economic calculation of the cost of parts produced by
selective laser fusion below 26%.

24



MPUMEHEHVE W NEPCNIEKTUBbI PASBUTHSI «MPSIMOTO NPON3BO/ICTBA» B
POCCUINCKOI NPOMBILLSTIEHHOCTH. OMNbIT ®rE0Y YFATY B OBJIACTH
AAANTUBHbBIX TEXHOJOT WA

CmupHos B.B., bapsanu B.B., JlagHos N.B
®rboY BMO «YdhuUMcKuii rocyaapcTBeHHbI aBMALMOHHbIN TEXHUYECKUIA
yHuBepcuter» (YFATY) Kacdeapa «MawmnH n TeXHONOruit AINTEHHOro
npoussopacTea» (MuTJIM)

Ha cerogHswHuit geHb B YTATY Ha kacdeape MuT/IN Begetcs akTuBHas pabota mno
0oTpaboTKe W BHEAPEHWUIO MPUHLMMOB «NPSIMOrO  aAAUTMBHOrO MPOM3BOACTBa»  AfNS
NONy4YeHUs CIOXHOMNPOMUIbHBIX TOHKOCTEHHBIX U3A4EeNNiA aBUALIMOHHOW NPOMbILLIIEHHOCTY.
CoTpyaHukammn kadeapbl 6b1m BbINOHEHbI PaboTbl MO MONYYEHUIO XapaKTePHbIX U3aenuii
Tuna «Jlonatka I'MA», «Kopnyc», «Matpybok» u ap. (Puc.8,9).

M3penne  "Kopnyc" (Puc.8a) nokasbiBaeT  TEXHOMOMMYECKYID  BO3MOXHOCTb
M3roToBneHnst OYHKLMOHANIbHOMO C/IOXHONPOMUIBHOIO, Pa3HOTONLUMHHOIO U3AeNus.

M3genne «Jlonatka [TA» (Puc.86) vMeeT KpalHe CNOXHYIO FeOMeTpuio 3a cuyeT
HanMuus pasBUTOW CETU TOHKUX KaHaNIOB OXNTaXAEHWS W BecbMa Masiol NpuBEAEHHOM
TOMWMHBI  CTEHKM, OAHAKO, npy nonyyYeHuu [aHHOro wu3penus  6bin nonyyed
MONOXUTENbHbIV pe3ynbTaT.

Puc.8. Pa3paboTaHHble 06beMHble MaTeMaTuyeckne mozenu aetanen «Kopnyc» (a) u
«JlonaTka 'TA» (6)
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Puc.9. Pa3pabotaHHas obbeMHas MaTeMaTuyeckas Moaens aetanu «Matpybok»

M3genne «Matpybok» (Puc.9) npeactaBnseT cobol MOMbITKY CO3AAHUS 3NeMeHTa
YNpOLLEHHOW BUOHWUYECKON NErkOBECHOW KOHCTPYKUMM C BHEAPEHHbIM B Teno u3aenus
y4yacTkoM TpybonpoBoaa ONTMMasbHOro ceyeHus.

Bo3moxxHocTn obopyaosaHus kadeapbl MuT/IM NO3BOASAIOT MOAy4aTb M3AeUs U3
TaKkUX MaTepuanoB Kak: HepXKaBerowas CTanb, HUKeNEeBble >XaponpouyHble CriaBbl TUNa
«Inconel», TuTaHoBble crnaebl TuNa BT 6. MuHWMManbHas BO3MOXHas TOMLIMHA CTEHKU
nsgenuii npy atom coctaensiet 0,35 Mm.

Kpome TOro, Ha kadenpe npoBoasTca paboTbl MO ONpPeAeneHnto MexaHUyecKux
CBOWCTB CTaHAApTHbIX 06pasuoB, MOSyYeHHbIX METOAOM MOC/IOMHOrO CUMHTE3a U3
MeTa/IMYECKMX NOPOLUKOB BblLEYKa3aHHbIX MaTepnanos.

