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COBPEMEHHbBIM KOHCTPYKLIUAAM - NEPCMEKTUBHDIE
MATEPWUA/JIbI U TEXHOJIOTUU
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MNpu noppepxke TonaMBHOW KomnaHuu "TBIJ1' Ha 6a3e nepefoBbiX MHHOBALMOHHbIX pa3paboTok
B AO "BHUMHM wum. A.A.boyBapa" co3paeTcs COBpPeMEHHOe MPOMbILIEHHOEe MPOU3BOACTBO
pYHKUMOHaNbHbIX HAHOCTPYKTYPUPOBAHHbIX MOKPbITUMA C WCNO/b30BaHUWEM LUMPOKOro CrekTpa
MaTepuasnioB, TEXHOJIOTUA U O6OpyAOBaHUSA A8 UX HaHeceHUsi. COBpPeMEeHHbI TeXHOJIOrM4Yeckum
KOMIMJ/1IeKC MPU3BaH CTaTb OAHMM U3 6a30BbiX 3/IEMEHTOB MOBbIlWEHUS 3PPEKTUBHOCTU, HAZAEXKHOCTU
M pacliMpeHus 3KCrJlyaTauMOHHbIX BO3MOXHOCTEM NpoayKuuu Ans npombiwieHHocTn. BHUUHM
ycnewHo apanTupyeT "BOEHHble" TexXHoJoruM MoauduKauumM MOoBEpXHOCTer MaTepuasnoB Ans
rpaxpaaHckon otpacin. CoBpeMeHHble MOKPbITUS MOFYT pellaTb caMble pasHble 3a4ayu: genatb 6onee
NMpoOYHbIM U AONTOBEYHbIM O60pyAoBaHUue ansa Aobblun HepTH M rasa, "3aseymeaTb paHbl" Ha geTansax
CaMo/1eTOB, Y/ly4LlaTh Ka4eCTBO 3HA,0MPOTE30B...

Supported by the TVEL Fuel Company and based on the cutting-edge innovations, Bochvar
High-technology Research Institute of Inorganic Materials (VNIINM) is setting up the up-to-
date industrial production of functional nanostructured coatings with a wide range of
materials, technologies and equipment for applying them. Modern technologies should
become one of the basic elements to improve efficiency and reliability as well as expand the
operational capabilities of products for industry. VNIINM successfully adapts the "military”
technologies designed to surface to modify material surfaces for the civil sector. Modern
coatings can solve a variety of tasks, e.g. make the oil and gas equipment stronger and more
durable, ‘heal the wounds’ on the details of the aircraft and improve the quality of implants...

aubosee cmabblM 3BeHOM CHCTeMBI "'MaTe-

puas - pabouas cpena”, onpenensOUIUM JOIY-

CTHMBIE yC/IOBHU S 3KCIIIyaTalluH K pecypc BceH
CUCTeMBI, SIBJISeTCS [IOBePXHOCTh MaTepHalia, 4To
npenompesesnseT BICOKYIO 3HAUYUMMOCTh pa3paboTku
METO/I0B M TeXHOJIOTUH MOAUGHUKAIIMU ITI0BEPXHOCT-
HBIX cj10eB usgenuu. CaMmbeiM 3G PeKTUBHBIM MeTO-
JIOM HaIlpaBJeHHON MOAUPUKAL NN IIOBEPXHOCTHU
MaTepHajla gB/IgeTCs HaHeceHHe QyHKIMOHAIbHBIX
TIOKPBITUM.

B Hacrtosmee Bpemss BHHUHMHM saBisieTcss ofHUM
W3 INAEepPOB B PocCHU U B MHPe B 00/1aCTH HaHeCeHH sI
3aMIUTHBIX U QYHKLIMOHAIBHBIX IOKPBITUI MIHPOKOU
chepsl IPpUMeHEeHHU I C UCIIOJIb30BAHUEM Pa3/IMYHBIX
TeXHOJOTMYeCKUX IIPOLIeCCOB, KOTOPhIe II03BOISIOT
BBIITYCKATh M3/I€/IM 1 HOBOI'O IIOKOJIEHU S C paKa/IbHO
y1y4IleHHBIM COOTHOLIeHHEeM 'TleHa/KauecTBo'.

Ha 6a3e nepeoBbIX HHHOBALIMOHHBIX Pa3paboTox
BHHHWHM, He UMeOIIUX OTeYeCTBeHHBIX aHAJIOT OB,

Co3JaeTCs COBpeMeHHOe IIPOMBILIIEHHOe IIPOMU3BOJ-
CTBO PYHKLIMOHAJIBHBIX HAHOCTPYKTYPHUPOBAHHBIX
MOKPBITUH C UCIIOIb30BAaHHEM LIHPOKOIO CIIeKTpa
MaTepHaoB, TeXHOJIOTUI U 060pyAOBAHUS AJIS UX
HaHeceHHs. Co3JaBaeMBblll TeXHOJOTHUECKUH KOM-
IIJIEKC CTAHeT OLHUM K3 6a30BbIX 37IeMEHTOB BO3PO3K-
JeHHs OTeYeCTBeHHOI0 MAalllMHOCTPOCHM S, IIOBBIIIIe-
HUS 3QPeKTUBHOCTH, HAZeSKHOCTH U pacClIMPeHUs
3KCIIyaTallHOHHBIX BO3MOKHOCTEH MAaIIUHOCTPOH-
TeJIbHOH oponykuuu Ajast TIK, HedTeXHMUYECKON U
ropHOmO06BIBAIOIIEN [IPOMBIIIIEHHOCTH, ABUALIHOH-
HOT'O X 3HEepPreTHUYecKoro TypboCTpOeHHUS U APYyrUX
oTpacyeHu.

