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Pedepar. [ToBeruenne >p(heKTHBHOCTH PEMOHTOB, U3TOTOBJIECHHS M JKCILTyaTalliH TEeIIoMexa-
HI4geckoro obopynoBanus TOC paccmaTpuBaeTcsl Ha IpUMeEpe Ta30TePMUIECKOTO METO/a YIIpoU-
HEeHUsI paboYMX JIONATOK ITOCIEAHUX CTyNEeHeH MapoBBIX TypOwH. PaGoure omaTtku SKCILTyaTH-
PYIOTCSL B YCIIOBHSIX BBICOKOTO CHJIOBOTO HArpy’kKe€HHs, 3pO3HOHHO-KOPPO3HOHHOTO Pa3pyIIeHHs
MOBEPXHOCTU TIepa JIONATKH CO CTOPOHBI BIIAXKHO-NTAPOBOTO ITOTOKA. YacTh 3pO3MOHHO H3HO-
IIEHHBIX pabOYHX JIOMATOK MOXKET OBITh BOCCTAHOBJIEHA PEMOHTHBIMH KOMITAaHHSIMH ITyTEM HC-
M0JI30BAaHUS LEJIOTO Psiia TEXHOJOTMH: aproHOAYTOBOM, MJIa3MEHHOM M Ta30MOpOLIKOBOM
HAIUTaBKH OCHOBHOTO MaTepHaia ¢ mocieayronel MexoopaboTKoi, BOCCTaHOBICHUSI CTEILIMTOBON
3aIIUTHI, 3JEKTPOUCKPOBOTO JIETHPOBAHUS MOBEPXHOCTHOTO CNIOS BXOIHOW KPOMKH, HAaHECEHUS
HMOHHO-TUIa3MEHHBIX TIOKPBITHI Ha MMOBEPXHOCTH Mepa JIONaTku. B oreuecTBeHHOM TypOOCTpOeHHN
paboune TOMaTKH MOCIEAHNX CTYNEHEH MapoBbIX TypOMH H3TrOTaBIMBAIOTCS M3 CTaleld MapTeH-
CHTHOTO Kyacca. BaXHBIM ycloBHeM yCIIEITHOTO BOCCTAHOBJIEHHMS JIOMATKH SIBISIETCS MUHUMH3a-
IS TEIJIOBOTO BO3JECHCTBHUS Ha OCHOBHOM MaTepHal sl HCKITIOYEHHS BO3MOXKHOTO (hOPMHPOBa-
HUS 30H MOJKANKU. TeXHOTIOTHS Ja3epHOil HAIIaBKH IIO3BOJISIET CO3/aTh Takue ycinoBus. Ha mo-
BEPXHOCTb 00pabaThIBaEMOH JeTadM HAHOCHTCSA MOKPHITHE IYyTEM pacIUIaBICHHS OCHOBBI U
MIPUCaTOYHOro MaTepuaia. [J0ckoIbKy OCHOBA IOMILIABISETCS MUHUMAIBHO, CBOHCTBA MMOKPBITUS
3aBHUCAT INIABHBIM 00pa3oM OT CBOMCTB MpHCamouHOro Martepuana. IIporecc ga3epHOi HarIaBKu
MIPOTEKAaeT B HECKOJIBKO CTaJAWH, BKIIOYAIOIINX CO3JaHHe (HU3NIECKOr0 KOHTAKTa, XHMHYECKOTO
B3aMMOJICHCTBHS (TIOIJIOLIEHUS JIa36PHOTO M3ITydeHHs), 0OBbEMHBIE MPOIECCH ¢ 00pa3oBaHHEM
MPOYHBIX CBs3ed B 00beMe HMpPOB3aMMOJCHCTBOBABIIMX MaTepuanoB. [ IOIMOJHUTEIBHOM 3a-
LIATHl OT 9PO3MOHHOTO pa3pyIIeHUs] PaboUYuX JIONATOK CTYNEHEiH IMIMHIpPA HU3KOTO JaBICHUS
000 «TexHONOTHYECKHE CHCTEMBI 3aIIUTHBIX MOKPBHITHI» pa3padoTaHa TEXHOJIOTHS HAHECEHUS
3aIIUTHOTO TOKPBITHS IEpa JIOMATKA METOIOM BBICOKOCKOPOCTHOTO Ta30TIIAMEHHOTO HAIbIIICHHSI.
JlarHas TexHONOTHS peanm3oBaHa kommanueil B 2012 r. mpu pemonte TypOounsr K-200-12,8 (Jle-
HUHTPaACKUAN MeTauryprudeckuii 3aBon) Ha 3amHckod [POC OAO «Taranepro» (ynmpouHeHHe
MOBEPXHOCTH TIepa pabodeii IOmaTKy MPOBOANUTCS 0€3 BBIEMKH 00JI0MaYeHHOTO POTOPA U3 IIMINH-
npa HU3Koro nasierus). [lo manasiM ['POC, Ha Hagano 2015 r. ciemoB 3pO3MOHHOTO U3HOCA Pa-
00YHX JIOMATOK HE OOHAPYKEHO.
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Increasing Efficiency of Repairing, Manufacturing
and Operation of the TPP Facilities by Technology
of Gas-Thermal Coating and Laser Surface Melting