MoaBoas utorm cnepyert ckasaTb, YTO HECMOTPS Ha BCE MPevMyLLecTBa aaAUTUBHbBIX
TEXHO/OMMN, CYLIeCTBYIOT [OBO/ILHO Cepbe3Hble NMpobnemMbl pa3BUTMS AaHHOW OTPaciu B
Poccun. Tak, obopyaoBaHue, paboTaiolee Ha nNpUHUMNAX MOC/IOMHOMO CUHTE3a,
npoussoauTca B ctpaHax Esponbl n CLUA, a OCHOBHYIO npubbifib KOMMaHWM UMEIOT He C
npoAaXxu camoro o6opyAoBaHKsl, a C NOCTAaBOK pacxofHbIX MaTepuanos Kk HeMy. B cBsizn ¢
3TMM OYEBWMAHO, YTO K/IOYEBOM 3afjaden 6nuxaniero BpeMeHu SIBNSieTcs co3daHue B
Poccun conyTCTBYIOWMX NPOM3BOACTB, BbIMYCKAIOWMX pacxoaHble paboyve matepuans ANns
aAAVTUBHBIX  MalWMH  KOHKYPEHTOCMOCOBHOro  KayectBa, C  LENbl0  OrpaHunyvTb
ncnonb3oBaHvWe 3apybexHblX MaTepuanoB, a Takke BeCTM paboTbl MO  CO3AaHMIO
COBCTBEHHOWM JIMHENKN HOBbIX aAAUTUBHbIX MaLLUUH.

[na  BHeApeHWS [aHHbIX TEXHOMOMMYECKUX MPUHLUMMOB  HEMOCPEACTBEHHO B
NPOMBILLSIEHHOE MPOU3BOACTBO MPEeACTABNASETCS HEOOXOAMMBbIM CO3AaHUE KOMMIEKCHBIX
YYaCTKOB MOC/IOMHOrO CWMHTE3a W3AENUM, BKIOYAIOWMIA MNOSHBIN LMK MPOM3BOACTBA: OT
MEeTa//IMYeCKUX  MOPOLIKOB WM MOSIMMEPHbIX  MaTepuanos [0  KOHKpeTHOro
paboTocrnocobHoro nsgenus.

26



EXPERIENCE OF ADDITIVE MANUFACTURING IN UFA STATE AVIATION
TECHNICAL UNIVERSITY
Smirnov V.V., Barzali V.V., Ladnov P.V.

To date, the Ural University is actively working on and implementation of the principles
of direct additive manufacturing for thin-walled composite products of the aviation
industry. Employees of the Department were carried out to obtain the characteristic
products of type "the Blade GTD”, "Corps", "Tube", etc. (Figure 8.9).

Product "Corps" (fig. 8A) shows the technological possibility of producing functional
hard profile, thickness of the product.

Product "GTD" Blade (fig. 8B) is extremely complex geometry due to the developed
network of thin cooling channels and a very low given wall thickness, however, upon
receipt of this product was obtained a positive result.

a b
Figure 8. The developed mathematical models of three-dimensional parts "Corps" (a)
and "The blade GTD" (b)

Fig. 9. mathematical model of volumetric details "Tube"

Product "Tube" (fig. 9) is an attempt to create a lightweight Bionic construction with
embedded in the body of the product pipeline plot optimum section.

Hardware capabilities of the Department to produce the products from materials such
as stainless steel, nickel-based heat-resistant alloys type Inconel, titanium alloys types WT
6. Minimum wall thickness possible products is 0.35 mm.

In addition, the Department provides the identification of mechanical properties of
standard specimens received by the layer of synthesis of metallic powders of the above
materials.
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Summing up, it should be said that in spite of all advantages of additive technologies,
there are serious problems of development of the industry in Russia. So, equipment
operating on the principles of the laminate synthesis is carried out in Europe and the
United States, and the main profit companies have not sold the equipment and
consumables supplies to it. In this regard, it is clear that a key task for the nearest time is
to create in Russia related industries producing consumable materials for additive machine
competitive quality, with a view to limiting the use of foreign materials and to work to
create their own range of new additive machines.

To embed data technological principles directly in manufacturing, it seems necessary
to create complex sites layer-wise synthesis products, including a full production cycle:
from powdered metal and polymeric materials to specific healthy products.

