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SUBSTANTIATION OF EFFICIENCY OF PLASMA RECOVERY OF PHYSICAL
AND MECHANICAL PROPERTIES OF TURBINE BLADES OF CHP

Annotation: The results of researches, on the basis of that it is possible to draw conclusion that
carried-out restoration of an entrance edge of blade, by laser-plasma spraying, meets requirements imposed
to restoration of entrance edges of turbine blades, are presented in the article. The results of metallographic
searches prove the prospects of the proposed method of recovery of turbine blades. Based on the work
carried out, it was found that the complex treatment of the blades after their restoration with plasma surfacing
increases the resistance to cold cracks by more than 1.5 times.

At the same time, structural violations of the metal base are not observed. Studies of cause-effect
relationships between the dynamic load of the turbine and the physical and mechanical properties of the
material allowed to expand the horizon of understanding the formation of fatigue stresses in the structure
and their influence on the changes in the phase components of the recovered turbine blades of the CHP.
The developed technology of plasma recovery of power equipment parts extends the boundaries of
innovation in the broad sectors of the economy of Kazakhstan.

Key words: plasma welding, plasma spraying, turbine blades

Introduction. Nowadays on the territory of the CIS there are more than 500 Combined
Heat and Power Plant (CHPP), State Regional Power Plants (SRPP), hydro and other types of
electric power plants. More than 50 of them are on the territory of Kazakhstan.

It should be noted that the turbines of power plants are worn on 65%.At the moment, the
amount of electricity generated on the power plants provides the needs of the industry in energy,
but the dynamics of prices for energy, repair and maintenance is progressively increasing.

In power industry for the drive of generator is mainly used the turbine with rotational
movement of the rotor with blades, The blades convert the kinetic energy of the steam (water, gas)
jet into mechanical work [1].

In operation, the turbine blades are subjected to intensive erosion wear. Hardening of the
blade’s working edges is provided by welding or spraying of the expensive stellite coatings, which
causes the relevance of plasma technology researches.

The possibility to use the blades repaired using the new technology (which under the
current procedure is rejected) creates a good basis for the diversification of this research direction
due to the original high-quality product - the blade of turbine unit. There is appeared the possibility
for its "reanimation" and development of a universal technology for high-quality prosthetics of
blade’s worn parts, which reduces the cost to 3-3.5 times [2-3].

Particular attention is paid to the restoration of the blades directly on the rotor without
dismantling them on the base areas of power plants (figure 1).

T '
Figure 1 Recovery of low pressure rotor blades on the turbine
The turbine blades made of steel 20H13 (GOST 5632-72) intended for setting on low
pressure rotor turbine 60-90 / 13 were restored. There was the restoration of leading edges of the
blades by welding and spraying with fusion of the edges.
The developed recovery process was carried out using argon-arc welding with the use of
wire EP 533 (08H20N57M8V8T3R-ID. Flame spraying was made by powder PN70H17S3R3 (PN).
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The study of physico-mechanical properties of the reconstructed surface, blades held in
OJSC “TGC Ne9” Ekaterenburg branch.

The layout of the blade with the welded and sprayed coatings is shown in Fig 2. The cross
templets were cut from the blade for testing:
o templet was cut from the starting part of the welded coating,
o templet was cut from the middle part
o templetof the welded coating,

Figure 2 — Layout of the blade that was sent for testing with tégged for cutting templets

1. Control of a metal uniformity of a blade feather was carried out by method of Physical
Configuration Audit (PCA) and penetrant flaw detection all along feather from an entrance of the
steam to the steam-out [4].

Penetrant flaw detection was carried out in accordance with GOST 18442-80 according to
the uniform test procedure and RRNI(Rules and regulations in the nuclear industry) G-7.015-89.

Special attention was paid to zones of welding and spraying.

Physical Configuration Audit showed that there are neither cracks no other defects in a
zone of coating.

Penetrant flaw detection showed that cracks, lack of fusion between welded coating and the
basic metal, welded and sprayed coatings aren't exist.

By results of PCA and penetrant flaw detection of metal uniformity of blade’s metal is
confirmed.

2. Metallographic analysis and hardness measurements.

The scheme of blade cross section with welded and sprayed coatings and layout of the
templet Ne 2 are given on figures 3 and 4.

Research was conducted on cross samples. The configuration of zones on the feather of
the blade for all three templets is identical.

welded coating

Zone 2 The argon-arc welding
Wire EP 533

sprayed coating

A-A

Zone 3, fusion line
zone of thermoinfluence (ZTI)

Zone 4, blade's body

basic metal
Basic metal of the blade P

Figure 3 — Scheme of the blade section with welded and Figure 4 — Cross Templet of the blade.
sprayed coatings.