Tak>ke BeCbMa Ba’kHa IpobieMa MMIIOpTO3aMe-
ImeHus1. POCCUIICKUI PBIHOK 1260 HACHILEH COBpe-
MeHHBIM 000pyLOBaHHUEM [JIs IIOTyUYeHUs IIOKPHI-
THH, TaK KaK COOTBETCTBYIOIHe TeXHOJIOTUH BCeraa
HMMeJIH IBOMHOe Ha3HauYeHHe, a II0TOMY HX SKCIIOPT
B CCCP u Poccuio 6bI71 foAroe BpeMsi OTPaHUYEH.

BHUWMHM nm. A.A.Bousapa / VNIINM
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OTevyeCTBeHHBIE IIPEAIIPUSATHS OCBOUJIN IIPOU3BOJ-
CTBO IIPOCTOro 0b6opynoBaHUS A 371eKTPOAYTOBOK
MeTaJ/IM3allUU M ra3oll/IaMeHHOIo HaIlblJIeHHUH,
OfHAKO CeMYac ero BBIITYCK IIPaKTHUYECKU ITpeKpalleH,
a YCTaHOBKH IIJIA3MEHHOTO U BBICOKOCKOPOCTHOTO
HaIlbJIEHUS Ha PhIHKE [0 II0C/IeJHEero BpeMeHHU IIpU-
CYTCTBOBA/IM B OCHOBHOM B UMIIOPTHOM KCIIOJIHEHHH.

ITo c;moBaM reHepanbHOro Aupexrrtopa BHUHMHM
BanenTuHa MBaHOBA, MHCTUTYT pa3paboran Ans
KOHBEPCHOHHBIX IPUMeHeHHUH boJlee fecsiTKa TeXHO-
7oTHui 06paboTKU ITOBEPXHOCTH, HAITPUMEP, BHICOKO-
CKOPOCTHOE MOHHO-TIJIa3MeHHOe MarHeTPpOHHOe pac-
nelieHue (BUIIMP) 1 KaTomHOe pacIblieHHe U ra3o-
IJIAMeHHYI0 06paboTKy B MHEPTHHIX cpefax. Takske
Bo BHUMHM npuMeHSIOTCS HeBaKyyMHBIE METO/IBI:
XOJIOOMHOe TasoguHaMuueckoe HamnslyieHue (XTH),
3JIEKTPOUCKPOBOe JerHpoBaHHe, MHUKPOAYTroBoe
OKCHUIWPOBAHHE, XUMHKO-TepMUYecKas o6paboTka
B CIIeIIHa/TIbHBIX CpefiaxX, CTPyHHo-abpa3uBHas obpa-
6oTka, MarHuTo-abpasuBHas obpaboTka, obpaborka
"xomomoM" (ColdJet). B 3aBUCHMOCTH OT [TIOBEPXHOCTH

Y IIOCTaBJIeHHBIX 3a7jla¥ MOT'YT HAHOCUTBCS KepaMHU-
yecKue, MeTa/UIM4eCKHe, KOMIIO3UTHBIE U Jpyrue
MaTepHasbl.

CreliMaIMCTBI-MaTepHUaa0OBe bl U KOHCTPYKTOPEI
WHCTHUTYTA CTAPAIOTCs pellaTh CTOsIHe Iiepes IIPo-
MBIIJIEHHOCTBIO0 ¥ HAPOAHBIM X035IFICTBOM 3a[a4H I10
HaHeCeHHUIO 3alIUTHBIX U QYHKIHMOHAIBHBIX IIOKPBI-
TUH, BeIOUpas Haubosee 3pGeKTUBHBIN, TEXHOJIO-
THYHBIN U SKOHOMHUYHBIN METO/I,.

3ALUTA NOBEPXHOCTH

OpHUM M3 3QPEeKTUBHBIX METOA0B HAHeCeHU S QYHK-
LIMOHA/JBHBIX MUK M3HOCOCTOMKHUX IMOKPBITUM Ha
HOBBIe U3Jle/IUsl, A TAK>Ke BOCCTAHOBJIEHU I U3HOIIeH-
HBIX [leTajleH SIBJISIeTCS X0JIOAHOe Fa30MHaMUYecKoe
(XI'H) unu cBepx3ByKOBOe BO3[yIIHO-IIOPOLIKOBOE
HaIbl/IeHHWe, OCHOBAHHOe Ha 3QdeKTe 3aKpeIlIeHUs
OBUKYIHXCS CO CBePX3BYKOBOI CKOPOCTBIO U 06J1a-
Ao KX 60JIBIION KMHETHYeCKOH 3HePruer TBepABIX
YaCTHUL, [IPH BEICOKOCKOPOCTHOM y/Iape O [I0OBePXHOCTh
U3gaenusl.

he weakest link in the

"material - processing

medium" system determin-
ing the permissible operating
conditions and resources of the
whole system is the surface of
the material, which determines
the high importance of the devel-
opment of methods and technol-
ogies for the modification of the
surface layers of products. The
most effective way to directed
modification of the material sur-
face is the application of func-
tional coatings.