MHEBMOBAKYYMHDIii KOHLIEHTPATOP YXUAKOCTE

YepHbiwes A.B., Bopucos H0.A., Opnos C.A, Aipyua B.J1.
MITY uMm.baymana

KoHuUeHTpaTop »XMaKoCcTel npegHasHayeH A1 NOBbILEHWUS NMPOLEHTHOMO CoAepXaHust
nonesHoro BewectBa (AHK, BbICOKOMONEKYNSPHbIN COeANMHEHUI U T.4.) B obleM obbeme
npobbl. MpuHUMN AENCTBUS OCHOBaH Ha 3ddekTe MOBbILEHWUS CKOPOCTU MCMapeHus npu
YBEIMYEHUN TpagMeHTa KOHLUeHTpauun napa. [OTOK OuuMleHHOro BO3Ayxa Wau rasa
HanpaB/iSeTCa Yepe3 KosbLeBble KaHasibl B NPOBUpKy, TEM CaMbiM MHTEHCMBHO yAanss
napbl  XMAKOCTM  OT  MexdasHou
rpaHuLbl, @ MOSTlyYeHHas mnaporasoBas
CMeCb ypansietcas W3 YCTPOMCTBa.
YcraHoBka He TpebyeT ncnonb3oBaHus
okaToro rasa B 6annoHax, npwu
cobniogeHMn  npaBwn - 3KCNAyaTauuu

OTCYTCTBYET BEPOSTHOCTb
nepekpecTHoro 3arpsisHeHns
'- o6pa3uos.
MaTteHT: MwukpoynapusaTess,
N2149825P®, npuoputet oT
25.07.2014.
KoMmnnexkraums: ABTOHOMHOE

ucrnonb3oBaHMe WM Ha 6ase TBepAOTENbHOrO TEPMOCTaTUPYHOLEro YCTPOMCTBa Ans
noporpesa Npobupok;

MakcuMmanbHas notpebnsemass MOLWHOCTb: [1py aBTOHOMHOM WCMO/b30BAHUM
100BT; MNpw ncnonb3osaHun ¢ TepMoctatom 500BT (C y4eToM MOLLHOCTH TepMocTaTa);

BmectumocTb: 16 npobupok

06beM npobupok: 2mn

ra6bapurbl: 255MM*170mMmM*110Mm  6e3 Tepmoctata u  255mMM*170MmM*180MM  C
TepmocTaToM;
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PNEUMATIC VACUUM CONCENTRATOR LIQUIDS

Y.A. Borisov, A.V. Chernyshov, S.A. Orlov, V.L. Drutsa;
Bauman MSTU

Description of the development: The concentrator is intended to increase the liquids
percentage of useful substance (DNA, high molecular weight compounds, etc.) in a total
volume sample. The principle of action is based on the effect of raising the rate of
evaporation when increases gradient the vapor concentration. The flow of purified air or
gas is directed through channels in a circular tube, thereby rapidly removing the vapors
from the liquid phase boundary and the resulting steam-gas mixture is removed from the
device. The device does not require the use of compressed bottled gas, in compliance with
the rules of operation there is no possibility of cross contamination of samples.

YCTAHOBKA BAKYYMHOW CENAPALIUM PACTBOPOB AIHK

YepHbiwes A.B., Myrauyk A.C.
MITY uMm.baymana

YcTaHoBKa npefgHa3HayeHa Ans  npoBedeHVs  3Tana  npobonoaroToBkM — npu
unccnegosaHun  AHK  metogom MMUP. Bbigenenve [OHK 13 nepBMYHOro pacteopa
NpoM3BOAUTCS C MOMOLLBIO CBSi3biBaHWsA Monekyn [OHK Ha nopowke copbeHTa B paboumx
AYelkax ycTaHoBku. Mpu paboTe MMeeTCs BO3MOXHOCTb PeryfiMpoBKM MOTOKa pabouyein
cpeabl UM paBneHust B pabodyelt nomnoct. MMeeTcsi BO3MOXHOCTb  MCMOJSIb30BaHUSA
Bk ¥ PasnuyHbIX MMaHWeToB copbummn no
. obbeMy M KOMMYECTBY  SiYeeK.
YcTaHoBka MobunbHa, 3awmuieHa
nateHToMm Poccuiickon depepaumu.
Pabora npoBegeHa Ha OCHOBe
rocyAapCcTBEHHOro KOHTpakta P®
N2114103050023 ot 30.10.2014 un
npu noaaepxke ®oHaa coaencTeus

pasBuTUIO ManbIx opm
npeanpusTUin B Hay4Ho-
TEXHUYECKOM cdepe.

