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With a purpose of creating anti-erosion protection on turbine rotor blades the experiments in electrospark
alloying using electrodes made of different materials: T15K6 hard alloy and 15X11M®III steel were conducted.
Reduction of the roughness of a surface layer having a uniform thickness was achieved upon its hardening with a
steel electrode. The electrospark alloying process was perfected. Tests of mechanical properties of blade samples
hardened with steel revealed overmatch of GOST requirements for strength and ductility. Increasing of surface layer
microhardness was also achieved. For anti-erosion protection of leading edges of the turbine rotor blades it is
recommended to replace the applied electrode made ofT15 K6 alloy with the one made of 15X11M®III steel.

INTRODUCTION

While in operation rotor blades of turbine wet-steam
stages are affected by various destructive factors: a
corrosive environment, repeated alternations. As a
result, turbine blades suffer erosion-corrosion wear. In
addition, presence of a liquid phase in the working
medium of steam turbines causes additional energy
losses in turbine stages and erosive wear of the flow
range elements due to deterioration of profile
aerodynamic characteristics and loss in reliability in
dices of the blade system [1].

One of the most important issues is development of
new, non-tradition al for the power-plant industry,
effective methods to protect leading edges of aft stages
blades in steam turbines rotors against erosion-
corrosion wear caused by humidity in the working
medium of turbines. It is known [2] that the most
effective way to improve erosion resistance of structural
materials is application of protective wear-resistant
coatings and hardening of the part surfaces.

Erosion protection of the flow range (leading edges
of rotor blades) is mainly implemented with the help of
hardening the areas being exposed to humidity most of
all.

Traditional methods for protecting rotor blades of
steam turbines operating in the phase transition zone are
high-frequency current hardening of leading edges and
their electrospark alloying with hard alloy. High-
frequency current hardenings how positive results for
improving erosion resistance, but a lack of possibility to
harden the area of the radius transition to a desk-type
bandage is a disadvantage of this method [3, 4]. Taking
into account topicality of finding new methods for
protecting leading edges of rotor blades at the low-

pressure aft stages, a research was carried out to explore
a possibility of hardening the leading edges of rotor
blades with 15X11M®III commercial steel, applying
the electrospark alloying method (ESA).

The results of experiments for hardening the leading
edges of rotor blades with 15X11M®II steel vs.
hardening the blades withT15K6 hard alloy are given in
this research paper.

T15K6 titanium-tungsten carbide alloy for
hardening the rotor blades is limited in its application in
atomic power plants due to presence of cobalt in the
alloy composition as an element producing long-lived
isotopes as a result of its activation [2, 5]

1. SUBJECT AND METHODS
OF RESEARCH

15X11M®UI steel used for Production of turbine
rotor blades was testedasan electrode for electrospark
alloying. Properties of surface layers hardened with
T15K16 sintered alloy and 15X11M®III steel were
compared.

The method of electrospark alloy in gisbased on the
phenomenon of electrical erosion of materials during as
park discharge in a gaseous medium, polar transit of
erosion products onto a layer of altered structure and an
alloy [3, 4]. Asa result of electrical break down of the
inter electrodes pacing a spark discharge emerges, in
which the electron stream leads to a local heating of the
electrode (anode) [3, 4-6]. There is mixing of cathode
and anode material occurring on the cathode surface
under the influence of significant thermal loads, which
promotes formation of a high adhesion between the
substrate and the generated layer [5, 6]. Fig. 2 shows a
general scheme of electrospark alloying process (ESA).
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Fig. 1. General scheme of ESA process with the

vibrating anode: PG — pulse generator; IES — inter

electrodes pacing; SD — spark discharge;
A —anode (compact electrode); C — cathode,
frequency of anode vibration

The composition of the alloyed layer can differ
fundamentally from the composition of the blades basic

materials. It is caused by the specific nature of ESA
effect that consists in an ultra-high speed of temperature
rise and cooling, a contact between surfaces and with
elements of the environment in conditions of impulse
influence of high temperatures and pressures [4-6].

2. RESEARCH RESULTS
AND DISCUSSION

The works on hardening the blades samples were
executed on the electrical discharge machine of S1JI8
Amodel [5, 6] in the mode: pulse current amplitude
value I = (175+10) A, pulse energy Epuse = 3.15 J, pulse
duration time tyyse = 1000 ms, frequency at 600 Hz.

