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Bcepoccuickuii Hay4YHO-UCCNeJ0BaTENbCKUIA MHCTUTYT

“ y aBUALMOHHbIX MaTepHanos

HUL «KYPYATOBCKUA
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rOCYOAPCTBEHHbIN
HAYYHbIV LIEHTP

# PeanunayeT NonHbI MHHOBALMOHHBIV UMKN — OT (hyHAAMEHTaNbHBIX U NPUKNAAHLIX UCCNefoBaHWUIA A0 CO3AAHUA BbICOKOTEXHONOM Y-
HbIX HAYKOEMKMX NPON3BOACTB MO BbINYCKY MaTepuasioB HOBOrO MOKONEHUs, nonyhabpukaToB 1 YHUKaNbHOro TEXHONOMMHYeCcKoro
obopynoBaHus.

W PaspabatbiBaeT v NocTaenser LUMPOKYI0 HOMEeHKNAaTypy MeTan/IMYecknx 1 HeMeTanIM4ecknux MmaTepuasos, NOKPLITUIA, TEXHOMOMM-
YeCcKMX NPoLLeccoB 1 060pyLOBaHMS, METOLOB 1 CPEACTB 3almThl OT KOPPO3UOHHBIX MNOPAXKEHWU 1 GUOMNOBPEXAEHUA C BOSMOXHO-
CTbIO OCYLLECTBNEHNSA NOCTaBKN Npoaykummn nod koutponem BIM MO P®.

Ha ocHoBaHumn opgo6peHHoro MpeauperTom Poccuiickom 2 5 BbicORaTexHOlIONIE LA

®epepauuu B.B. MyTuUHbIM NpUHLMNAa CO3paHUs OTpacny it S5 LA el n s SO L s

ManoTOHHaXHbIX NPOU3BOACTE B MaTepuanoBsenvyeckKkux 2 5 3 HaMeHOBaHMii MaTepuanos

HWW u MHU B HAL «Kyp4aToBckuin nHctutyT» — BUAM coapaHo: 1 nonycha6pukaTos

UCNbITATENIbHbIW LLEEHTP

W Bknioyaet 19 KOMNNEKCOB YHUKaNbHOW CTEHAOBOM U UCMbITATeNbHON 6a3bl.
# Mpoeogut 6onee 1000 BUAOB MccnedoBaHuUiA U ucnbiTaHuii Ha 1100 eguHULAX UCCnenoBaTesIbCKoro U UCTbITaTeNbHOro 060pyAoBaHUSA.

# AKKpeOuTOBaH B Ka4ecTBe TEXHUHECKM KOMMNETEHTHOro LeHTpa PocaBuauwven, Pocakkpeauraumein, POCCUIMCKUM MOPCKUM permcTpom
cynoxoactea, Gunuanom OrbY «46 LIHWW» MuHo6opoHsl Poccum, npuaHaH komnanmern Snecma rpynnsl SAFRAN.

# BknioyeH B MeXayHapoaHYlo CeTb CTaHUMIA KnumaTtudeckmx ucnbitanmin Atlas Material Testing Technology LLC.

HaymoHansHaa
cucrema £
gucres > SAFRAN BATLAS I
‘ HAPACTRY! Shecma .
° o
YNbAHOBCKNIA Hay4YHO-TeXHONorn4eckun ueHTp BUAM ~ 2“ Paspa6oTka TexHoNorui 1 nponsBofCcTBO
HUL «Kyp4aToBCKUN MHCTUTYT» ?n.'l nonydgabpukatos v nsgenuii na NMNKM.

EAvHCTBEHHBIV B POCCUM COOTBETCTBYIOLMIA MEXAYHAPOAHBIM
cTaHgapTam LUEHTP KNMMaTUHeCKVUX UCTbITaHWn MaTepuasnos,
CPEeACTB 3aLUTbl OT KOPPO3UK, CTApPEeHUsi U BUOMNOBPEXAEHNA

NP1 OAHOBPEMEHHOM BO3[ENCTBUW HArpy30K 1 KOPPO3UOHHOW cpedbl.

Paspa6oTka TEXHONOrMin 1 NPOM3BOACTBO GepUNNnncopepx aLLmnx
CMNaBoB, NONMMMEpPHbIX CBA3YIOLLUMX, NPenperos, MaTepuarnos
ANs 6e33X0BbIX Kamep.

Poccusq, 105005, r. MockBa, yn. Paguwo, a. 17 E-mail: admin@viam.ru
TenechoH: +7 (499) 261-86-77, chakc: +7 (499) 267-86-09 www.viam.ru
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Scientific article

THE DEVELOPMENT AND. INTRODUCTION INTO SERIAL
PRODUCTION OF THE NEW SUPERALLOY VZhL125
FOR THE ADVANCED AVIATION ENGINES VANES

P.G. Mint, V.E. VadeeV!