TexHnYeckme XxapaKTepUCTUKK:
labaputel 400x300x230, macca 8,5
Kr, TpebyeMoe HanpskeHvue ceTu
220 B. KonwuuyectBo npob: 1-96,
obbeM npob 0,5-2 MKkn, BpeMsi NoAroToBkM npob 25-35 MuH. [uanasoH AaBneHwuli B
paboyeit nonoctu: 0,5-1 6ap.
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INSTALLATION OF VACUUM SEPARATION OF DNA SOLUTIONS

Pugachuk A.S., Chernyshev A.V.
Bauman MSTU

Installation is intended for carrying out a stage of sample preparation at research DNA
by the PCR method. Extraction of DNA from primary solution is made by means of binding
of molecules of DNA on sorbent powder in working cells of installation. During the work
there is a possibility of adjustment of a stream of a working environment and pressure in
working area. There is a possibility of use of various devices of sorption on the volume and
quantity of cells. Installation is mobile, protected by the patent of the Russian Federation.
Work is carried out on the basis of the state contract Russian Federation No.
114103050023 of 30.10.2014 with assistance of Fund of assistance to development of
small forms of the enterprises in the scientific and technical sphere.

PA3PABOTKA TEXHOJIOTMW N3rOTOBJIEHMSI MAJIOTABAPUTHbBIX U3AENWNIA
U3 METAJJTMMECKNX N KEPAMUYECKUX MOPOLLUKOB METOZ1OM
CEJIEKTUBHOIO JIABEPHOIO CNEKAHUSA/MJTIABNIEHUSA HA YCTAHOBKE PM-250

A.T.H. PycuH M.HO,, A.1.H. Cy3pansbues E.WU., 3aiiueB B.C.
OAO "O6HMHCKOE Hay4YHO-NpOU3BOACTBEHHOE npeanpusaTue "TexHonorunsa", r.
06HuHCcK Kanyxckoii 06n., Poccus

B paHHOW cTaTbe paccMOTpeHa BO3MOXHOCTb — M3rOTOBMIEHUS|  u3genuid U3
meTannunyeckoro mnopowka CoCr Ha ycraHoBke PM-250, npeacTaBneHbl pesynbTaThl
aHanM3a KepamMm4ecknx MOopoLLKOB A1 OrpeaAesieHnsl BO3MOXHOCTU UX WUCMOJSIb30BaHUS B
KayecTBe MaTepuana N8  M3rOTOBNEHWUS  M34ENWiA, NpeAcTaB/eHbl  pe3ynbTaTbl
opMupoBaHMs  MepBOro  CNOSi  KepaMMYeckux  MOPOLWKOB  (KBapueBblih U
CTEK/IOKEPAMUYECKUI) Ha MIUTE CMeKaHUs MpU PasfINyHbIX TEXHONOMMYECKMX NnapameTpax,
nccnegoBaHa BO3MOXHOCTb  CMEKaHWsA  nas3epoM  ycTaHoBku PM-250 BepxHMX crnoes
Kepamuyecknx obpasuoB, vccnefoBaHa BO3MOXHOCTb MCMOMb30BaHWSA asepa yCTaHOBKU
[NS pe3KM KepaMUyecKux usaenun.

THE DEVELOPMENT OF MANUFACTURING TECHNOLOGY SMALL-SIZED
PRODUCTS FROM METAL AND CERAMIC POWDERS BY SELECTIVE LASER
SINTERING/MELTING AT THE PM-250 MACHINE

Rusin M.Y., Suzdaltsev E.I., Zaitcev V.S.
JSC "Obninsk Research and Production Enterprise” Technology ", Obninsk,
Kaluga region., Russia

In this article, the possibility of manufacture of products from CoCr metal powder on
PM-250 machine was considered, presents the results of analysis of ceramic powders to
determine the possibility of use them as a material for the manufacture of products,
presents the results of creating a first powder bed from ceramic powders (quartz and
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glass) on the sintering plate at various process parameters, investigated the possibility of
laser sintering of the upper layers of the ceramic samples on PM-250 machine, investigated
the possibility of using a PM-250 machine laser for cutting ceramic products.