0. E. Grachev”, V. M. Neuimin", D. V. Nasteka"
YLLC ‘Technological Systems of Protective Coating’ (Moscow, Russian Federation)

Abstract. The article considers effectiveness increase of the TPP heat-mechanical equipment re-
pair, manufacturing and maintenance as exemplified by gas-thermal technique for hardening last-
stages rotor blades of the steam turbines. The rotor blades work under conditions of intense power
loading, their airfoil being erosion-corrosion destructed by the action of the moist-steam flow.
Repairing companies employ quite a number of technologies to restore some of erosion-worn rotor
blades. Inter alia, argon-arc, plasma and gas-powder weld deposition of the original material with
subsequent machining, stellite protection recovery, electrical spark alloying the entry edge mat
surface, spraying ion-plasma coating on the blade airfoil surface. In domestic turbine building,
rotor blades of the steam turbines last stages are manufactured of martensitic class stainless steel.
The key condition for successful blade restoration is thermal effect minimizing on the base mate-
rial for excluding the slag areas possible forming. The laser surface coating technology provides
these conditions. They coat the surface of an item being processed by way of melting the base and
the adding material. In as much the base melts smallest, the coating characteristics depend mainly
on the properties of adding material. The procedure of laser coating passes through several stages
including physical contact creation, chemical interaction (laser radiation absorption), volumetrical
processes resulting in formation of stable bonds in volume of the materials that have reacted.
For the low-pressure cylinder rotor blades supplementary protection against erosion destruction,
LLC ‘Technological Systems of Protective Coating’ developed technology of the blade airfoil
protective finish by method of high-speed gas-flame sputter. The company realized this technology
in 2012 during K-200-12,8 turbine (of the Leningrad Metallurgical Works — LMZ) repairing in
Zainsk SDPP by JSC ‘Tatenergo’. The feature of the technology is performing the rotor blade
airfoil surface hardening without extracting the rotor out of the low-pressure cylinder and with
rotor blades remaining on the rotor. According the SDPP data, as for the beginning of 2015 there
are no traces of the rotor blade erosive wear detected.
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B crarbe paccmarpuBaeTcsi HOBBIH AJISI POCCUHCKOTO YHEPrOMAIIMHOCTPOE-
HUS cnocod ympouneHus paboumx nomarok (PJI) mocnemnux crymened mu-
muaapa Hu3koro masneHus (L{HJ) maposeix Typbmn TOC, npennmoxeHHBIH
000 «TC3II». PJI mocaenuux crymneHeil TypOWH SKCIUTyaTUPYIOTCS B YCIOBH-
SIX, XapaKTEPU3YEMbIX BBICOKMM CHJIOBBIM HArpy>KC€HHEM, HaJMYUEM KOpPpO3u-
OHHO aKTUBHBIX CPell, SPO3HOHHBIM U3HOCOM IOBEPXHOCTH JIONATOK BCIICACTBHUE
KaIjieyJapHOro BO3JIEHCTBHSI Ha HUX BJIa)KHO-IApOBOTo MoToka [1].