The research was carried out on the samples cut
from rotor blade blank parts of 15X11M®II steel
manufactured by the forged method and heat-treated up
to hardness of 271HB. Chemical properties of the
samples tested are given in Tabl. 1, whereas their
mechanical properties are set out in Tabl. 2.

Table 1
Elemental composition of 15X11M®III steel test samples
Tvoe of steel Content of chemical elements, %
P C Cr Ni Mo \Y Si Mn S P
ACtu‘:iI. 0.14 10.5 0.26 0.63 0.3 0.18 | 0.33 | 0.013 | 0.022
composition
Requirements of
FOCT5632-72 0.12...0.19|10.0...11.5 - 0.6...0.8 | 0.25...04 | <0.5 | <0.7 [<0.025| <0.03
Table 2
Mechanical properties of 15X11M®III steel test samples
Mechanical properties Go.2, MPa 6., MPa 35, % ¥, % | KCU, Jcm? HB
Test results 6690 8270 20 58 116 271
Requirements of
OCT 108.020.03-82 6664...8134 >8140 >13 >40 >39.2 248...285

Microstructure of the samples parent metal upon the
hardening heat-treatment constitutes a sorbitol with
preservation of martensitic planes orientation. Structure
of the samples is notable for its uniformity, grains of
different etch ability can be observed within the
structure, the size of martensitic needles corresponds to
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Fig. 2. Microstructure of the blade metal upon the bulk

heat treatment, x700

A study of roughness of the hardened layers surface
hardening is

revealed

heterogeneity,

performed

unevenly due to the hardening pulse discreteness. The
surface roughness of the samples hardened withT15K6
alloy was 2.8 times coarser than that of the sample
hardened with 15X11M®III steel (43.9 and 15.3 pm
respectively). There were no critical defects of cracks
type detected on the surface of the samples.

With a purpose of evaluating the quality of bond
between the alloyed layers and the parent material the
samples hardened were tested according the following
scheme:

— a bend test with the bend angle of 90° with the
bend former used R = 40mm;

— a bend test with the bend angle of 180° with the
bend former used R=20mm.

There was no destruction in all the samples tested.
There were breaks in the sections bent at the angles of
90 and 180°, but no peeling of the layers hardened
withT15K6 and 15X11M®III was detected.

The hardened surface layer features heterogeneity
through thickness of the layer, but the average thickness
values in case of hardening with T15K6 alloy and
hardening with 15X11M®III steel practically coincide
and amount to 0.075...0.080.



Fig. 3 shows histograms of micro hardness
measurements of the test samples surface layers.
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Fig. 3. Histograms of microhardness HV of the test
samples hardened with 715K6 alloy (1)
and 15X11M®II] steel (2): a — hardened layer;
b — transition (diffusion) zone

Microhardness on the hardened layer surface was
higher when using 15X11M®III steel (8000 MPa) than
when using T15K6 hard alloy (7500 MPa). Micro
hardness of the transition zone and the heat-affected
zone at different distances from the “parent metal-
hardened layer” border was also higher when hardening
was performed with a steel electrode.

The metallographic investigation revealed that the
hardened surface layer on the both samples had a clear
dendritic structure. It was detected with the help of
X-ray diffraction method that the layer hardened with
T15K6 consisted of ferrite to a large extent, austenite,
titanium-tungsten carbides as well as pure cobalt. In the
layers hardened with steel there was ferrite, austenite
and chromium-molybdenum carbide ensuring the
strengthening effect.

CONCLUSIONS

1. For erosion-resistant protection of turbine rotor
blades it is suggested to use material of 15X11M®III
electrode being identical to the steel used for production
of steam turbine rotor blades that enables to cut down
electrode material consumption for electrospark
alloying.

2. It is established that roughness of the layer made
with 15X11M®III steel is lower than when using
T15K6 hard alloy.

3. The average thickness values of blade surface
layers made in the same alloying modes with T15K6
alloy and 15X11IM®II steel practically coincide:
0.03...0.06 mm.

4. Microhardness of the surface layer hardened with
15X11M®-III steel is higher than when T15K6 hard
alloy is used. Microhardness of the transition zone and
the heat-affected zone at different distances from the
“parent metal-hardened layer” border is practically the
same.