AAANTUBHbBIE TEXHOJIOTMU HA BA3E KOMNMO3ULUMOHHbIX MOPOLLKOBbIX
MATEPWANOB

OpbiweHko A.C., FopbiHuH U.B., Ky3Heuos N.A., TeneHkoB A.U., CaBuH B.U.,
Bo6bipb B.B.
Poccus, Cankr-Metepbypr, ®ryn «LUHUN KM «IMpomeTein»

MNpeacTaBneHbl BO3MOXHOCTU MPUMEHEHUS NEPCNeKTUBHbLIX aAAUTUBHBLIX TEXHONOrniA
06beMHOM na3epH0|7| HannaBKnN U CENEKTUBHONO J1la3epHOro cnekaHmsa B MallMHOCTPOEHUN
C Uenblo Co3faHusa  AeTanen  CoXHOM CbOprI N BOCCT@QHOBUTEJIbHOIO PEMOHTa
M3HOLIEHHbIX  3MIEMEHTOB  U3AENUiA Pa3/IMYHOro  HasHayeHunsa U3  MeTalIM4YecKnx
MOPOLLUKOBbLIX MaTepuasnoB. [loka3aHbl BO3MOXHOCTU TEXHOMOMMYECKOM LiernoYku oT
NpOU3BOACTBa MeTa/VIN4eCKMUX MOPOLIKOB A0 CO34aHUA rOTOBbIX I'IOKprTIAf;I N “3genvin Ha
6a3e egnHOro KOMMNeKkca.
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ADDITIVE TECHNOLOGY BASED ON THE COMPOSITE POWDER MATERIALS

Oryschenko A.S., Gorynin I.V., Kuznetcov P.A.,
Telenkov A.IL., Savin V.I., Bobyr V.V.
Russia, St. Petersburg, Federal State Unitary Enterprise "Central Research
Institute” Prometey "

Possibilities of using in engineering the advanced additive technology of volumetric
laser cladding and selective laser sintering for complex parts creating and worn elements
reconditioning of various purposes products from metal powder materials are presented.

The possibilities of the technological chain from production of metal powders to
finished coatings and products creating based on a single set.

OBOPY[JOBAHUE U TEXHOJIOIMSi BbICOKOCKOPOCTHOIO nPsiMoro
JNNASEPHOTI O BbIPALUMBAHUA U3AEJIUN U3 METAJIJTUMECKUX MATEPUAJIOB

TypwnumH I'.A., 3emnsaxos E.B.
"CaHkT-lMeTep6yprckmit nonutexHunueckunii ynmsepcuret Merpa Bennkoro"

CnoxHble KOHCTPYKTMBHblE 3/1eMeHTbl, obecneumsaiowme Tpebyemble rmapo- u
rasogMHaMMyeckne XapakTepucTuUKWM, W3roTaBnMBalOTCA METOAOM MPSMOro na3epHoro
BblpalwmBaHusa. OCHOBA, BbLIMOHAIOWASA PO/b HeCylen KOHCTPYKUMKM, OTHOCUTEBHO
HECN0XHas Mo reoMeTpun, N3roTaBIMBAETCS METOAOM JINTbS.

Mpn TakoM MOAXOAE COXPaHSIOTCS MPeUMyLLecTBa JIMTEWHOW TEXHONOrUM, B MEpBYIO
ouepeab HafEXHOCTb, M TEXHOMOMMM MPSIMOrO Na3epHOro BblIpalMBaHWS, KOrAa MOXHO
6bICTPO  BbIPACTUTL N6y reoMeTpuio u3genusi 6e3 OorpaHuMYyeHns M MakCMManbHO
BOMIOTUTb 3aMbIC/bl KOHCTPYKTOPOB. Mcnonb3oBaHWe KOMOWHWPOBAHHOW TEXHOMOMMM Ha
OCHOBE IMTbS M MPSAMOro Na3epHOro BblpaLLMBAHMS MO3BONSET AOMOSHUTENBHO NOBbLICUTH
NpOU3BOAUTENBHOCTb M3rOTOBMIEHUSI CITIOXHOMPOMUIBLHBIX KOHCTPYKUMM B 2-3 pasa npu
COXpaHEeHWN 3af@aHHbIX IKCMJTyaTaLUUOHHbBIX CBOWCTB.

YCTaHOBNEHO, YTO CTPYKTypa SIMTOro Matepuana u matepuana BblpalleHHON YacTu npu
npasuibHOM BbibOpe pexuma BblpalwmBaHWsa CnocobHbl obecneunTtb opMUMpoBaHWe
nepexoAHON 30HbI C 3aAaHHbIMK CBOMCTBaMU. B nepexoaHoi 30He M B 30He BblpalLMBaHus,
KaK MoKasblBalOT 3KCMEPUMEHTbI, COXPAHSIETCS TaKXKe XapaKTepHbIM pa3Mep CTPYKTYPHbIX
3NEMEHTOB, OMpeaenseMblii pa3mepamMu 4YacTuy nopowka. [pu 3TOM MNOPUCTOCTb B
nepexoaHoN W BblpalleHHOM YacTax He npeBbiwaeT 1%.

