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PA3PABOTKA OCHOB TEXHOJIOI MYECKOTI O INMPOLECCA
PEMOHTA JTIOMNATOK KOMIIPECCOPA N3 CTANU
15X16K5H2MB®AB C XXAPOCTOMKUM ANFOMUHUNAHBbIM
MOKPbLITVEM C NMOMOLW,bKO BICOKONHTEHCVBHbBIX
NMMMNYJNIbCHbBIX 3/TEKTPOHHbIX NMYYKOB
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B fnaHHO/ paboTe MokasaHa BOSMOXHOCTb MCMO/Mb30BaHWA 00/yUYeHWS BbICOKOMHTEHCUBHBIMU MMMY/bCHLIMU
3NEKTPOHHBIMU NyYKaMy 4019 yAANeHUs 3KCNNyaTalMOHHOro HaneTa W AerpagupoBaHHOMO XapoCTOMKOro aoMu-
HWAHOrO MOKPbITUA KOMMPECCOPHbIX fionatok 13 ctanm 15X16K5H2MB®AB-LL. YcTaHoBneHo, YTO A4/19 yaa/ieHuns
MOKPbITUA U 3KCMyaTaUMOHHOr0 HasleTa HeOOX0AMMO peann3oBaTh 006/1yUeHMe ¢ NAOTHOCTLIO 26-28 Mx/cm2 Mpu
MEHBLUMX MIOTHOCTAX 3HEPTUW YaNeHNe MaTepuana He NMpoMcxXoamuT. Ha 0CHOBaHWUW AaHHbIX MeTasorpafuyecko-
ro uccrefoBaHma NpPoLEeMOHCTPUPOBAHO, YTO MOC/Ie PEMOHTA JIONATOK Mo HOBbIM MOKPLITUEM HabnogaeTcd Mo-
ANULMPOBaHHBIV CNOIA ry6uHON A0 ~25 MKM, a AetheKTOB NOKPbITUSA He umeeTcs. MUKpOTBEPAOCTb MOANDMLIM-
pOBaHHOr0 C/10f MO CPaBHEHWIO OCHOBHbLIM MaTepuaiom fonaTky Bo3pocna Ha 40%. Pe3y/bTartbl yCTaNoCTHBIX UC-
MbITaHWA BeCbMa HEOAHO3HAYHbI, TaK KaK 4acTb N0MATOK paspyLuufiach 4O AOCTVXEHUA KOHTPO/bHOrO YPOBHS.
MpegnonaraeTcs, YTO 3TO CBA3AHO C (DOPMUPOBAHMEM OCTATOUHbIX PACTArMBAIOLLMX HAMPSHKEHWIA, KOTOPbIe B CBOKO
oyepefb Y NPUBOAAT K CHUXEHUIO Mpejena BbIHOCAMBOCTY NPU XOMOLAHbIX UCNbITAHNAX Ha YCTa10CTb.

KntouyeBble cnoea: BbICOKOMHTEHCUBHbIE MMMNY/bCHbIE 3/IEKTPOHHBIE MYYKN; NOMAaTKU FaBOTyp6I/IHHOFO apurare-
Nia; nccnegosaHne CTPYKTypPbl; ,D.I/I(*)(*)y3I/IOHHbIe MOHHO-MN/1a3MEHHbIE MOKPbITUA; TEXHO/I0INA PEMOHTA.

DEVELOPMENT OF THE FUNDAMENTALS
OF THE TECHNOLOGICAL PROCESS FOR REPAIRING
COMPRESSOR BLADES MADE OF 15X16K5N2MVFAB STEEL WITH
A HEAT-RESISTANT ALUMINIDE COATING
USING HIGH-INTENSITY PULSED ELECTRON BEAMS
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This paper shows the possibility of using high-intensity pulsed electron beam irradiation to remove operational
plaque and degraded heat-resistant aluminide coating of compressor blades made of corrosion-resistant heat-
resistant steel 15X16K5N2MVFAB. The blades of the compressor blades with a two-layer protective coating Ni-Cr-
Al-Y + NiAl were used as objects of research. The irradiation was performed on an experimental experimental
electron beam installation "GEZA-MMP" at various energy densities in the range from 20 J/cm2to 40 J/cm2 The
state of the material in the surface layers of the samples was studied by optical metallography, and microhardness
was measured on a PMT-3 device at a load of 20 grams. In addition, fatigue tests were carried out according to the
standard method based on tests of 2-106 cycles at room temperature (on magnetostrictive and electrodynamic
vibration stands with a complex of measuring equipment). It has been established that in order to remove the coating
and operational plaque, it is necessary to carry out irradiation with a density of 26-28 J/icm2 At lower energy
densities, material removal does not occur. Based on the data of the metallographic study, it was demonstrated that
after repairing the blades using the proposed technology, a modified layer with a depth of up to ~25 microns is
observed under the new coating, and there are no defects in the new coating. The microhardness of the modified
layer increased by 40% compared to the main blade material. According to the fatigue tests, three blades did not
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pass the control level, with destruction along the back of the pen. It is known that treatment with high-current pulsed
electron beams almost always leads to the formation of residual tensile stresses and to a decrease in the endurance
limit during cold fatigue tests. To remove the residual tensile stresses, diffusion vacuum annealing must be
performed. Affiliation, full postal address, e-mail address (for each author if different).