Currently VNIINM is one of the
leaders in Russia and globally in
the field of application of protec-
tive and functional coatings of a
wide range of application with
a variety of processes that allow
producing new-generation prod-
ucts with radical improvement
in the price/quality ratio.

With the advanced innova-
tions of VNIINM that have no
domestic counterparts, a modern
industrial production of func-
tional nanostructured coatings

using a wide range of materi-
als, technologies and equipment
for their application is estab-
lished. The created technology-
based system will become one of
the basic elements to restore the
domestic machine-building sec-
tor, improve the efficiency, reli-
ability, and enhance the opera-
tional capabilities of engineer-
ing products for fuel and energy,
petrochemical and mining,
energy and aviation turbine con-
struction and other industries.
Import substitution is also
very important. The Russian
market is poorly saturated with
up-to-date equipment for the
production of coatings since
the corresponding technology
has always had a dual purpose,
and therefore their exports to
the Soviet Union and Russia
for a long time been limited.
Domestic enterprises have mas-
tered the production of simple
equipment for arc spraying and
flame spraying, but now the pro-
duction is virtually ceased; and

until recently the plasma coating
and high-speed sputtering units
have been imported.

According to the CEO of
VNIINM Valentin Ivanov, they
have developed over a dozen sur-
face treatment technologies for
the conversion applications,
such as high-speed ion plasma
magnetron sputtering, cathode
spraying and flame treatment
in an inert atmosphere. In addi-
tion, VNIINM uses non-vacuum
methods, e.g. cold spray, elec-
trospark doping, microarc oxi-
dation, chemical and thermal
treatment in special environ-
ments, abrasive blast treatment,
magneto-abrasive treatment and
ColdJet treatment. Depending on
the surface and task, ceramic,
metal, composite and other
materials can be applied.

The expert in materials and
designers of the Institute are
trying to solve problems facing
the industry and national econ-
omy that concern applying pro-
tective and functional coatings
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PaspaboranHsle Bo BHUHMHM TexHonoruu XI'H
KICIIO/IB3YIOT IIOPOIIKM MeTa/lJIoB (QIIOMHUHHUM, Me[b,
IUHK, HUKe/JIb, CBUHeEL], 0/I0BO, 6a66UT, Keyeso,
KobaspT, BaHAJUM, TUTAH), CIVIABOB MJIM UX MeXa-
HHUYeCKHe CMeCH C KepaMHUYeCKHMH IIOPOIIKaMHU.
OHU I103BOJISIIOT HAHOCUTb MeTaJl/IM4YeckKHe U Kepa-
MUYeCKHe IOKPBITHS He TOJIBKO Ha MeTaJlJIbl, HO U Ha
CTeKJI0, KePAMHKY, KaMeHb, 6eTOH, U Jlaske Ha IIJI0T-
Hble OpraHHYecKHe MaTepHalbl — YITIeIIaCTUK, BaKy-
YMHYIO pe3KHY, I1IaCTMacChl.

B pe3ynbraTe 06paboTKU IOBEPXHOCTH IIpHObpe-
TaeT TpebyeMBIN KOMIIJIIEKC XapaKTePUCTUK: Kapo-
CTOMKOCTb MJIM KapOINPOUYHOCTb, MeXaHHUYEeCKYIO
HM3HOCOCTOMKOCTb, aHTUPPUKIIMOHHBIE CBOMCTBA,
KOPPO3HOHHYIO CTOMKOCTb, PaJHOIOT/IOLIeHHE,
371eKTPOU 30/ 0. [IOKPBITHS MIPeICTABISAIOT CO60H
OJHOPOIHBIM CJIOH IIJIOTHO YIIaKOBAHHBIX Je(POPMH-
POBAaHHBIX MeTa//IMYeCKUX YaCTHUI] C BHEJJPEHHBIMU
KepaMHUYeCKMMH YaCTULIAMHU.

Ha puc.1l 1 2 npeAcTaB/IeHBbl II01yaBTOMaTHYecKast
Y po60THU3HMPOBaHHAS (ABTOMAaTH4YecKasl) YyCTAHOBKH
IJIsI HAHeCeHU s1 noxpmruﬁ MeToaom XI'H. U3meHsas
pe>KuMBI paboTel 060pyOBaHU S, B aBTOMATHUeCKOM
peskHMe IIPOBOAUTCS 1160 3po3roHHAsE 06paboTKa
[IOBePXHOCTHU U3/eNusi, 1160 HaHeceHHe ITOKPBITUI
TpebyeMBbIX COCTABOB, IIOPUCTOCTH U TOIIHUHBL.