HIGH-SPEED LASER TECHNOLOGY CULTIVATION OF ENGINE COMPONENTS

Turichin G., Zemlyakov E.
"St. Petersburg Polytechnic University named after Peter the Great"

Complex structural elements whitch ensure the required hydraulic and hydrodynamic

characteristics, are manufactured by direct laser cultivation. The foundation performs the
role of a supporting structure, relatively simple geometry, is manufactured by casting.
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Such an approach benefits remain foundry technology, primarily reliability, and direct
laser technology of cultivation, when you can quickly grow any geometry of the product
without limitations and maximum embody ideas of designers. The use of combination
technology based on injection moulding and cultivation of direct laser makes it possible to
improve the performance of manufacturing composite structures in 2-3 times when you
save the specified performance level.

Found that the structure of the cast material and material cultivated parts with the
right growing regime capable of forming a transition zone with the specified properties. In
the transitional zone and in the zone of cultivation, as shown by experiments, there is also
the characteristic structural elements of size determined by the sizes of particles of a
powder. While porosity in the transitional and cultivated parts does not exceed 1%.

META/IJZIONOPOLLUKOBbIE KOMMNO3MLUNWN ANna AALANTUBHOIO NPOU3BOACTBA

Kopones B.A.
oryn «<BUAM»

OnHWM U3 yCnoBuiA, 0becneunBalolLMX LWMPOKOe BHEAPEHUE afAUTUBHBIX TEXHOMOMMi
B POCCUWACKYIO MPOMbILINIEHHOCTb, SIB/SETCS MCMOJSb30BaHWE OTEYECTBEHHbIX MaTepuasnos.
Co3paHue HOBbIX MaTepuanosB ANA aaAUTUBHOIO MPOM3BOACTBA 3aK/OYAETCA HEe TONMbKO B
pa3paboTke TEXHONOMMM W3rOTOBMEHUS MOPOLIKOBLIX KOMMO3WUMA, HO M B noabope
napaMeTpoB CMHTE3a M MocTobpaboTku, obecrneumBatowmx TpebyeMoe Ka4yecTBO AeTaneu.
B obnactn apautusHoro npoussogctsa OryYM «BWAM» obnapgaer KOMNETEHUMSIMU MO
pa3paboTke TEXHOMOMMIN U3rOTOB/IEHWSI METAINIONOPOLLKOBbLIX KOMMO3ULIMA, CENEKTUBHOMO
Nla3epHOro Cr/IaBieHNs, ropsivyei M30CTaTUYecKo M TepMmmudeckoir 06paboTky, a Takxe
obuwen keanudbukaummn (nacnoptusaumm) matepuanos. Ha 6aze ®ryrn «BUAM» cospaHo
aAaMTVBHOE MPOW3BOACTBO MOJIHOMO LMKNA, BKITHOYAIOLLEE BbiMN/IaBKy LUMXTOBON 3aroTOBKYM,
nosly4YeHne NOopoLLIKOB CMaBOB METOAOM aTOMMU3auuK, rasoAMHaMUYEcKylo cenapaumio u
pacceB, CeNnekTVBHOE JNla3epHOe CrnjaBfeHue, rasoCTaTUYecKyld MW TepMUYECcKyio
06paboTKy, MCNbITAHNS U KOHTPOSIb.

METAL POWDER COMPOSITIONS FOR ADDITIVE MANUFACTURING

Korolev V.A.
Federal State Unitary Enterprise VIAM

One of the conditions for a broad introduction of additive technologies to the Russian
industry is the use of local materials. The creation of new materials for additive
manufacturing is not only the development of technology of powder compositions, but also
in the selection of synthesis parameters and post-processing, providing the required quality
parts. In the additive manufacturing FSUE "VIAM" has the competence to develop
technologies to manufacture metal-powder composition, selective laser melting, HIP and
heat treatment and qualification (certification) materials. On the base of FSUE "VIAM" was
created full-cycle additive manufacturing, including smelting alloys, producing powders by
atomization, gas-dynamic separation and sieving, selective laser melting, HIP and heat
treatment, testing and control.
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