B orcyrcTBHE nOcTaTouHOrO (PMHAHCHUPOBAHUS MHOTUME PEMOHTHBIE KOMIIA-
HUU OCYLIECTBIISIFOT peMOHT PJI, peanusyroT MeponpusTHs, HalPABJICHHbIE HA
MOBBIILIEHHE CPOKA MX CIyXObl. JlaHHas mpobiema peraeTcss UMM 3a CUeT HC-
[OJIb30BAHUSL LIEJIOTO Psila TEXHOJIOTWHA: aproOHOAYTrOBOM, IJIa3MEHHOW W ra-
30MOpPOIIKOBOM HAIUIaBKM OCHOBHOTO Martepuaia [2—4], 3JeKTpOHUCKPOBOro
JIETUPOBAHUS ITOBEPXHOCTHOTO CJIOsS BXomHOW kpomkm PJI [5], mamecenms
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MOHHO-TIA3MEHHBIX TOKPBITHA Ha TOBEPXHOCTH IEepa JIOMATKH [6], a Takke
MpUNANiKK CTEJUIUTOBBIX IJIacTHH [7, 8].

[TockombKy OCHOBHBIMH MaTepualiaMHd, TPAJUIMOHHO HCIOJIb3YEMBIMHU B
otedecTBeHHOM TypbOocTpoenuu, o I'OCT 1896873 sBnstoTcs cTanm MapTeH-
cuTHOro kjacca Mapok 12X13, 20X13, 15X1IM®, cymiecTBeHHOE YCIOBHE
YCHEITHOTO TIPOBEICHISI OTIEPaiy BoccTaHOBIEHUSI PJI — 3T0 MUHMMU3AITHS TET-
JIOBOT'O BO3/ICHCTBUS HA OCHOBHOM MaTepua JJIs UCKITIOYeHUsT OPMUPOBAHUS 30H
MOJIKAIKK. Takoe BO3MOXKHO TP HMCIONB30BAHWU TEXHOJIOTHWH JIa3epHOM HaIllaB-
KH, KOTOpasi 3aKIII0YaeTCs B HAHECEHHH HA MOBEPXHOCTh 00pabaThIBAEMOT0 H3Jie-
JIUSI TIOKPBITUS ITyTEM PacIUIaBIEHHUs] OCHOBBI M NIPUCAJOYHOTO MaTepuaia. Benen-
CTBHME TOTO YTO OCHOBA IOJIUIABIISIETCS MUHHUMAIbHO, CBOWCTBA MOKPBITHS TJIaB-
HBIM 00pa30M 3aBUCAT OT CBOWCTB TMPHUCAOYHOr0 Marepuaina. LIpu sTom mporecc
Jla3epHON HAIUIaBKU TPOXOAWT B HECKOJIBKO CTaJWH, BKIFOYAIOLIMX  CO3JaHHE
(hPM3UIECKOTO KOHTAKTa, XUMHYECKOTO B3aUMOJCHCTBUS (TIOTJIOMEHHS Ja3ePHOTO
W3ITy4YeHusl), MpOTeKaHne 0ObEMHBIX TPOIIECCOB ¢ 00pa30BaHUEM MPOYHBIX CBS3EH
B 00bEMe MPOB3aMMO/ISHCTBOBABIINX MaTEPHAIIOB.

AKTHUBAIMS KOHTAKTHOM MOBEPXHOCTH MPHU HAIIABKE OCHOBHI OCYIIECTBIIS-
€TCs IyTeM BO3JEUCTBUS CPOKYCHPOBAHHOTO H3IYYEHHS, BBI3HIBAIOIIETO JIO-
KallbHBIA HarpeB ¢ 00pa3oBaHUEM BAaHHBI PACIUIaBa, B KOTOPYIO MOJAETCS MpH-
cafouHbIil Matepuan. [Ipu 3ToM nogaya NprUCagoYHOro MaTepraia IpoXoaAUT IO
MPUBEICHHOM Ha pHC. 1 cxeMme.

