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Abstract. In the course of long-term operation of hydroelectric units, they are subject to wear and tear, which negatively affects the
power generating capacity of the hydroelectric power station. The existing repair technology provides the restoration of the geometric
dimensions of the impeller chamber of the hydraulic unit using an austenitic cladding layer. However, this technology is characterized
by the occurrence of cracks and delamination of the deposited layer during post-repair operation, which is negatively reflected in the
production cycle of electricity. A new technology and welding consumables have been proposed for repair and restoration works of
hydroelectric units at hydroelectric power plants, providing an increase in the quality level, high characteristics of hydroabrasive and
cavitation resistance, and increasing of working period of hydroelectric power plants. Inspection of the body of the hydraulic unit was
carried out, defects were identified and classified, the reasons for their occurrence were analyzed. The research results make possible
to optimize the alloying system of the deposited metal, to determine the optimal welding mode, to reduce the amount of the martensite

component and to develop new filler materials and the technology for welding and repair works of hydroelectric power plants.

Keywords: high-alloy weld metal; low carbon steel; transition zone, hydroelectric power station; cracks.

Introduction

A significant part of the world and Ukrainian elec-
tricity product by the hydropower industry. Hydroelectric
units make the production of electricity in hydroelectric
power plants. The principle of their operation work consists
in the flow of water to the blades of a hydro turbine, which
drives a hydro generator, which generates electricity.

The hydraulic unit consists of the water hydroturbine
and the hydroelectric generator connected by a general
shaft and located in the metal-concrete case of the impeller
chamber (Fig. 1). The impeller chamber is a metal structure
of low-alloy low-carbon steel (Steel 3).

The generating power of hydraulic units largely de-
pends on the efficiency of the kinetic energy of water,
which transmitted through the impeller chamber on the tur-
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bine blade. In the process of long-term operation, the work-
ing surface of the cladding metal layer of impeller chamber
is destroyed by cavitation and hydroabrasive wear.

For this reason, the gap between the impeller cham-
ber and the turbine blades increases, the unproductive con-
sumption of water kinetic energy also increases and the
generating power of the hydraulic unit decreases.

To restore its generating capacity, welding and re-
pair works of the metal cladding layer should be periodi-
cally made. Most surfacing as usual performed with elec-
trodes TsL-11 type E-08Cr20Ni9Mn2Nb.

However, the use of this technology increasingly
leads to the setting of hydraulic units for unscheduled re-
pairs, due to the detection of cracks, spalling and delami-
nation of the deposited cladding layer, which negatively re-
flected in the production cycle of electricity.

The purpose of this research was to determine and
classify the types of defects formed during the impeller
chamber exploitation, analyze the causes of their occur-
rence, as well as offer a new technology and welding con-
sumables for repair.

Development of the technology of repair and resto-
ration work of hydraulic units, which ensures an improve
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Fig. 1. Hydraulic turbine design: 1 — stator, 2 —
rotor, 3 — turbine generator shaft, 4 — turbine
blades, 5 — water flow

ment of repair quality and decrease the formation of depos-
ited metal delamination, an increase characteristics of hy-
droabrasive and cavitation resistance, and increase the du-
ration of between-repairs term is an urgent task [1]

Obtained Results

The efficiency of welded joints of dissimilar steels is
largely determined by the state of the metal in the transition
zone. Structural and chemical heterogeneity, which, as a
result of exposure to elevated temperatures and pressures,
cyclic mechanical loads, thermal cycling and aggressive
substances, undergoes degradation and initiates destruction
by cracking, knife corrosion and metal delamination.

A timely assessment of the technical condition of the
hydraulic unit and the identification of internal defects and
damage is very important. Deterioration of the technical
condition of the impeller chamber or its performance indi-
cators should be timely detected during periodic inspec-
tions and regular technical surveys, as well as in emergency
situations when violations are detected in the operation of
the hydraulic turbine, carried out with a drained flow path.

In the course of these studies, an inspection of the
impeller chamber was made, the service life of which at the
time of inspection was more than 50 years. Due to the in-
accessibility of inspection of the outer wall of the chamber,
a visual inspection of the body was made only from the in-
side.

The results of the inspection showed that, based on
the residual wall thickness, the chamber was made of sheet
metal 26...28 mm thick in sheet-by-sheet assembly. Out-
side, the chamber is reinforced with stiffeners, which are
pulled together and filled with cement mortar.