B psne ciydaeB /sl IOBBIIIEHHUS KOPPO3HOH-
HOM CTOMKOCTH, KapPOCTOMKOCTH M HM3HOCOCTOM-
KOCTH TIOKPBITUSI Heob6xoZUMO pOpPMHUPOBAHUE
auddy3ruoHHOro (MHTepMeTa/UIMAHOTO) CJI0S IyTeM
TepMHUeCKOM 06paboTKU, pe>KHMbl KOTOPOK ITOA0H-
paloTCs 9KCIIepHMeHTa/IbHO. B HeKOTOPEBIX Cllydasx

Iocjle HaIbIJIEHUSI U TepM0ooOpaboTKU MOKPBITHE
mudyeTcs 10 Heo06X0AMMOTO yPOBHS IePOX0BATO-
CTH.

MeTton XTH moCTaTO4YHO KM3BeCTeH M pacIipo-
CTpaHeH, OJHaKO pa3paboTka TeXHOJIOTHU HaHece-
HHS IIOKPHITHUSA Ha KOHKPETHBIE JeTa/lh U U3Oe/IHUs
ABJISIeTCS CJIOKHOM TeXHUYecKou 3agaueri. BHUHMHM
yCIlellHO pa3pabaTbeiBaeT TeXHOTOIHUYECKHEe CXeMBbl
HaHeCeHM s [TOKPBITHH B 3aBUCHMMOCTH OT THUIIA H37e-
JTUH, IPUYeM Psif, CIIocoOO0B 3aIIaTeHTOBAH.

B pamkax paboT 1o HaHeCeHHUI0 QYHKIIMOHAIIb-
HBIX IIOKPEITUH MeTogoM XI'H BHMMHM 3aKk/I049U1
18 cornameHMUH 0 COTPyAHHYECTBE B aBUALIMOHHOH,
MeJUIIMHCKOM, OypoBOI TeXHHKe, CyJIOCTPOEHHUH,
SKM/IMIIHO-KOMMYHaJ/IbHOM X035ICTBe, >KeJ/Ie3HOM0-
POKHOM TpaHCIIOPTE, 3JIEKTPOTEXHMKE K 3JIeKTPO-
HHKe (KOHTaKTHBIe IIJIOMaAKH1, BBICOKOTeMIIepaTyp-
Hasl CBepXIIPOBOJMMOCTB), a TAK>Ke B CTPOUTE/IBCTBE.

AAEPHDBIE TEXHOJIOTUU AN HAPOAAHOIO
X03HCTBA

OOHHM K3 KOHBePCHOHHBIX ITpoekToB BHMHMHM
CTaJIo COTpPYAHHYecTBO C npedexkTtypour C3A0
MoOCKBBI, HallpaBJieHHOe Ha BHeJpeHHe HOBBIX
TexHonoruu B chepy XKXKX. Jlerom 2014 roma 6s11a
yCIeIIHO IpoBeJeHa amnpobalusg HaHeCeHUS
MeTaJ/I/IM4eCKHUX HOKPBITHH /ISl OIepPaTHBHOTO
PeMOHTa M BOCCTAHOBJIEHHS CHUCTeM BOFOCHA6-
SKeHH S, U MIPOEeKT MOJY4YHIJI AalbHeHllee IPaKTH-
yeckoe npopgo/ikeHue. Crnenuanuctsl BHUHMHM
NPOAEeMOHCTPUPOBAIH BO3MOXHOCTH MeTona
XI'H 110 3apamuBaHUIO IIOBPeXXJeHUI Ha Tpybax.

by choosing the most effective,
practically feasible and cost-
effective methods.

SURFACE PROTECTION
An effective method of applica-
tion functional and wear-resis-
tant coatings on new products,
as well as the restoration of worn
parts is cold spray or supersonic
air-and-powder spraying based on
the effect of fixing solid particles
that move with supersonic speed
and have a high kinetic energy at
high velocity impact on the prod-
uct surface.

Cold spray technologies devel-
oped in VNIINM use metal
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powders (aluminium, copper,
zinc, nickel, lead, tin, babbit,
iron, cobalt, vanadium and tita-
nium), alloys or their mechani-
cal mixtures with ceramic pow-
ders. They allow to apply metallic
and ceramic coatings not only on
metals but also on glass, ceram-
ics, stone, concrete and even
dense organic materials, i.e. car-
bon fibres, vacuum rubber and
plastics.

As a result of treatment, the
surface acquires the desired
characteristics, heat resistance,
mechanical durability, antifric-
tion properties, corrosion resis-
tance, radar absorption and

electrical insulation. The coat-
ings are a uniform layer of densely
packed and deformed metal par-
ticles with embedded ceramic
particles.

Fig. 1 and 2 show a semi-auto-
mated and robotic (automated)
cold spray coater. By changing the
mode of operation of the equip-
ment, the product surface auto-
matically undergoes either the
erosional treatment or coating of
the desired composition, porosity
and thickness.

In some cases, to improve the
corrosion resistance, heat resis-
tance and wear resistance of
coating it is necessary to create
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Puc.1. Monyasmomamuyeckast ycmaHo8Ka HaAHECeHUs NOKpPb-
mul memodom XI'H: 1 - kamepa; 2 — maHunyasmop c 06pas-
uamu; 3 - ceepx3syKosoe conio; 4 - nopowKosbll numMameAs;
5 - komnpeccop

Fig.1. Semi-automatic equipment for cold spray: 1 - chamber,
2 - manipulator with samples; 3 - supersonic nozzle; 4 - powder
feeder; 5 — compressor

PeMOHT IOBPesKIeHHU IIPOBOAUIICS be3 IepeKkphl-
THSI MarucTpajy, IIPHU 3TOM OTPeMOHTHPOBAH-
Has 06J1acTh yCIIeIIHO BBIAEpPKKUBala Ieperajsl
IaBIeHHHU.