JlasepHslii 1yu

3amuTHbIN ra3
ITopomok
U TPaHCIOPTHPYIOLMI
ras

Pabouas moBepxHOCTH

Puc. 1. Cxema noJiavuu MprucajovHoro Marepuraia B BaHHY paciijiaBa Ipu J'Ia3epH0171 HaIlaBKe

Fig. 1. The feeding diagram of adding material to the molten pool at overlaying laser welding

BrIcokasi KOHIIEHTpaIusi SHEPTHH B TSTHE HAarpeBa CO3JacT BO3MOXKHOCTh
MPOBEACHHS TIPOIlecca MPH IMOBBIMIEHHBIX CKOPOCTSIX 00paboTKH, 00YCIOBIIH-
BaIOIIUX:

¢ (hopMHpOBaHWE HATUIABJICHHOTO CJIOS C MaJBIM KO3(QPUIIMEHTOM TepeMe-
muBanus Y = 0,05-0,15 B pe3ynbrare HE3HAYUTETHHOTO MTOATIABIICHUS OCHOBBI;

e MHHUMAaJIbHOE TEPMUYECKOE BO3/ICHCTBHE HAa OCHOBHOW MaTepHal, 4To
0COOEHHO BaXKHO JUIsI MAaTEPHAJIOB, MPETEPIIECBAIOIINX CTPYKTYpHBIE U (a30BbIC
MIPEeBPAICHHUS;

e MaJIbIC OCTATOYHBIC JeOpPMAIIMK HATUIABIICHHBIX JCTaJICH.
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IIponiecc na3epHO HAIJIABKU BBIMOJIHSAETCS MPU MOMOIIM JIa3epHON ycTa-
HoBkH THna LDF 6000, obnanaromeli cieqylouMy TEXHUYECKUMH XapaKTepH-
CTUKaMHU:

e THUII JIa3epa — TBEPJIOTEIbHBIN, TUOJIHBIN;

o quinHA BOJHBI — 900-1030 HM;

e MaKCHMaJTbHAsI MOITHOCTh M3ITydeHus — 6 KBT;

e hokycHOe pacctossHUE — 250 MM;

« hopma 1 pasmep Jyua B Gpokyce — kpyriaas ©¥3,13 MM UM IpsSIMOYTroJIEHUK
pazMepoM 16x3 mm.

1 BoccTaHOBIEHUSI TeOMETpUM BXOAHOM kpomku PJI nmpumensiiu mpucamou-
HBIA MaTepua, CXOXHUHM M0 XMMUYECKOMY COCTaBY C MaTepuarioM OcHOBBI. Ilepexn
HAILIaBKOM CTEJIMTOBBIC IUIACTHHBI yIASUTH, OCTaTKH Je(EKTHBIX cioeB Ha PJI
3a4rIIany adpa3uBHBIM KPYTOM B 30HE TIOI0aHAaKHOTO TIPOMBIBA ¥ TTPHIIETAIOIINX
K Hel 30Hax. [IpeaBaputensHO Tiepe]] HAIIABKOM TPOBOIMIIN BRIOOPKY MaTepraia
OCHOBBI B 30HE MOJ0aHJAKHOTO MPOMBIBA JIOTIATKH. 3aTEM JIOMATKY YCTAHABIUBAIH
B CHCUUAIM3UPOBAHHON OCHACTKE, 3aKPEIUICHHOW Ha IUIAHINAW0€ MOBOPOTHOTO
ctoina. [Iporecc HarIaBKU BBIITOJTHSUICS 10 3apaHee pa3paboTaHHOW YIIPABIISIONICH
MporpaMMe TIpH TTOMOIIM TPOMBIIIIEHHOT0 aBTOMAaTH3MPOBAHHOIO po0oTa, BXO-
JUILIETO B COCTAB KOMILIEKCA J1a3€pHOI HAIUIaBKU.