Keywords: high-intensity pulsed electron beams; gas turbine engine blades; structural research; diffusion ion-

plasma coatings; repair technology.

BeegeHune

Pabouve nonatku Komnpeccopa rasotyp-
OWHHOrO pABuratens OTHOCAT K  Knaccy
Hanbonee OTBETCTBEHHbIX AeTaneli, paboTa-
IOWNX NoL AeACTBMEM CTAaTUYECKUX, [MHA-
MUYECKMX, LUKINYECKMUX HArpys3ok, a Takxe
B YC/NOBMAX KOPPO3MOHHON W 3PO3MOHHON
nospexgaemoct nepa nonatok [1]. WM3ro-
TOBJIEHVE JIONATOK KOMMpeccopa fAB/SeTCHA
CMIOXHbBIM ¥ JOPOrocTOALWMM npoLeccoMm. B
nocnefHue AecATUeTUs yyeHble, Kak B Poc-
cuK, Tak 1 3a pybexxom paspabaTtbiBalOT TEX-
HOMOTUW  y[aneHus  3KCnyataumoHHOro
HaneTa v gerpagMpoBaHHOro 3aWMTHOMO Xa-
POCTOWKOr0 MOKPbITUS C MOBEPXHOCTU OT-
BETCTBEHHbIX f[eTaneil, HanpaBneHHble Ha
coXpaHeHue reomeTpum obpabaTbiBaeMOl
petann [2]. Ocobas ponb ygensetcs TexHO-
NOTVAM PEeMOHTa, KOoTopble o06najalT Tak
Ha3blBaemMol M36MpaTeNibHOCTU  y[aneHus
MOKPbITUIA, CHUXEHWe Harpys3ku Ha 3KOJo-
MK 1N BPELHOro BO3AEWCTBMA TEXHONOTWIA
Ha 3,0p0Bbe YesnioBeka [3].

Lienbto gaHHOW paboTbl ABNSETCA paspa-
60TKa OCHOB PEMOHTHOW TEXHONMOrMM nona-
TOK KOMMpeccopa U3 KOPPO3MOHHOCTOMKOW
)aponpoyHoin ctanm 15X16K5H2MB®AB-
LLI ¢ ABYXCNOWHbLIM 3aWMTHLIM MOKPbITUEM
CAOM-1 wn NiAl. TMokpbITUe HaHOCUTCA MeTOo-
JOM  BaKyyMHO-N/Ma3MeHHON  TeXHOoNMoruu
BbICOKMX 3Hepruin (BMTB3) Ha ycTaHOBKe
MAII-1. locfe HaHeceHWa MOKPbITUA pea-
NIN3YeTCca npouecc AMPERY3MOHHOIo 0TXuUra
npu temnepartype 650°C. MNMpu akcnayaraymnm
MpoLEecC OKUCNEeHWE peasn3yeTca B YC/IOBU-
X YCTaJIOCTHOTO Harpy>XeHus u TOJLWUHbI
[0EerpagnupoBaHHbIX MOBEPXHOCTHbLIX CJI0eB
mMoryt pocturaot 10-50 MKM B TeuyeHue
1000 yvacos.

B 3T0i CcBA3M aKTyanbHbIM M 3KOHOMUYe-
CK/ 060CHOBAHHbLIM NpPeAcTaB/ifgeTCcs Cco3fja-
HMe TexXHO/NIOrMW PemMOoHTa 3TUX JIONATOK,
BK/OYaloLLelnt B cebs COBCTBEHHO yaaneHue

3TUX [erpagvpoBaHHbIX C0EB C MOMOLLbIO
BbICOKOMHTEHCUBHbIX ~ UMMY/bCHbIX  3/1eK-
TPOHHBIX MY4YKOB C MOCNEAYHLMUM HaHece-
HWEM HOBOTO MOKPbITHS.

MaTepuasnbl 1 MeTOAbl UCC/ef0BaHNSA

B KayecTBe 00LEKTOB uccnefoBaHus Obl-
NN UCMNOJSIb30BaHbl JIONATKU JI0NATOK KOM-
npeccopa W3 KOPPO3MOHHOCTOWKON >Kapo-
npoyHoin crtanu 15X16K5H2MB®AB-LU ¢
ABYXC/OMHBbIM  3alWUTHBIM MOKpbITUEM Ni-
Cr-Al-Y + NiAl. ObnydyeHne nNpoBOAMAN Ha
3KCMEePUMEHTa/bHOW OMbITHO-
NMPOMbILUNEHHOW 3/1eKTPOHHO-/Iy4eBOMN ycCTa-
HoBke «IE3A-MMIM» npu  pasnnyHbIX
NAOTHOCTAX 3aHeprum oT 20 go 40 Ox/cm2.