CBEPX3AAYMN ANA "CBEPX3BYKA"
Koppo3HoHHEIe IIOBPEeXIEHUS SIBISIOTCS OLHUM U3
MaCCOBBIX 3KCIIIYaTaLlHOHHBIX ITOBPeXAeHUH "cTa-

peromux’ BO3AYLIHBIX CYA0B, I03TOMY aKTya/IbHa pa3-
paboTka TeXHOIOTHH, [T03BOJISIIOIIEI KaueCTBEHHO 1
3¢ PeKTUBHO IIPOBOAUTH PEMOHT M BOCCTAHOBJIEHHE
3/IeMeHTOB KOHCTPYKLIMHU IIaHepa CUIaMHU 9KCILTya-
TUPYIOIINX ABUALIMOHHYIO TEXHUKY OPTaHU3AIHH.

CoBMecTHO ¢ [ocymapcTBeHHBIM HayYHO-HUCCIIE0-
BaTeJIbCKUM HHCTUTYTOM IPa’kAaHCKOM aBHALIUHU
(TocHUUTA) BHUHMHM nipoBofuT paboThl 110 3KCITe-
PHMeHTaIPHOM olleHKe 3¢ PeKTHBHOCTH BOCCTAHOB-
JIeHUSI IOPaskeHHBIX KOPPO3HeH KOHCTPYKIIMOHHBIX
AJIIOMHUHUEBBIX CIIJIABOB AJIs MOAJEeP>KAHUS JIETHON
TOIHOCTH BO3AYIIHBIX Cy0B. Ha mepBoM starme pabot
coenuanructel BHUMHM mpoBOAsAT ITpegBapUTE/Ib-
HYIO OLIeHKY BIIMSHHS COCTaBa IIOPOLIKOBOM CMeCH U
BBIOpaHHOM TeXHOJIOTMH BOCCTAHOBJIEHHU I MaTepHUaia
Ha CTaTUCTHYEeCKYIO IIPOYHOCTD U YIIPYIOCTh IIyTeM
HUCIBITAHUN 00pa3l0B HA PACTSIKeHHE IPU CTATU-
YeCKOM HarpyskeHHHU. B KauecTBe 06BbeKTa HCCIIE0-
BaHUS OblJI BEIOPAH JIMCTOBOM KOHCTPYKLHMOHHBIM
aMIOMUHUEBBIN criaB 1163PATB (Ha 6a3e cuCcTeMBbl
AL-Cu-Mg), npuMeHsIeMBbIH B KOHCTPYKLIHSIX COBpe-
MeHHBIX BO3YLIHBIX Cy/OB.

[l BOCCTAaHOBJIEHHUSI KOHCTPYKTHUBHBIX 3JIeMeH-
ToB yueHbIMU BHHHMHM paspaboTaHa u IpuMeHeHa
TeXHOJIOT'HsI CBEPX3BYKOBOI'O BO3/IYIIIHO-TIOPOIIKOBOIO
HaIlbJIEHUS MaTepUaJIoB, "'3aJledrBalomasi” fedeKThl
IIOBEPXHOCTH B COYETAHHUM C MeXaHH4YeCKOH obpa-
6oTkoil (abpa3uBHas o6paboTka u maudoBaHHUe).
TeXHOIOrMYeCKUI MPOLeCC BKIOYAeT IIOATOTOBKY
[IOBePXHOCTHU H3Je/NIUs K HAaIlBlJIEHUIO; BOCCTAHOB-
JleHUe IIOBPeXIeHUN IIPU IIOMOIIU CBEPX3BYKOBOIO
HaIIblJIEHU S [IOPOLIKOBOM KOMITO3HUIIHMH Ha COOTBET-

a diffusion (intermetallic) layer
through heat treatment, the
modes of which are chosen exper-
imentally. In some cases, after
spraying and heat treatment,
coating is ground to a desired level
of roughness.

The cold spray method is well-
known and common but it is
quite a challenging technical
objective to develop technologies
to place coating on specific parts
and products.

VNIINM has successfully
developed coating process dia-
grams depending on the type of
products, and some of the meth-
ods are patented.

As part of functional coat-
ing with the cold spray method,
VNIINM has entered into 18 agree-
ments on cooperation in avia-
tion, medical, drilling equip-
ment, shipbuilding, housing
maintenance and utilities ser-
vices, railway transport, elec-
trical engineering and electron-
ics (termination pads, high-tem-
perature superconductivity) and
construction.