Analyzing the microstructure of the sample (figure. 5a) it is established that the
microstructure of the base metal of the blade is a fine-needle drawback troostite, the grain size
corresponds to 5-6 points according to GOST 5632.

TRNRE BT TN 2 g

LR

it
[y
j
M

Figure 5 — The microstructure of the samples
a — the microstructure of the basic metal of the blade (x500)
b — the microstructure of the basic metal of the blade in the zone of thermoinfluence of welding (x500)
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A sample of figure 5b is presented in the form of a microstructure of the base metal of the
blade in the surfacing in the zone of thermoinfluence of welding also fine-needled drawback
troostit, partially spheroidized, the grain size corresponds to points 5-6 according to GOST 5632.

The welded coating’s microstructure is uniform and austenitic (figure 6 a, b). The size of
grain corresponds to points 6-8 according to GOST 5632. In metal of welded coating there are
some sigma phase allocations, their quantity is insignificant. Availability of d-ferrite in welded
coating isn't revealed. Microstructure of the border between welded and sprayed coatings is
smooth, lack of fusion of the sprayed coating isn't revealed.

a

Figure 6 — The microstructure of the samples
a — the microstructure of the welded coating (x500),
b — the microstructure of welded coating on the border with the welding zone (x100)

Microstructure of the welded coating layer is biphasic (figure 7 a, b): austenite with a small
amount of sigma - phases. The size of grain corresponds to points 6-8 according to GOST 5632. In
metal of welded coating, there are separate allocations of sigma - phases, d-ferrite in metal is not
found. Border of welded and sprayed coatings is smooth, peeling of the sprayed coating isn't
revealed.

Figure 7 — The microstructure of the samples
a — the microstructure of the sprayed coating (x500),
b — the microstructure of welded coating on the border with the spraying zone (x500)

3. Measurement of hardness.
Measurement of microhardness was taken by the PMT-3 device. (figure 8).

Microhardness,
HEB

I

600 +

Basic Basic metal ~ Welded  Sprayed
metal in ZTI of welded ~ coating coating
coating

Figure 8 — Measurement of microhardness by the PMT-3 device

Conclusion.
Thus, the conducted research showed:
1. Metal uniformity:
— Cracks in a zone of thermoinfluence aren't revealed.
— In the welded coating metal defects like voids, cavities, blowholes, cracks, lacks of fusion
are not revealed.
— The sprayed coating is dense and not porous.
2. Microstructure and point of grains in zones:
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— Microstructure of blade’s metal in zone of thermoinfluence of welding is troostitic, partially
coagulated.

— Microstructure of welded coating metal is uniform, austenitic with a small amount of sigma
phase allocations (volume of fraction less than 1%), d-ferrite isn't revealed.

— Microstructure of sprayed coating is biphasic.

— The grain size in the basic metal of blade and in the zone of thermoinfluence of welding
corresponds to 5-6 point in accordance with GOST 5632, the size of austenitic grain in
welded coating corresponds to 6-8 point in accordance with GOST 5632.

3. O-ferrite availability:
— O-ferrite in the welded coating metal isn't revealed.
4. Hardness of metal in zones:

— Hardness of the basic metal and the zone of thermoinfluence is almost identical (249-257
HRB). Slight increase of hardness in the zone of thermoinfluenceisn't essential;

— Hardness of the welded metal is 220 HRB that corresponds to requirements of the
specifications and technical documentation for the welding executed by austenitic
electrodes;

— Hardness of the sprayed coating is 590 HRB, the spraying is executed by an wear-resistant
alloy.

Based on the conducted research it is possible to make a conclusion that the carried-out
restoration of an entrance edge of blade meets requirements imposed to restoration of entrance
edges of turbine blades. The developed technology of plasma restoration of details of the power
equipment expands borders of innovation application for wide spheres of economics of
Kazakhstan.
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MNA3MAINbIK KAIMbIHA KENTIPY TUIMAINITH HEFM3OEY K30 TYPBUHACDBIHbIH X¥MbIC
KANAKTAPbIHbIH ®U3UKA-MEXAHUKATbIK KACUETTEPI
B.B. CaBuHkuH, T.1O. PatywHas, J1.A. Kucenes