'Federal State Unitary Enterprise ACm-Russian Scientific-Research Ingtitute of Cxkevkqp'OcvgtkenuC of National
Tgugctej'Egpvgt'AMwte j cvgx'KpukwwgC. Moscow, Russia; admin@viam.ru

Abstract. The new nickel-based superalloy VZhL125 and technology of its manufacturing for
casting the vane blocks of innovative turbine engines, including the PD-8 engine, have been de-
veloped in Kurchatov Institute Research Center VIAM. The developed alloy has an advantage
over the foreign analogue Rene 125 and domestic alloys of a similar purpose in terms of me-
chanical properties and stress rupture. The quality of VZhL125 alloy in terms of stability of the
chemical composition, the level of harmful impurities, gases and mechanical properties in not
worse than the quality of the Rene 347" cma{" rtqfwegf'd{"yqtrFiu'ngcfkpi"ocpwhcevwtgt'T Can-
non-Muskegon Cor por ation.

Keywords. cast superalloy, hafnium, ligature, microstructure, impurities, phase stability,
rupture, mechanical properties

For citation: Min P.G., Vadeev V.E. The development and introduction into serial production of the new
superalloy VZhL125 for the advanced aviation engines vanes. Aviation materials and technologies, 2023,
no. 1 (70), paper no. 01. Available at: http://www.jornal.viam.ru. DOI: 10.18577/2713-0193-2023-0-1-3-16.
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INVESTIGATION OF THE STRUCTURE AND PROPERTIES
OF DIFFUSION LAYERS AFTER BORIDING HIGH NITROGEN STEELS

G.S Sevalnev', K.V. Dulnev', 1.0. Bannykh?, AA. Krasulya®, SG. Tsikh®, E.I. Lukin®

'Federal State Unitary Enterprise ACm-Russian Scientific-Tgugctej" kpukawg' gh" Cxkevkgp” OcvgtkenuC of National
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3Termohim LLC, Moscow, Russia; info@termohim.com

Abstract. Metallography and wear tests of samples of economically alloyed high-nitrogen
steels with various concentrations of nitrogen and chromium after diffusion saturation of the
surface with boron were carried out and studied in this article. The structure and phase compo-
sition of diffusion layers after boriding and hardening heat treatment were investigated. It has
been determined that the structure of the diffusion layers consists of FeB and Fe,B borides, as
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well as Cr,(C, N) and (Cr, Fe)B, phases. According to the results of wear tests under conditions
of dry dliding friction, it was found that after chemical heat treatment and subsequent heat
treatment the wear rate of samples decreases by half, and the friction coefficient is more stable
on borided samples containing 5 % (mass) Cromium and 0,24 % (mass) Nitrogen.

Keywords: high nitrogen steels, friction, chemical heat treatment, boriding, wear resistance,
hardness, microstructure

For citation: Sevalnev G.S., Dulnev K.V., Bannykh I.O., Krasulya A.A., Tsikh S.G., Lukin E.|. Investigation
of the structure and properties of diffusion layers after boriding high nitrogen steels. Aviation materials
and technologies, 2023, no. 1(70), paper no. 02. Available at: http://www.jorna.viam.ru.. DOI:
10.18577/2713-0193-2023-0-1-17-29.
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SINGLE CRYSTALS OF NICKEL-BASED SUPERALLOYS ALLOYED
WITH RHENIUM AND RUTHENIUM (review). Part 1

I.L. Svetlov', N.V. Petrushin®, A.l. Epishin®, M.M. Karashaew', E.S Elyutin®

'Federal State Unitary Enterprise ACm-Russian Scientific-Tgugctej" kpukwwg' gh' Cxkevkgp' OcvgtkenuG of
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*Merzhanov Institute of Structural Macrokinetics and Materials Science RAS, Chernogolovka, Moscow
region, Russia; isman@ism.ac.ru

Abstract. Analysis of scientific and technical literature data on the influence of rhenium and
ruthenium on mechanical properties of single crystals of nickel-based superalloys (NBS) has
been carried out. The deformation mechanisms operating in NBS under the conditions of short-
vgto" vgpukap" cpf" etggr” kp" vjg"' vgorgtewtg” tepig” itgo” 822" E"vg" ugnkfwu" vgorgtewtg” ctg"
considered. It has been found that rhenium increases the high-temperature long-term creep
strength of nickel-dcugf'uwrgtemg{u"cv'c'ujgtv"*wr'vg" 322" J"cv'c"vgorgtewtg'gh' 3322 E+"vguv"
duration, but at the same time destabilizes the phase structure of the alloys, initiating the
formation of topologically close-packed (TCP) phases. The addition of ruthenium increases the
phase stability of rhenium-containing NBS, slowing down the precipitation rate of TCP-phases.