A cladding layer was deposited on the surface of the
impeller chamber, which was made more than 20 years ago
and was caused by significant corrosion of the chamber
wall in the zone of movement of the impeller blades. Clad-
ding was made in two stages: manual arc cladding of the

base metal of the most corroded parts of the body to the
required thickness, followed by cladding with a semiauto-
matic welding.

In addition, at the same time, injection of the solu-
tion into the resulting voids from the side of the contact of
the chamber wall was made. The solution was pumped in
the following way: in the zones of the detected voids on the
inner side of the wall, the housing was drilled to the entire
thickness of the wall in several places, after which the so-
lution was supplied under low pressure (up to 1 atm) and
the moment of filling the void was recorded through the
control hole. Then these holes were welded.

The previously mentioned features of the manufac-
ture and subsequent repairs of the impeller chamber prede-
termined the main directions of searching for possible de-
fects during its visual inspection, which can be reduced to
the following:

— search for possible detachment of the cladding from
the base metal of the case and the features of its damage;

— search for possible cracks in the cladding in the
places of its application along the zones of joint joints of
the segments of the shells of the chamber;

— inspection of zones in the places of transition of
protective cladding to the base metal in order to identify
possible acceleration of corrosion processes associated
with heterogeneity of materials;

— search and analysis of places where repair weld-
ing of defects by manual welding was carried out in order
to assess the possible acceleration of corrosion processes
in the presence of residual stresses after welding;

— presence of pitting corrosion and intergranular
cracking in the cladding and the depth of possible cavities;

— assessment of corrosive wear and depth of pits in
the base metal and in cladding breakage points;

— assessment and consistency of ulcerative damage
to the base metal of the impeller chamber;

The main results of visual inspection summarized as
follows:

1. Each part of the chamber (& = 8000 mm) consists
of 8 identical segments (segment length =~ 3070 mm), in the
vertical joints of which narrow rectilinear gaps are ob-
served, which indicates the absence of welding between
them from the side of the inner surface of the chamber;

2. The original cladding layer made by a 45° angle.
After that, a mechanical cleaning of the surfacing per-
formed to ensure the required clearance between the housing
wall and the blades. The overlay width is about 1600 mm
and intersects the two lower shells;

3. At the time of inspection, about 50% of the clad-
ding was exposed to significant pitting and pitting corrosion;

4. A significant number of local defects and breaks
of the cladding layer noted, under which pitting corrosion
of the base metal reaches more than half of the wall thick-
ness. Cases of through corrosion observed in the places of
such breaks;

5. In almost every segment of blade movement zone
with cladding layer, the systematic cracks of various
lengths are observed, mainly oriented at an angle of 45°.
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This fact indicates the exhaustion of the protective proper-
ties of the applied coating over the past period of operation;

6. Almost all types of corrosion damage, both of the
base metal and the cladding itself (pitting corrosion and pit-
ting corrosion with cracks) are observed in the places of
vertical joints of the shell segments covered with cladding;

7. When tapping the surface of the chamber on the
cladding, it was revealed that a significant number of voids
are observed under it, which indicates not only its delami-
nation from the base metal, but also significant corrosion
processes occurring under it;

8. In the upper part of the chamber, at the transition
boundary of the cladding layer, there is a band of intense
pitting corrosion of the base metal to a depth of 15...20 mm,
with a width of up to 200 mm. In the zone of repair welding
with austenitic filler materials, significant corrosion is
noted along the boundaries of the surfacing with a depth of
up to 20 mm, which indicates an increase in the rate of this
process along the boundaries of dissimilar surfacing;

9. Significant corrosive wear of the weld beads made
with UONI 13/45 electrodes without their subsequent over-
lap with austenitic filler materials. This type of welding in
places where cladding is present almost completely dam-
aged by corrosion, which indicates the need for their man-
datory subsequent overlapping with austenitic type of de-
posited metal,

10. The performed repair protective austenitic sur-
facing in the lower part of the chamber at the border of the
transition of the old cladding layer to the base metal char-
acterized by significant pitting corrosion. This type of dam-
age extends practically around the entire perimeter of the
chamber. In most cases, corrosive wear is practically
through, which requires the need for mandatory repair and
restoration work in this area;

The results of inspection of the impeller chamber
make possible to determine the types and nature of welding
defects in the lining of the hydraulic unit. It should be noted
that, according to the results of visual inspection, this pro-
tective casing of the impeller chamber of the hydraulic unit
has practically exhausted its residual resource and requires
major repairs or replacement.