NUCLEAR TECHNOLOGY

FOR HOUSING AND COMMUNAL
SERVICES

One of the VNIINM conversion
projects was designed to cooperate

with the prefecture of the North-
West Administrative District of
Moscow aimed at introducing
new technologies in the housing
maintenance and utilities sector.
In the summer of 2014 some tests
were successfully carried out with
regard to metal coating for rapid
repair and restoration of water sup-
ply systems; and the project was
extended with a practical effect.
VNIINM experts demonstrated the
feasibility of the cold spray method
to refill the pipe damages. Damage
was repaired without blocking any
lines while the repaired section
can successfully withstand pres-
sure differentials.
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CTBYIOIMEe YYaCTKH; BHIpABHUBAHHE [IOBEPXHOCTH,
JOIOTHUTEIBbHYI0 06paboTKy [MOBEpXHOCTH; GUHUII-
HOe CBePX3BYKOBO€ BO3YIIHO-TIOPOLIKOBOE HaIlblJIe-
HIe [IOPOIIKOBBIX KOMITO3HIIHH.

Bce mepeuncieHHble PAOOTH MOTYT IIPOBOAUTBCS
B PyY4YHOM peXHMMe Ha TePpUTOPHUH 3aKa34yMKa,
9KCIUIyaTHUPYIOIEro aBHALMOHHY0 TeXHUKY. Kpome
Toro, paspabarsiBaemeiti BHUHMHM Mo6UIBHBIT KOM-
miexc XI'H BecoMm meHee 25 KT II03BOJIMT BOCCTAHAB-
JIMBAaTh [IOBPEKAEHHUS B II0JIeBBIX YCIIOBUAX.

IToslyueHHBIe pe3yJIbTAaThl JOKA3BIBAIOT, YTO
KOPPO3HMOHHEBIE IOBpPeXOeHUSI 3POeKTHUBHO
"3aJleYnBaAIOTCA", IPUYEM IPHU NPABUIBHOM IO~
bope cocTaBa IOPOIIKOBOM KOMIIO3UIIMHK U PeKKMa
ee HallblJIEHHU S, IIOKPBITHE B BOCCTAHOBJIEHHOM 30He
He paspyllaeTcs BIIJIOTh 0 IIpefejia TeKy4YeCTH U
BBIIIE, & er0 YIPYTrHe U IJIaCTHUYeCKHe CBOMCTBA
MaKCHMaJIPHO COOTBETCTBYIOT CBOMCTBAM OCHOB-
HOTO MaTepHala.

HAHOCTPYKTYPbI - MPOU3BOACTBY!

IIUPOKHUH CIEeKTP 3ajad, KOTOPble CTOAT Iepes
HMHKeHepPaMU M KOHCTPYKTOpaMHU B 061acTu co3za-
HUS QYHKIMOHAIBHBIX U 3aI[UTHBIX MOKPBITUH,
TpebyeT HOBBIX IOAX0A0B. OPeKTHBHBIM METOJ0M
MOIUPHUKALIUY [TOBEePXHOCTH SIBJISIETCS BBICOKOCKO-
POCTHOE MOHHO-TI/Ia3MeHHOe MaTHeTPOHHOE PaCIIbl-
nenue (BUIIMP). B 1aHHOM c/ly4ae MaTepHasl, KOTO-
PBII He06XOAMMO HAHECTH Ha ITOBEPXHOCTb AeTaIU
WK U3feNusi, pa3MellaeTcs Ha KaTofe CIelhab-
HOTO YCTPOMCTBA U PACIIBIISETCS B CpPefie aproHa IpHu
OCTaTOuHOM JaBiaeHuH 1..1071 I1a. Ilox mericTBHeM

OVERARCHING

6omMbapoUPOBKKM MOHAMU aproHa C IIOBEPXHOCTH

KaToja TeHepHUPYyeTCs IOTOK aTOMOB, KOTOPBIH Ilepe-

HOCHTCSI Ha IIOBEPXHOCTh H3Je/JIHs U 0CaKaaeTcH,

06pasys mokpeITHe. IIpoliecc HAHeCeHU S IIOKPBITHS

OCYIIeCTBJISeTCS Ha CIIeLMajIbHbIX BAKYYMHBIX yCTa-

HOBKaX. DTO YHUBEPCAJIbHBII CI10C06, ITO3BOJISIIOII L

[10/1y4aTh HAHOCTPYKTYPHUPOBAHHBIE IIOKPBITHS U3

PasIHYHBIX MaTepHaI0B: MeTaJjJIOB, CII/IABOB, KOM-

MO3UTOB, XUMHUYECKHUX COeIUHEHHUN U KepaMHUKH,

IIpyUYeM COCTaB IOKPHITHUS OIPee/IsieTCs COCTaBOM

HCXOOHOM MHUIIEHHU [l pacnelaeHuss. CKOPOCTh

OCa>kKIeHHS B BLICOKOCKOPOCTHOM peKHMMe IIPH pac-

CTOSSHHHM MeXJIYy MHUIIEHbIO U OeTajbio 50-60 MM

/1Sl pa3JIMYHBIX MaTepHaJIOB COCTaBiaseT oT 20 Jo

150 MxM/4ac.

C IOMOII B0 JAHHOTO METOLa MOXKHO 30 bEeKTUBHO

M 3KOHOMMYHO pelllaTh CJIeAyILUHe HAayYHO-TeXHHuYe-

CKUe 33aa4u:

* IIOBBIIIEHHE KAPOCTOMKOCTH M >KapOIPOUYHOCTH
JIOIIATOK TYpOMH ra3oTypbuHHBIX ABUTraTenel (I'TH)
IISITOTO ITOKOJIEHHU S IS aBUALIMU U Kopabier 6ma-
rofapsg NpMMeHeHHI0 MHOTOC/IOMHBIX MHOTOKOMIIO-
HEeHTHBIX IIOKPBITUI Ha OCHOBE AJIIOMHUHUJA U AJII0-
MOLIMPKOHH S, KOMIIJIEKCHO JIeTHPOBAHHBIX 3JIeMeH-
TaMHU, KOTOpble CTaOM/IHU3UPYIOT, C OLHOK CTOPOHBI,
obpa3oBaHUe 3aMMUTHBIX OKCUJOB, a C JPYLOH -
SKapOIIPOYHOCTh MaTepHaJia OCHOBHI U IIOKPHITH S

e yBelHYeHHe pecypca paboThl 371eMeHTOB KOM-
npeccopoB I'T]], TONJIMBHOM aIllIapaTyphl THAPAB-
JIUYeCKUX CHUCTeM, 3JIeMEeHTOB MeXaHU3aLlUuu
KpbLIa, TypbOpeaKTUBHBIX ABUTaTeek CaMOIeTOB
U pakKeT 3a CUeT IIPHMeHeHHUs KOMIIO3ULIMOHHBIX

SUPERSOUND GOALS

Corrosion damage is one of the
mass operation-related damages
of the ‘aging’ aircraft, soitis the
right time to develop a technol-
ogy allowing to efficiently and
effectively carry out repairs and
restoration of airframe compo-
nents by companies that operate
the aviation equipment.

In cooperation with the State
Research Institute of Civil
Aviation (GosNIIGA) VNIINM
has been working on an experi-
mental evaluation of the effec-
tiveness of structural restora-
tion of the corroded aluminium
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alloys to maintain the airworthi-
ness of an aircraft. At the initial
stage, VNIINM experts conduct
a preliminary assessment of the
impact from the composition of
the powder mixture and the cho-
sen material recovery technology
on the statistical strength and
elasticity by specimens tensile
testing under static loading. The
structural duralumin (based on
AL-Cu-Mg) used in the modern
aircraft design was chosen as the
test object.

To restore the structural ele-
ments by VNIINM researchers,
the supersonic air-powder mate-
rial coating technology that can

‘heal’ surface defects in conjunc-
tion with mechanical treatment
(abrasion and polishing) was
developed and applied. The pro-
cess includes preparing the sur-
face of the product to spraying;
repair of damage by supersonic
spraying the powder composition
on corresponding sections; level-
ling the surface; additional sur-
face treatment; finishing super-
sonic air-powder coating with
powder compositions.

All of these works can be car-
ried out manually on the site
of the client operating the avi-
ation equipment. In addition,
the mobile cold spray system



NANOTECHNOLOGY. COATINGS

Puc.2. Pobomu3upo8aHHas ycmaHos8Ka HaHeceHus NoKpbimull
memodom XI'H
Fig.2. Automatic equipment for cold spray

MOKPBITHI, B TOM UYHCJIe H3HOCOCTOMKHX, TBEp-
NO0CMa304HBIX, KOPPO3HOHHOCTOMKHUX C YIbTPaAU-
CIIePCHOH CTPYKTYpPOL;

+ IIOBBIIIEHHE pecypca paboThl, KapOCTOMKOCTHU
M SKapONPOYHOCTH KJIAIIAHHO-IIOPIIHEBOM IapHl

ABUIaTe/Is BHYTPeHHEI0 CTOpaHUs (OBC), TOI/IKB-
HOM alIapaTypbl Au3eapHbIX [IBC U APYTUX d/IeMeH-
TOB aBTOMOOM/ISI IyTeM IIPUMeHeHH sl MHOTOCJIOH-
HBIX MHOTOKOMIIOHEHTHBIX IIOKPBITUH Ha OCHOBE
JKapOIMPOYHBIX CIIIABOB C BEICOKMMH KOPPO3HOH-
HBIMH U CBETOOTPAsKaIOUM MU CBOMCTBAMHU;
HaHeCeHHe TBepAOCMa304YHOr0, aHTHCXBATBhI-
BAIOIIEro IIOKPHITHS Ha 3yb4aThle IlepeJjauy CUIBHO
HaTpy>KeHHBIX Pe/lyKTOPOB /I/I1 CHUKeHHU S Pacxofia
3HepPruu, MOBBIIIeHUS HaJle’)KHOCTH U CHUKeHUS
YPOBHSI LIyMa;

HaHeCeHHe TBepPAOCMA30YHOr0, aHTHCXBATBHI-
BAIOLIETo IIOKPBITUS Ha 3/IeMeHTHI O UIUITHUKOB
CKOJIb)KeHHU S IU3e/IbHBIX ABUTATeNIel BCeX THUIIOB
A7 CHUKeHHS pacxojla TOI/IMBA, MOBBIIMIEHHUS
MOIIIHOCTH, MOBBIIIEHH S Hale>KHOCTH, CHU KeHHU S
YPOBHSI LIyMa;

HaHeCeHHe ITOKPBITUI Ha BEICOKOCKOPOCTHBIE MO~
IIMIHUKYA KadeHUs, pe3bboBble coeMHEHUS
OypunbHBEIX TPY6, pe3pboBbIe coegUHEHUS OBICTPO-
Pa3b0OpPHBIX CUCTEM U T.1.;