Keywords: nickel-based superalloys, single crystals, mechanical properties, long-term
strength, deformation mechanisms, TCP-phases, rhenium, ruthenium
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Abstract. Possihilities of increasing the operating temperature and heat resistance charac-
vgtkuvkeu"gh"ogvcuvcdng” -titanium alloys has been considered. Complex studies of technological,
ogejcpkecncpf' grgtevkgpen” rtqrgtkgu” gh'vjg' ogvcuvedng” -titanium alloy VT47 with yttrium
and silicon addition has been carried out. Metallographic studies have shown the presence of
complex compounds based on titanium, silicon and zirconium in the structure of fine particles.
It is'shown that silicon alloying of the VT47 alloy provides a high level of sheet stampability in
VJg" -quenched state, and a high level of mechanical and operational properties after strength-
ening heat treatment.
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Scientific article

SCHEME FOR THE DEVELOPMENT AND EVALUATION OF PROPERTIES
OF STRUCTURAL AVIATION COMPOSITE MATERIALS

V.S Erasov', |.G. Sbhayev'

Federal State Unitary Enterprise ACm-Russian Scientific-Research Institute of Aviation OcvgtkcnuG of National
Tgugctej'Egpvgt"AMwte j cvgx KpuvkwwgC. Moscow, Russia; admin@viam.ru

Abstract. Based on the knowledge of the phase and chemical elemental composition, , struc-
ture, physical and mechanical properties of reinforcing fillers, matrices, interfacial layers, a
scheme for the development and evaluation of the properties of structural aviation composite
materials is proposed. The chemical elemental composition, structure, physical and mechanical
properties of the best reinforcing fillers and matrices for the development of new materials tak-
ing into account their properties are considered. The possibility of planning and calculating the
strength properties of reinforcing fillers, matrices, interfacial layers and composite materials
based on their elemental chemical composition is shown.

Keywords: reinforcing filler, matrix, interfacial layer, composite material, carbon, boron,
silicon, metal alloy, polymer, fibers

For citation: Erasov V.S., Sibayev |.G. Scheme for the development and evaluation of properties of structur-
a aviation composite materials. Aviation materials and technologies, 2023, no. 1 (70), paper no. 05. Availa-
ble at: http://www.jornal.viam.ru. DOI: 10.18577/2713-0193-2023-0-1-61-81.
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Scientific article

TECHNOLOGICAL FEATURES OF MANUFACTURING
POLYMER COMPOSITE MATERIALS
OF MAIN ROTOR BLADES FOR A LIGHT HELICOPTER

V.1. Postnov!, E.A. Veshkin®, K.V. Makrushin®, Yu.l. Sudin®
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Abstract. The manufacturing technology of the main rotor blades of a light helicopter is de-
scribed and'substantiates the advantages of using composite materials for the manufacture of
helicopter blades. The main elements of original design of the blade from composite materials,
the characteristics of technological equipment, the most important operations of the technol ogi-
cal_process are shown. For the manufacture of the main power element of the blade, which is
the spar, a schematic diagram of the layout of two separate preparations, recruited from pre-
preg layers, has been selected. A molding method using an elastic press chamber inflated with
compressed air is proposed.
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RESEARCH OF FILM-FORMING PARAMETERS AND PROTECTIVE
RTQRGTVKGU"QH"EDCUGEQCVIENGCTEQCVN"'U[LUVGO"HQT"RCKPVKP 1"
THE EXTERNAL<SURFACE OF AIRCRAFT

A.S Serdtselyubova’, Yu.l. Merkulova', A.G. Zagora', E.V. Kurshev*

'Federa State Unitary Enterprise ACm-Russian Scientific-Tgugctej" Kpukwwg' gh' Cxkevkgp' OcvgtkenuG
gh"Pckgpen™Tgugctej "Egpvgt"AMwte j cvgx'KpuvkwwgG. Moscow, Russia; admin@viam.ru

Abstract. Vjg'ctikeng"ku" Fgxqug F'vg"c"pgy " Fgxgnqrgf'DdcugeqeviengcteqevN'u{wgo for protec-
tive and decor ative painting of the external surface of an aircraft. The results of the study of the
degree of curing of polymer films, the study of weight loss during thermal destruction are pre-
sented. The level of resistance of coatings to the effects of atmospheric factors is estimated. The
results of a study of the electrochemical properties of coatings, as well as the results of an anal-
ysis of the microstructure and surface relief of the devel oped coatings are also presented.

Keywords. protective coatings, weather resistant coatings, UV-resistance, base-
coat/clearcoat system, fluoropolyurethane varnishes, aviation materials
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