CocTofHMe maTepuana B MOBEPXHOCTHbIX
cnosax o06pasuoB uccrefoBanocb MeTofamu
ONTUYECKON MeTannorpaum ¢ MNOMOLLbIO
meTannorpauyeckoro mukpockona Carl
Zeiss Axiovert 40 n 3amepa MUKpPOTBEPLOCTHU
Ha npubope NMMT-3 npu Harpyske 20 rpamm.
Kpome TOro, npoBefeHbl YCTanoCTHble UC-
NbITAHUS B COOTBETCTBUWM C HOPMATUBHON
AOKYMeHTauuen no craHgapTHOMY MeToady
Ha 6a3e mcnbiTaHWi 2-106 LMKNOB MPU KOM-
HaTHOM Temnepatype. VicnbiTaHUS NPOBOAU-
JINCb HAa MarHUTOCTPUKLMOHHOM WM 3N1EKTPO-
OVHaMUYeCcKOM BUOpOCTeHZaX C KOMIJeK-
COM M3MepUTeNIbHOM annaparypbl.

PesynbTatbl 1 nx 06CyXaeHne

Bbino nokasaHo, 4YTO ANA yjAaneHus no-
KPbITUSA 1 3KCNyaTaluMOHHOTO Haneta Heob-
XOAWMO peann3oBaTb 06/lyYeHMe C MIOTHO-
CTbiO 26-28 [x/cM2. [Tpn MEHbLINX MIOTHO-
CTAX 3HEpPrumn ypaneHve maTepuana He npo-
ncxoaut. locne MONHOro yAaneHus Mmokpbl-
TUS HAHOCU/I0Cb HOBOE MOKPbITUE MO CEPUIA-
HOW TexHonorun. Mocne 3Toro 6bI1 MNpoBe-
[eH meTannorpagpuyeckunii aHanms.

MeTannorpaguyeckunii aHanM3 nokasar,
4YTO MOJIHOCTLIO YAasieHO CTapoe MOKpbITUe,
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a TaKXe nmeeTcs MOAUMULMNPOBAHHbIN C/ON,
rnyouHoi [0 ~25 MKM, HOBbI CMOW COOT-
BETCTBYeT TpeboBaHWSAM HOPMATUBHOWN A0-
KymeHTauuun. [eteKToB BHOBb HaHECEHHOTO
NOKPbLITUA N M3MEHEHWIA B OCHOBHOM MaTe-
puane nonatku He 06HapyXeHo. MWUKpo-
TBEPAOCTb OCHOBHOIO Martepuana nonatku
N0 CpPaBHEHUD C MOAUKMULUPOBAHHBIM CJO-
eM MeHbLe Ha 40%.

[anee 6blna NogroToBfeHa napTus nona-
TOK B KO/NMYeCTBe 5 LWWTYK, KOTOpble Moj-
BEprAnch crefyrolmnm onepauyusam paspabo-
TAHHOrO0 TEXHONOrMYeCcKOro nmnpouecca, a
MMEHHO: 3N1eKTPOHHO-y4YeBOoe yaaneHue oT-
paboTaHHbIX MOKPbLITWUIA, NONMPOBaHWE KPO-
MOK, HaHeceHue HOBOrO MOKPbITUA, Anddy-
3MOHHbIA OTXXUTI Ha Bo3gyxe. OfHa nonatka
uccnegosanacb MeTOAOM OMTUYECKOW Me-
Tannorpagum, a 4vetblpe ocTaBlIMecs Mog-
BEprasimcb yCTasioCTHbIM UCMbITAHUAM.

N3  nonyyeHHbIX  MCCNeAoBaTeNbCKUX
[OaHHbIX CNnefyeT, YTo CTPYKTYPHble M3MEeHe-
HWUA B NOBEPXHOCTHOM CNO€ MOJIHOCTbIO CO-
OTBETCTBYIOT [aHHbIM MONYYEHHbIM paHee.
Mo AaHHbIM YCTanOCTHbIX WCMbITAaHWIA TpK
NONaTKN He MPOLUAN KOHTPO/bHbIV YPOBEHb,
C paspyLUeHneM no cnuHke nepa. V3BecTHO,
4yTo 06paboTKa CWUIbHOTOYHBLIMWU WMMY/bC-
HbIMW 3M1EKTPOHHLIMW My4YKamu NO4YTW BCe-
roa npuBOAMT K (DOPMMPOBAHMIO OCTaTOu-
HbIX PacTArMBarOLWMX HaNpPsXXEHWUH MU K CHU-

XXEHWIO Mnpejenia BbIHOC/IMBOCTY MPU XOM0f-
HbIX UCMbITAHUAX Ha YyCTanocTb. [/ UX CHA-
TMA Heob6XOo4VMMO NpPOBOAUTL AUPEHY3NOH-
HbI BaKYYMHbBIA OTXWT.

3ak/roueHune

Peanusaumnsa TexXHOMOrM4ecKoro npouecca
pPEMOHTa 0oNaTtok KoMmrpeccopa M3 cTanu
15X16K5H2MB®AB-LL ¢ ABYXCNOWHbLIM
3aWMnTHbIM nokpbiTuem Ni-Cr-Al-Y + NiAl,
ABNAETCA  MEPCNeKTUBHbIM, HO TpebyeT
YTOUYHEHUS.
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