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CHOICE OF OPMIMUM MATERIAL FOR STRENGTHENING
THE ENTRANCE EDGES OF STEAM TURBINE ROTOR BLADES
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Ph. D. (Eng.), Ye. Voronova, Assoc. Prof.,
Kharkov National Automobile and Highway University

Abstract. The influence of electrode material on the state of surfacing layer of steam turbine rotor
blades is researched. The strengthened layer was produced by electro-spark alloying, using alloy
T15K6 and steel 15X11IM®IIL The microstructure, microhardness and thickness of surfacing layers
were investigated. The advantages of steel 15X11M®III for strengthening the entrance edges of steam
turbine rotor blades which makes it possible to simultaneously harden both the entrance edges of ro-
tor blades as well as increase their erosive resistance are grounded.
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BbIGOP OIITUMAJIBHOI'O MATEPHUAJIA IJISA YITPOYHEHUW S BXO/IHBIX
KPOMOK PABOUYUX JIOITATOK ITAPOBBIX TYPEUH

A.b. I'mymkosa, npog., a.1T.H., E.JI. 'punyenko, unxk., E.M. Boponosa, 1ou.,
XapbKOBCKHIH HAIIHOHAJIBLHBIH ABTOMOOH/IbLHO-10POKHBII YHHBEPCHTET

AnHomayus. Hccneoosano enusHue Mamepuana 31eKmpood Ha cOCMOsiHUe HaANIaeleHHo20 Clost pa-
0ouUX IONAMOK NAPOBLIX MYPOUH. YNpouHeHHbIll CIOL POPMUPOBATICS NIEKMPOUCKPOBLIM Ne2UPO8A-
Huem cnaasom T15K6 u cmaneio 15X11M®III. Hcenedosanucy Mukpocmpykmypd, MuKpomeepoocms
u moawuHa HanaaeneHHozo cios. Obocnosanvl npeumyuecmea cmanu 15X11M®II ons ynpounenus
BXOOHBIX KPOMOK pabO4Ux TONAMOK NAPOGLIX MYPOUH.

Knwuesvie cnoea: snekmpouckposoe necuposarue, 21eKmpoo, HaANnIaeleHHblll CI0U, MUKPOCHPYKNTY-
pa, MUKPOMEEPOOCMb, YNPOUHEHUe.

BUBIP OIITUMAJIbBHOI'O MATEPIAJTY JJISA SMILHEHHSA
BXIJTHUX KPAHOK POBOYMX JIOTTIATOK ITAPOBUX TYPEIH

I.b. 'nymkoBa, npo¢., a.1.H., O.J1. I'pinuenko, inx., €.M. Boponosa, gou.,
XapkiBcbKHii HAIOHAIbHHH ABTOMOOLILHO-10POKHIii YHIBepCHTET

AHnomauisn. [JocniodxceHo ennue mamepiany eiekmpooa Ha CMAaH HAWIAeIeH020 uapy poooyux Jiona-
mox napoeux mypoin. 3miynenuit wiap gopmysascs enexmpoickposum nezyeansim cniasom TISKG6 i
cmannio 15X11M®II. Jlocrioscysanuce Mikpocmpykmypa, Mikpomeepoicms i moeuuHa HaniaeieHo-
20 wapy. Obipynmosano nepeeazcu cmani 15X11IM®III ons 3miynenHs 6XiOHUX Kpaliox podoouux
JIONamoK naposux mypoin.

Kiwuogi cnosa: enexmpoickpose ne2y8aHHs, eleKmpoo, HANJIA6AeHUll uap, MiKpOCmpyKmypa, Mik-
pomeepoicmo, 3MiYHEHHSL.

Introduction ditions require high hardness of leading edges.
Further, erosion damage reduces their resistance.
Rotor blades of steam turbines determine the To increase the service life of the blades the

serviceability of the turbine. Their working con- leading edges areexposed to such processing
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methods like hardening by high frequency cur-
rents and applicationof the widely used alloy
T15K6 based on carbides 7i and W asareinforc-
ing electrode. The binder for this alloy is Co.

Analysis of publications

However, the mode of operation of the blades is
such that requires increased resistance to
shockerosion, lack of adverse influence of coat-
ing formation parameters on mechanical proper-
ties, high corrosion properties.

Application of the above methods has limita-
tions. Thus, using the high-frequency current
makes it difficult to technically temper the radi-
us blend from the blade airfoil portion to the
bookshelf bandage and use of the widely applied
alloy T15K6as a reinforcing electrode is limited
due to the presence of cobalt - an element that as
a result of activation forms long-lived isotopes,
which reduce the erosion resistance of blades.

In connection with the above, the objective of
the present work was to develop a method that
would enable to simultaneously reinforce the
leading edges of the blades and reduce their ero-
sion resistance.