In spite of the fact that the protective metal casing of
the chamber is designed to prevent the washing out of con-
crete in the zone of intense water flow of motion of the
blades, the problem of its tightness is a decisive factor.

The 50-year operation of this impeller chamber does
not exclude the presence of significant corrosion in the
places where the stiffeners are attached to the shell segments
from the outside. This can lead to the separation of an entire
segment and possible damage to the rotor blades.

The appearance of the corroded areas of the cham-
ber, where it is necessary to carry out repair and restoration
work, it is shown at Fig. 2-3.

For the more detailed study of the impeller chamber
worn-out metal, some fragment cut out from the hydraulic
unit. After that, the macrosections made from samples.

Fig. 2. Corrosion of the base metal and cladding
layer

Fig. 3. Corrosion of deposited layer

The results of determining the chemical composition
of the cladding and base metal layers (Table 1) showed that
the top layer is the same as 08Cr20Ni9Mn2Nb type, which
confirms the fact that TsL-11 grade electrodes are used as
the cladding layer.

Table 1. Chemical composition of the base and deposited metal
of the samples.

Mass fraction of elements, %
Sample name

Cr Ni Mn Si C Nb

Base metal | 0,05 | 0,04 | 0,50 | 0,18 | 0,16 | -
Deposited

metal, sample | 19,5 | 9,2 1,0 | 0,95 | 0,07 | 1,38
no. 1
Deposited

metal, sample | 19,0 | 9,0 1,0 | 0,90 | 0,08 | 1,35
no. 2

Studies of the manufactured samples showed, that
the destruction of the layer deposited with coated TsL-11
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electrodes occurs through the formation of cracks, delami-
nation and corrosion in it (Fig. 4), as well as cracks in the
deposited metal along the grain boundaries (Fig. 5).

Fig. 5. Appearance of a crack in a weld metal
along grain boundaries, x200

As shown by earlier studies [2, 3, 4], welding dis-
similar joints from steels of different structural classes,
pearlite with austenite, as a result of mixing of the filler and
base metals at the fusion boundary crystallization layers of
variable composition are formed, containing, 3...12 wt.%
Chromium and 2...8 wt.% Nickel. Mostly, they have a mar-
tensitic structure, which reduces the performance of the
welded joint due to the low ductility of the transition layer.
The smaller its width, the weaker the adverse effect of this
layer.

As a rule, under ordinary modes of manual and
mechanized welding, the width of the transition layer in the
fusion zone of dissimilar steels is 0.25...0.5 mm
(250...500 pum) [5]. Other sources indicate that the width
of the transition layer is within 80...115 pm and 30...140 pm
[6]. Welding pearlite metal with austenitic metal contain-
ing an increased amount of nickel (20...40%), the width of
the transition layer is 85...95 pm.

Previous studies have established, that the width of
the transition zone in manual arc welding varies within
2...135 pm [7]. It is impossible to exclude the formation of
a transition layer contributing to the formation of structural
and chemical in homogeneities in the welded joint. How-

ever, it is possible to reduce its adverse effect on the per-
formance of the entire welded joint due to the rational
choice of the weld metal alloying system, the proportion of
the base and filler metal and by choosing the optimal weld-
ing mode.

Thus, we can conclude, that the destruction of the
metal deposited with TsL-11 electrodes of the
E-08Cr20Ni9Mn2Nb type on the working surface of the
lining of the hydraulic unit impeller chamber made of Steel
3 is due to the formation of a martensite phase in the tran-
sition zone, initiating corrosion, cracking and peeling of the
high-alloy layer.

In order to improve the quality and reduce the quan-
tity of defects during repair, using the existing welding and
repair technology for restoring the operability of the impel-
ler chambers of hydraulic units, a new type of alloying of
the deposited metal was selected, and new coated elec-
trodes of the ANV-70BG type E-10Cr28Nil4Mn2 type
were developed and manufactured.