[IpoBeneHo mertamtorpaguueckoe HUCCIEAOBAHUE KOHTPOJBHBIX O0pa3IoB
ctanu 20X13 ¢ HammaBKOM CXOXKEro MO0 XMMHUYECKOMY COCTaBY MPHUCAA0YHOTO
Matepuana. [lomyueHHass MHKPOCTpYKTypa mUTH]a, MOKa3aHHAs Ha pHUC. 2,
XapaKTEPU3yeTCsl ONHOPOAHOCTHIO HAIUIaBKH, OTCYTCTBUEM 30H HECILUIABIIE-
HUS, a TaKkKe TpemH U nedekToB. TBepmoCTh HAIUIaBIEHHOTO CIIOS COCTa-
Buwia 50-52 HRC. Benuunna 30HBI TE€PMHYECKOTO BIMSIHUS BapbUPYETCS B
npenenax 200-400 MM, 9TO SBISETCS OTIIMYUTEIHLHOW OCOOCHHOCTHIO METOJa
JIa3€pHOM HaIlJIaBKH.

206,03 pm|

Puc. 2. MukpocTpyKTypa KOHTPOJIbHOTO 00Opa3ia cranu Mapku 20X 13

Fig. 2. Microstructure of the 20Kh13 steel reference sample

B npornecce HannaBky pacpocTpaHEHHE TEMIIEPATypHOTO MOJIs 110 MaTepHU-
aJly OCHOBBI, a TaKXe TeMneparypy nepa PJI B HECKONBKMX TOUKax KOHTPOJIH-
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poBaM C MOMOILIBIO TeIuioBu3opa. [lomydeHHble aHHbIE IOMOIVIM 1OX00PaTh
ONTUMAJIbHYIO TPAEKTOPHIO JABHMKEHUS JIa3€pHOIO JIyya IO IOBEPXHOCTH 3aro-
TOBKH JIOTIATKH I BOCCTAHOBJICHUS €€ TEOMETPHH C LIEJIbI0 HE JOITyCTUTD 3HA-
YUTEJIBHOTO HarpeBa MaTepuaia OCHOBBI M 00pa30BaHMs 30H MOJKANIKH.

B mocnenyromem BoccTaHOBIIEHHBINH ydacTok nepa PJI mexanmdecku obOpa-
OaTbIBalM 10 TpeOyeMbIX pa3MepoB (puc. 3), KOHTPOJIb HAIUIABJICHHOTO CIIOS Ha
HaJIMYUe TPEIIWH MPOBOUIN METOAOM IIBETHOH e ekTocKonuu (puc. 4).

Puc. 3. Boccranosnennoe nepo PJI Typounsr K-300-23,5
JleHHHTpaACKOro MeTauTypruueckoro 3asoja (JIM3)

Fig. 3. Restored RB (rotor blades) airfoil of K-300-23,5
Leningrad Metallurgical Works (LMZ) turbine

Puc. 4. Pe3ynbTaThl 1IBETHOH 1e()eKTOCKOIMU BOCCTAHOBJICHHOH yacTh mepa PJI
Typ6unst K-300-23,5 (JIM3)

Fig. 4. The dye penetrant inspection results for the restored RB airfoil portion
of K-300-23,5 (LMZ) turbine

Ilocne BoccranoBinenust reomerpun PJI BoccTaHaBimBaiu clIOH cTesMTa
C WCTOJB30BaHNEM TEXHOJIOTHH Jla3epHOW HaruiaBku. [Ipu 3ToM dopmupoBaHue
HAIUTaBJIEHHOTO CJIOS OCYIIECTBISUIM C MHUHHMAaJIbHBIMH OCTAaTOYHBIMHU HAIps-
JKEHHUSMH, YTO TIO3BOJISJIO COXPaHHUTh NepBoHAUanbHbI npoduis PJI. Kontpons
kadectBa PJI ocymecTBIsIM IMyTeM KOHTPOJS TEXHOJOTHYECKUX MapaMeTpOB
nporecca (mst 100 % 3aroToBOK), KamwuISpHOU JEePEKTOCKOUH U KOHTPOJIS
30H MOJIKAJIKH C HCIMob30BaHneM npubdopa Tuna 30H/ B/I-96.