5. Based on the research conducted it is possible to
recommend replacing the applied strengthening
electrode made of T15K6 hard alloy to 15X11M®II
steel for protection against the water droplet erosion of
leading edges of turbine rotor blades.
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YINPOYHEHMUE BXOJHBIX KPOMOK JIOITATOK TYPBUH
IJEKTPOUCKPOBBIM JIETUPOBAHUEM

H.E. Kanununa, /1.b. I'nywxoea, E./. I punuenxo, B.T. Kanunun,
A.U. Boponxog, JIJI. Kocmuna, U.H. Hukumuenxo, T.B.Hocoea, A.A. Pe3nuxoe

s hopMuUpoOBaHMS MPOTHBHO SPO3UOHHON 3alIUTHI paOOUHX JIOMATOK TYPOUHBI MPOBEIACHBI IKCTIEPUMEHTHI 10
3JIEKTPOUCKPOBOMY JIETUPOBAHHUIO JJIEKTPOJAMU M3 Pa3IUYHBIX MaTepuanoB: TBepmaoro ciuiaBa T15K6 u cramum
I5X11MO®II. JIoCTUTHYTO yMEHBLIEHUE MIEPOXOBATOCTH MOBEPXHOCTHOIO CJIOS MPU OJMHAKOBOM €ro TOJIIMHE
mocjie YIPOYHEHUS CTalbHBIM ANeKTpomoM. OTpaboTaH PEXUM BIIEKTPOMCKPOBOTO JICTUPOBAaHWA. VCTBITaHHS
MEXaHUIECKUX CBOUCTB 00pa3IlOB JIOMATOK, YIIPOYHEHHBIX CTaNb0, OKaszanu npessimieane Tpedbosannit [OCT mo
MPOYHOCTH W IUIACTHYHOCTH. JIOCTHTHYTO TakXKe IIOBBIIICHHE MHKPOTBEPIOCTH ITOBEPXHOCTHOTO CIIOS.
PekomeHnnoBana 3aMeHa mpUMEHSIEMOro syekTpona u3 cmwiaBa T15 K6 na snektpon u3 cranmu 15X11MOUII ans
3aIUThI OT IPO3UH BXOJHBIX KPOMOK paOb0OUHX JIOMATOK TYPOHUH.

SMIIHEHHSA BXI/THUX KPOMOK JIOITATOK TYPBIH
EJIEKTPOICKPOBUM JIEI'YBAHHAM

H.€. Kaninina, /I.b. I'nywixoea, O./. I'pinuenxo, B.T. Kaniuin,
A.lL Bopoukoe, JLJI. Kocmina, I.H. Hikimuenko, T.B. Hocoea, O.0. Pe3nikos

Hdns  ¢dopMyBaHHS TPOTHEPO3IMHOTO 3aXUCTy pOOOYMX JIOMATOK TYpOIHM TMPOBEACHI EKCIEPUMEHTH 3
€JIEKTPOICKPOBOTO JIETYBaHHS €JCKTPOJAMH 3 Pi3HUX MarepiaiiB: TBepaoro cmiaBy T15K6 i cram 15X11MOIIL.
JoCATHYTO 3MEHIICHHS LHIOPCTKOCTI IIOBEPXHEBOI'O IIApy, OTPUMAHOIO JIETYBAHHAM CTAJEBUM 3JIEKTPOAOM, NPH
OJHAKOBiil TOBIIMHI NOBEPXHEBOTO IIapy. BiampaupoBaHO PEXUM €JIEKTPOICKPOBOTO JIeryBaHHs. BumpoOyBaHHS
MEXaHIYHHX BJACTUBOCTEH 3pa3KiB JIONATOK, 3MIIHEHMX CTAJUII0, MOKazand mnepesuiieHHs Bumor JCTY 3
XapaKTePUCTUK MILJHOCTI Ta IUIACTUYHOCTI. JIOCATHYTO TaKOX IMiJABUINEHHS MIKPOTBEPIOCTI HOBEPXHEBOTO IIapy.
PexomennioBana 3amina enextpoja i3 cruaBy T15K6, 1o BUKOpHCTOBY€EThCS, Ha enekTpo i3 cram 15X1 1M1,
JUISL 3aXHCTY BiJ €po3ii BXiJJHUX KPOMOK pOOOYHX JIOTIATOK TYpOiH.