Makanala nasepnik-rnnasmarnsiK mo3aHOaHy o0iCiMeH KarnakmbiH Kipy XXueeiH KasrbiHa Kesmipy
mypbuHa KanakmapbiHbiH Kipy XXUEKMEpPIH KannbiHa Kenmipyae KolbliambiH mananmapra xayar
b6epemirdiei myparnbl KopbimbiHObI Xacayra 6onambiH 3epmmeynepdiH Hemuwkenepi bepinegeH.
Memarinozpachusinbik 3epmmeynepdiH Homuxenepi YCbiHbiFaH mypbuHa KanakmapbiH KasfbiHa Kenmipy
adicmemeciHiy nepcrniekmusarnbinbifbiH  0asiendeldi. XKypaisinzeH xymbicmap HezidiHOe KarakmapOobi
KeweHOi eHOey onapdbl nnasmarnbiK bankbimyMeH KarrbiHa KerimipeeHHeH KeliH CyblK Xapbikmapra
mesimoinikmi 1,6 ecedeH apmbiK apmmbipambiHbl aHbikmandbl. byn pemme Memarnn He2isiHiH
KypblibIMObIK 6y3binybl 6alikarimalios.

TypbuHaHbIH OUHaMUuKarbIK XykKmemeci MeH mMamepuarndbiH u3uKasbIK-MexaHuKarbiK Kacuemmepi
apacbiHOarbl cebern-candapnblk 6alnaHbicmapObl 3epmmey KypbinbiMOarbl wWapway KepHeyepiHiH
KanbinmacyblH mycCiHyOiH KekxueeiH KeHelmyee xoHe onapdbiH MXX30 mypbuHacbkiHbIH KasrbiHa
KenmipineeH KanakmapbiHbIH basarnsiK KypaybluumapbiHblH e32epyiHe biknan emyee MyMKiHOiK 6epdi.
OHepzemukarbiK XabobIKmbiH 6enwekmepiH nnasmarnbiK KanrblHa KenmipyOiH a3iprieH2eH MexHOMoausichl
KasakcmaH 3KOHOMUKacCbIHbIH KeH cananapbiH0a UHHO8aUUsIHbI KordaHy wekapachkiH KeHelmeoi.

TytiH ce3dep. TypbuHanapObiH Karakmapal, riasmarbik KanrnbiHa Kesimipy, rnaamarbsik mosaHoamy
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OBOCHOBAHUE 3®®PEKTMBHOCTU NNASMEHHOIO BOCCTAHOBIIEHUA
PUSNKO-MEXAHUYECKUX CBOUCTB PABOYUX NOMATOK TYPBUHbI T3L
B.B. CaBuHkuH, T.1O. PatywHas, J1.A. Kucenes

AHHOmMauyus: B cmambe npedcmasrneHbl pe3ynibmamsbi uccriedosaHuli, Ha OCHO8aHUU KOMmOpPbIX
MOXHO cdennamb 8bI800 O MOM, YMO MPo8edeHHOEe 80CCmMaHo8IeHUe 8X00HOU KPOMKU sloramku, MemooOom
1a3epHO-MIa3MeHHO20 HarblleHUsl, omeevyaem mpebosaHusiM, MpPedbss/iieMbIM K 80CCMaHO8MEeHU0
8XO0HbIX KPOMOK Jiornamok mypbuH. Pe3dynbmambi Memarnnozpagudeckux uccredosaHuli dokasbigarom
nepcrnekmusHocms ripednacaemoli MemoOUKU 80CCmaHo8/eHuUs1 lonamoKk mypbuH. Ha ocHosaHuu
rposedeHHbIX pabom ycmaHOo8/1eHO, YmMo KOMIIIekcHasi obpabomka /10rnamokK rocsie Ux e0CCmaHoB8/IeHUs]
rnnasMeHHoU Harnaskol rnosbiwaem cmolkocmb K X0/100HbIM mpewuHaMm 6osiee yem 8 1,5 pasa. [Npu amom
CMPYKMypPHbIX HapyweHuli OCHO8bI Memarinia He Habrodaemcs.

UccniedosaHusi MpuUYUHHO-CIeOCMBeHHbIX c8s3ell Mexdy OuHamudeckol Hazpy3kol mypbuHbl U
U3UKO-MexaHU4YecKuUMU ceolicmeamu Mamepuasia [0360/UU  paclupums 20pU30HM  [TOHUMAaHUs
opmMuUpoBaHUsI yCmarnoCmHbIX HarpspKeHuli 8 Ccmpykmype U eflusiHue UX Ha U3MeHeHUsl ¢ha308bix
cocmaesisiruUux 80CCmMaHo81eHHbIX 1ornamok mypbuHel TOL. PaspabomaHHass mexHos102us rnnasmMmeHHO20
soccmaHosneHuss Odemarnel 3Hepaemu4yeckoeo o0bopydoeaHusi pacuupsiem epaHuubl [NPUMEHEHUSs
UHHOBaUUU 8 WUPOKUX cghepax 3KoHOMUKU KaszaxcmaHa.