New coated electrodes provide surfacing of corro-
sion and cavitation-resistant deposited metal layer on the
working surfaces of the impeller chamber cladding made
of Steel 3. The comparative tests of the deposited metal
samples with the ANV-70BG and TsL-11 electrodes
showed that the cavitation wear resistance of the deposited
metal with the ANV-70BG electrodes is 2 times higher
than the TsL-11 electrodes, and by the hydroabrasive wear
resistance is 10% higher.

Analysis of the results obtained for the microhard-
ness of the samples transition zone metal (Table 2) showed,
that the values at / =100...110 A and /= 130...140 A reach
1942...3600 MPa and 2380...3840 MPa respectively. The
presence of martensite also confirmed by the results of
X-ray microanalysis of the content of alloying elements.

Table 2. Effect of welding current on the microhardness
of the deposited metal with electrodes of the type
E-10Cr28Nil4Mn2.

Microhardness, MPa
Welding
current, A Transition Middle of Top of
zone surfacing surfacing
80...90 1595...2580 | 1688...1780 | 1875...1940
100...110 1942...3600 | 1900...2120 | 1900...2200
130...140 2380...3840 | 1971...2080 | 1800...2080

This research studies have determined, that in order
to minimize the risk of martensite formation in the transi-
tion zone and subsequent destruction of the deposited
layer, it is necessary to limit the value of the welding cur-
rent (no more than 90 A for -electrodes type
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E-10Cr28Nil4Mn2 @3 mm), which ensures the transition
zone microhardness at the 1595...2580 MPa level.

The developed technology of manual arc welding us-
ing ANV-70BG electrodes type E-10Cr28Nil4Mn2 pro-
vides an improvement in the quality of repair surfacing of
hydraulic units, in comparison with TsL-11 electrodes by re-
ducing the quantity delamination and defects of the depos-
ited metal, increasing its characteristics of hydroabrasive and
cavitation resistance, and increasing between-repairs term.

tory subsequent overlapping with austenitic type of depos-
ited metal;

2. Due to the mixing of the pearlite (base) metal with
the austenitic (TsL-11), a chemical heterogeneity is formed
with a reduced content of chromium and nickel, which
leads to the formation of brittle martensite interlayers,
which initiates the formation of cracking;

3. An increase in the value of the welding current
during surfacing with ANV-70BG electrodes above 90 A

enhances the structural and chemical heterogeneity of the
transition zone metal and reduces its corrosion resistance;

4. The cavitation wear resistance of the deposited
metal with the ANV-70BG electrodes is 2 times higher
than that of the TsL-11 electrodes. At the same time, hy-
droabrasive resistance is 10% higher.

Conclusions

1. The absence of a cladding layer in worn-out areas
restored with UONI 13/45 electrodes leads to the formation
of significant corrosion and indicates the need for manda-
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TexH0JI0THsI CBAPOYHO-PEMOHTHBIX PA0OT 00HEKTOB I'MIP0O3JIEKTPOCTAHIIUIM

H.IO. Kaxosckuii, HO.H. KaxoBckuii, A.C. EB1okuMeHko

Aunnomayus. B xo0e onumensHou sKCnIyamayuu 2uopoazpe2amos, OHu NOOOAIOMCs USHOCY, YMO He2AMUBHO CKA3bI6Aemcsl HA dHep-
2ozenepupyioweti mownocmu I'OC. Cywecmsyrowas mexnono2us peMonma obecneuusaen 60CCMAaHo6IeHUe 2eOMEMpPUIecKux pasme-
P08 Kamepuvl paboye2o Koneca 2uopoazpezama ¢ NOMOWbIO ayCmeHumHo20 niakupyiouezo cios. OOHaKo OaHHAs MEXHON02Us XaPaK-
mepusyemcs 803HUKHOBEHUEM 6 X00e NOCIEPEMOHMHOU IKCHIYAMAYUY Mpewut, OmKOI08 U OMCI0eHUl HANIABIEHHO20 MeMANld,
YUMo He2amusHoO OMoOPANCAEMCsL HA NPOU3BOOCNEEHHOM YUKILe dNeKmpOoIHepauu. 1Ipednodcena Ho8As MEXHOIO2US U C8APOUHbIE MA-
mepuansl 0Jis NPOBEOEHUsL PEMOHMHO-80CCIMAHOBUMENbHBIX pabom eudpoazpezamos I'OC, obecnewusarowjas nogvluieHue ypoeHs Ka-
uecmed, BbICOKUX XAPAKMeEPUCIUK 2UOPOadPaA3U6HOU U KASUMAYUOHHOU CIOTUKOCMU, U KAK Ce0Cmeue, NOBLIUEHHO20 MeXNCPEMOHNI-
Ho20 cpoxa. B pobome nposeden ocmomp KPK nocmaenennozo na pemonm, onpedenensl u Kiaccuguyuposansvl oopaszyiowuecs oe-
Gexmol, nposeden ananu3 NPULUH UX 603HUKHOGeHUs. Pesynbmambl uccie0osanuii NO360IUAU ONMUMUSUPOSANb CUCHEMY TIe2UPOsa-
HUs HANLAGIEHHO20 MEeMAd, ONPedelumsb ONMUMANbHLIIL PEXHCUM CBAPKU 0DeCnequsalowjuti CHUdM CeHUe KOIUYecmed MapmencumHou
cocmasnsiowell U, Kaxk credcmaie, paspabomams Hoeble NpucadoyHvle MAmepuabl U mexHoI02u0 C8apoOYHO-PEMOHMHBIX pabom
00beKmMOo8 2U0POINEKMPOCMAHYUIL.