B nacrosimee Bpemsi nannasi TexHosorusi pemonta PJI mpoxoxuT ampoba-
nuo Ha Oase ¢uimanga pemoHTHO-cepBucHoro mnpeanpusatus OAO «KBAPIL]



O. E. I'payes, B. M. Heyiimun, /]. B. Hacmexa
60  Tlosbimenue 3¢ PEeKTHBHOCTH PEMOHTOB, M3TOTOBIIEHHUS M SKCILTyaTauy o0opyaosanus TIC. ..

I'pymm» (Koctpoma). [IpoBenerrbIe MOCKOBCKHM DHEPTETHUESCKIM HHCTHTYTOM
B anpene 2015 r. uccrneaoBanus Ha 00paslax NMOKa3aJiv MOBBIMICHUE CTOHKOCTH
HAIUTaBKH IMTOPOIIKOBOTO CTEIUINTAa K a0pasMBHOMY W3HOCY IO BO3IEHCTBHEM
BJIQYKHO-TTAPOBOT'O TIOTOKA C YacTHIaMH Biaru pasmepom 800 MKM IO cpaBHE-
HUIO CO CTOMKOCTBIO MPUMASHHBIX CTEJUIMTOBBIX IJIACTUH HA BXOAHYIO KPOM-
Ky PJI B cemb u Gonee pas.

st TonoTHUTENBHOM 3allIUThI OT 3PO3UOHHOTO paspyiuenus PJI nocneaHux
cryneneit mapossix TypouH OO0 «TC3I1» pa3zpaboTaHa TEXHOIOTHS HAHECCHUS
3aIIUTHOTO MOKPBITUSA METOJIOM BBICOKOCKOPOCTHOT'O Ia30IJIaMEHHOTO HaIlblIe-
Hus. [laHHas TexHomorus peann3zoBaHa kommanuei B 2012 r. B meproa peMoHTa
Typ6unsl K-200-12,8 (JIM3) na 3aunckoit [POC OAO «Tatanepro». Pabotst
o ynpouyHeHuo rmoBepxHocteit PJI nByx mocnennux crymeneit 11H/] Obwu BoI-
MOJTHEHBI Ha 00JI0TIaueHHOM poTope [9].

Bpemsi HaHeceHUS] TIOKPBHITUS Ha OOJIOMAYeHHOE KOJeco TYpOUHHOM CTYIECHH
COCTaBHJIO JI0 OTHOW HEJIeTH Py OJHOCMEHHOW pabote Tpex uenosek. [Ipu ocMoT-
pe PJI typ6unst K-200-12,8 (JIM3) B stHBape 2015 r., yepe3 ABa rofa mocie HaHe-
CEHMsI YIIPOYHSIIOIIETO TMOKPBITHS W TMOCIEIYIONIEH AKCILTyaTalii TYpOWHBI, He
BBISIBJIEHO CJIEJIOB €TI0 MOBPEKACHHS (3PO3MOHHOTO Pa3pyIIEHUs TOKPBITHS).

lNazorepmuueckue TeXHOIOTUN HaHeceHHus NOKphIThH [ 10] MoryT ObITE TpH-
MEHEHBI B 3JICKTPOIHEPIeTHKE MPH PEMOHTE TypOUH, HAIIpUMED TSI BOCCTAHOB-
JICHWUsI U YIPOUYHEHHUsI MMOBEPXHOCTEH MOCaJKH JIeTalieil 1 COOpOYHBIX EIUHHII,
BOCCTAHOBJICHHsI 0aOOWTOBBIX MMOMAIIUITHAKOB, HAHECEHUS MPHPaOaThIBAEMBIX
MTOKPHITHA B3aMEH HM3HOUICHHBIX KOHIEBBIX M HAM0AHIAKHBIX YIUIOTHEHWH, a
TaKKe IS 3alUTHI 2JIEMEHTOB KOHCTPYKIIMI 3aMOpHOI U perynupyromieii apMa-
Typsl TOC 1 Ipyrux neranei.
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