Knroueenle cnoea: Jlonamku mypbuH, ninasmeHHOe 80CCmaHo8/ieHue, Na3MeHHoe HarlblieHue

MPHTW: 58.33.01

M.K. CkakoB?,H.A. Cyneiimenos', B.M. Kotos?, I".A. BuTiok?, A.C. Cypaes?®
'BocTouHo-KasaxcTaHCKuii rocyiapcTBEeHHbIN TEXHUYEeCKWiA yHuBepeuTeT um. [l. CepukbaeBa,
r. Yctb-KameHoropck

“dunnan UAD PITI HALL PK, r. KypuaToB

O BE3OINACHOCTHU HEPAC‘-IETHpIZ CUTYALIMU B XOAE SKCMNEPUMEHTAJbHbIX
NCCNEAOOBAHUUN PEAKTOPHbIX ABAPUU HA UTP

AHHOMauuus: 8bINoHeHbI uccriedosaHusi 8 060CHO8aHUE be3onacHOCMU rMpPo8edeHUsI peakmopHbIX
akcriepumeHmos Ha UIMP, noceswieHHbIX MOoOenuposaHUro agapuliHbIX Mpoueccos, 803HUKarWUX 8 xode
pabombl  6biICMpbIX 3HEP2EeMUYECKUX amoMHbIX Peakmopoe8 C HampuesbiM MersioHOCUMErem.
Onipedenerbl ycriogusi 603HUKHOBEHUST HepacdYemHbIx cumyayul Ha UIP[1] ¢ makcumarnbHO 803MOXHbIM

macwmabom nocnedcmeud. OnpedeneHsbl HelimpoHHO-hu3uvecKue u mernnogusuveckue
XapakmepucmuKku pa3gumusi HepacyemHo20 aeapuliHo20 rpouecca Ha rpuMmepe xapakmepHou
KOHCMPYKUUU  3KCcriepuMeHmarsbHo20  ycmpolicmea, ycmaHaenueaemozo 8 ueHmparbHblil

aKkcriepumeHmarbHbil KaHan UIMP. [NonydeHHble pesyrnbmambsl menoghusuyeckux pacyemos roka3sarsnu,
ymo 8 cfy4yae peanusayuu HepacdemHoU cumyayuu fpu  8HYmMpUPeaKmopPHbIX  UCMbIMaHUsX
aKcriepumMeHmarnbHo20 ycmpolicmea C MosbileHUeM MOWHOCMU peakmopa U 3HepeosbiderieHuUs 8
HeM,KOHCmpYyKyusi yempolicmea obecriequgaem mepMUYecKyro 3awjumy e20 371eMeHmMo8 U, memM caMbiM,
B803MOXHOCMb 6e30MacHo20 rpogedeHus aKcriepumeHma Ha peakmope UIP.

Knroueeble crioea: sHympupeakmopHbie UCrbimaHUsi, dKcriepuMeHmarnbHoe ycmpolcmeo, mear
bbicmpoeo peakmopa, peakmopHasi asapusi

BeepeHue. [MpoBognmoe BedyLMMU NpegnpusTUAMU aTOMHOW MHOYCTPUU MHTEHCUBHOE
pasBuUTUE TEXHOMOrMn BbICTPLIX PEeakTOpOoB C HAaTPUEeBbLIM TeNrnoHocuTenemMm TpebyeT paclumpeHus
aKcrnepuMeHTanbHon 6asbl AaHHbIX MO TSXKENbIM aBapusM NPUMEHUTENBHO K paspabaTbiBaeMbiM
npoeKTam peakTopoB.

Haunbonee npeacraBuTenbHbIM CNOCOOOM MOMYYEHUSA TakMX OAHHBIX ABASIOTCA UCMbITAHUSA
3NeMEHTOB aKTMBHbIX 30H B MUCCnegoBaTenbCknx peakropax. [py npoBeaeHUn SKCNepuMeHToB B
PEeaKTOPHbIX YCMNOBUSAX MOXeT OblTb OOCTUMHYTO MakcumarnbHOe npubnmxkeHne K BO3MOXHbIM
HaTypHbIM pexumam [2,3].

[na nopobHbIX 3KCNEepUMEHTOB C MOAENWPOBaHWEM aBapUMHOW CUTyauuK, Bbl3BaHHOW
npekpawleHvemM umpkynauumn tennoHocutensa B HALL PK 6bino paspabotaHo akcnepyMeHTanbHoe
YCTPOWCTBO, NpeAcTaBreHHoe Ha pUCyHke 1.
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