Knrwuesvte cnosa: GblCOKO.fleZupO@aHHblﬁ HANIABIeHHbLI memaiii,; Hu3K0yeﬂep00ucmaﬂ cmanv,; nepexobnaﬂ 30HA, zudpoaﬂekmpo—
cmanyusl;, mpeujunsl.
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TexHoJ10Tis1 3BAPIOBAJILHO-PEMOHTHHUX POOIT 00’€KTIB riipoe1eKTPOCTAHIIM

M.IO. KaxoBcbkuii, FO.M. KaxoBcbknii, A.C. EBIOKMMEHKO

Anomauyia. B xo0i mpusanoi excniyamayii eiopoazpezamis, 60Hu ni00aOMbCsl 3HOCY, WO HE2AMUBHO NO3HAYAEMbCS HA eHepeoceHe-
pyiouoi nomysicnocmi I'EC. Icnuyioua mexnonozisi pemonmy 3abe3neuye gioH081eH s 2e0MempUiHUX po3mipie kamepu pobouoo koneca
2iopoazpezamy 3a 00NOMO2010 aycmeHimHo20 naaxkyloyozo wapy. OOHax 0ana mMexHono02is Xapakmepuzyemocs YmeopeHHam 8 X00i
nicisipeMonmuoi excnayamayii mpiwjun, 6i0Koni6 i 8i0uapysans HANIABNeHO20 MEMATLY, WO He2AMUBHO 8i000PANCAEMbCS HA BUPOD-
HUYOMY YUK eekmpoeHepaii. 3anpononosano Ho8y mexHoN02ilo i 36apiosaibHi Mamepianu 0 NPOBEOeHH s PEMOHMHO-8IOHOBNI6A-
JbHUx pobim eiopoazpeeamie I'EC, wo 3abe3neuye nioguuyents pigHs IKOCMI, UCOKUX XAPAKMEPUCIUK 2i0poadpasusHoi i kasuma-
YUOHHOI cmIUKOCMI, | K HACAIOOK, NIOSUUECHO20 MINCDEMOHMHO20 cmpoKy. B pobomi nposedeno oensnd KPK nocmaenenozo na pe-
MOHM, 8UBHAYEHO MA KAACUPDIKOBAHO OeheKmu, npoeedeHo aHaniz npuduH ix 6UHUKHeHHSA. Pe3ynomamu 0ocaioxcenb 003601uUnu On-
MUMI3Y8aAMU CUCMEMY N1e2y8aHHs HANABIeH020 MeMAy, BUSHAYUIMU ONMUMATLHUL PEXCUM 36aPIOGaHHA 3a0e3nequmu 3HUINICEHHS Ki-
JILKOCMI MAPMEHCUMHOT CKIA0080i i, K HACTIOOK, pO3poOUmU HO8I NPUCAOK08] Mamepianu i MexHON02iI0 36apIO8albHO-PEMOHIMHUX
pobim 06'ekmig 2iOpoenreKmpocmanyiil.

Kniouosi cnosa: sucoxonezoéanuii HanAagNeHULl MEmai, Maiogyaieyesa Cmav, nepexiona 30Ha; 2iopoeieKmpoCmanyisa, mpiujuHu.
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