YaCTHUYHas 3aMeHa 9KOJI0TMYeCKH BpeIHBIX XUMH-
YeCKUX M TaJbBaHUYEeCKUX TEXHOJOTHUMH, IpHU-
MeHsIeMBIX [JISI 3aIIUTEL OT KOPPO3UH U MPHUIA-
HUS IeKOPAaTUBHBIX CBOMCTB U3Me/NHUsIM aBTOTeX~
HUKHU, IIyTeM NPUMeHeHHS MHOTOKOMIIOHEHTHBIX
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HAHOTEXHONOrMn. NokpbiTUA

IIOKPBITUI Ha OCHOBE Hep>KaBeIOLIUX CTaslel, CIia-

BOB CHCTeMBI "aJIIOMHUHHUU-XPOM" U APYTUX C BBICO-

KHUM COIIPOTHBJIEHHEM KOPPO3HUH M XOPOUIUMHU

CBETOOTPa’KAIOMMMHU CBOMCTBAMHU.

CrefyeT OTMETHTh, UTO pellleHHe KaskKJ 0N KOH-
KPeTHOM 33/1aUM 10 HaHeCeHHIO ITOKPBITHS Ha H3Jie-

7He UIU AeTanb TpebyeT HHAUBHUAYATbHOIO IO~
X0fa, MeTOZ,a ¥ TeXHOJIOTUU HaIlblJIEHU I MaTepHaa.
s JOCTHKEHM S HAM/IY4YIIero pesyabTaTa yueHble
BHHUHMHM cOBMeCTHO C KOHCTPYKTOPaMH U pa3pabot-
YU KaMH KOM61/IHI/IPYIOT Pa3/IHMYHbBIEe METOAbl MOAM -
GUKaL KU II0BePXHOCTU U3JeIH. |

developed by VNIINM with a
weight of less than 25 kg will
allow repair damage in the
field.

These results obtained show
that corrosion damage can be
effectively ‘healed’ and given
the right composition of the
powder composition and its
right deposition, coating in the
repaired area is not destroyed
until the yield point or higher
is reached; and its elastic and
plastic properties maximally
correspond to the properties of
the base material.

NANOSTRUCTURES

FOR INDUSTRY!

A wide range of challenges faced
by engineers and designers in
the field of functional and pro-
tective coatings require new
approaches. High-speed ion
plasma magnetron sputtering
is an effective method of modi-
fying the surface. In this case,
the material to be applied to the
surface of parts or products is
placed at the cathode of a spe-
cial device and is sprayed in the
argon atmosphere at a resid-
ual pressure of 1...101 Pa. Under
the influence of bombardment
with argon ions, a flow of atoms
is generated from the cathode
which is carried on the surface
of the product and is deposited
to form the coating. The coat-
ing process is carried out on spe-
cial vacuum units. It is a mul-
tiple-purpose method allowing
to obtain nanostructured coat-
ings from various materials
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such as metals, alloys, com-
posites, ceramics and chemical
compounds, wherein the coat-
ing composition is determined
by the composition of the initial
target for sputtering. The depo-
sition rate in the high-speed
mode with the distance between

the target and part of 50-60 mm

for various materials is between

20 and 150 microns/hour.

With this method you can
effectively and efficiently address
the following scientific and tech-
nology-related objectives:

« improve the heat resistance of
the turbine blades of gas tur-
bine engines (CTE) the fifth-
generation for aircraft and
ships by the use of multi-layer
and multi-component coat-
ings based on aluminide and
aluminozirconium wholisti-
cally alloyed with elements
that, on the one hand, sta-
bilise the formation of pro-
tective oxides, on the other
hand, the heat resistance
of the material base and
coating;

 increase in the service life of
the CTE compressor compo-
nents, fuel injection equip-
ment of hydraulic systems,
wing wings, turbojet engines
for aircraft and rocket vehi-
cles through the use of com-
posite coatings including
those that are wear-resistant,
solid lubricating and corro-
sion-resistant with the ultra-
fine structure;

e increase in the service
life, heat resistance of the

valve-piston pair of the inter-

nal combustion engine (ICE),

ICE diesel fuel equipment and

other elements of the vehicle

through the use of multi-layer
and multi-component coat-
ings based on high-tempera-
ture alloys with high corro-
sion and reflective properties;

« apply the solid lubricant coat-
ing, antiprehensive coating
on gears of the heavily loaded
gears to reduce energy con-
sumption, improve reliability
and reduce noise;

« apply coatings on high-speed
rolling bearings, threaded
joints of drill pipes, threaded
joints of quick-detachable sys-
tems etc.;

« partially replace the environ-
mentally harmful chemical-
and-electrochemical technol-
ogies used for corrosion pro-
tection and creation of deco-
rative properties for the motor
vehicle products through
the use of multi-component
coatings based on stain-
less steel, "aluminium-chro-
mium" alloys and others with
high corrosion-resistance and
light-reflecting properties.

It should be noted that the
accomplishment of each spe-
cific task of coating on a prod-
uct or item requires an individ-
ual material spraying approach,
method or technology. For best
results, the VNIINM scientists
together with designers and
developers combine different
methods of modifying the sur-
face of a product. |