Purpose and problem statement

In the given paper there were tested two materi-
als to be used as an electrode: alloy T5K16 and
steel 15SH11MFSH.

The electric spark method is based on the phe-
nomenon of electric erosion of materials under
spark discharge in a gaseous medium, the polar
erosion product transport on the layer of modi-
fied structure and alloy. As a result of electrical
breakdown of the interelectrode gap there occurs
a spark, in which the flow of electrons leads to
local heating of the electrode (anode) [1]. On the
surface of the cathode under the influence of
high thermal loads there is carried out mixing of
both the cathode and the anode material that
promotes the formation of proper adhesion be-
tween the substrate and the formed layer. Figure
1 shows the general scheme of the electro-
sparkalloying [ESA].

The composition of the doped layer may differ
significantly from the composition of the raw
materials. It is caused by the specifics of the
ESA impact, which consists in the ultra-high
heating and cooling rates, the contact of surfaces
to each other and with the surrounding elements

of the environment under pulse exposure to high
temperatures and pressures.
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Fig. 1. General scheme of the electrospark alloy-
ing

The study was conducted, using samplesof steel
ISH11MFSH that was thermally treated to ob-
tain the hardness of 285NV with removing the
decarburized layer to the depth of 1mm along
the hardening plane. Workson strengthening the
samples were carried out, using electrospark
equipment EIL8A.

Results of investigation and their
discussion

The microstructure of the base metal of speci-
mens presents sorbitol with retaining orientation
along martensitic planes. The structure of the
samplesis of different uniformity, the structure
contains grains of different etchability, and the
size of the needles corresponds to 7-8 points

(Fig. 2).

Fig. 2. Microstructure of the main sample metal

Control of the hardened surface is carried out by
visual inspection with a magnifying glass with x
3, x 10 power.
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On the surface of the samples after hardening by
both alloy T15K6and steel 15H11MFSH defects
such as cracks were not revealed. Fig. 3 shows
the appearance of the surface hardened by alloy
T15K6. The layer is homogeneous, fine-grained
and in some places there can be found small
sizecraters.

|
[ .

Fig. 3. The appearance of the sample surface
strengthened by alloyT15K6

Fig. 4 shows the appearance of the surface hard-
ened by steel 15SH11MFSH. The layeris homo-
geneous, fine-grained, has small craters in small
quantities.

ﬁ

Fig. 4. The appearance of the sample surface,
hardened by steel 15H11MFSH

To assess the quality of adhesion of doped lay-
ers with the substrate, the samples after harden-
ing were tested according to the following
scheme:

— samples NeNel,2 were tested for bending at an
angle of 90 °, using a mandrel R =20 mm;

— samples NeNe 3,4 were tested for bending at an
angle of 70 °, using a mandrel R = 40 mm.

The test results are shown in Table 1.

When viewingthebends the peel of the hardened
layer from the base metal was not detected.
Measurement of the thickness of the hardened
layer was carried out in sections, manufactured
according to the cross-sectional plane of the
sample.

Table 1 Bending Test Results

Sample Test

brand Material results Notes
No in the place of
1 T15K6 ruination bending
detected tears
No in the place of
2 15X11MOII ruination bending
u detected tears
No in the place of
3 15X11MOII ruination bending no
u detected tears
No in the place of
4 15X11M®DIII Lo bending no
ruination

detected tears

The surface hardened layer is characterized by
heterogeneity of the layer thickness, but the av-
erage value of the thickness in case of hardening
by alloy T15K6 and steel 15H11MFSH is virtu-
ally identical (Fig. 5).

t 2

1 2

Fig. 5. Histograms of the mean values of the
hardened layer thickness: 1 — by alloy
T15K6; 2 — by steel steel 15SH11MFSH

Study of the microstructure of the deposited lay-
er showed that the structure is homogeneous,
almost no etchability. In some places there were
detected individual pores. When surfacing by
steel 15SH11MFSH, the layer structure is of
mainly dendritic structure. In the surface layer
of the base metal under high temperatures there
was observed the formation of the light etchabil-
ityzone formed by diffusion of the electrode ma-



ABTOMOOMNBLHBLIM TPAHCNOPT, Bbin. 39, 2016

terial into the sample depth, and the dark-
etchability zone of under alloying. In some plac-
es there were detected pores.

Fig. 6 shows histograms of microhardness
measurement in the zone «hardened layer - base
metal» of the samples under study.
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Fig. 6. Histograms of microhardness measu-
rement in samples hardened by alloy
T15K6 (1) and steel 15SHI1MFSH (2): a —
deposited layer; b — transition (diffusion)
zone; ¢ — HAZ (~ 0,05 mm from the bor-
der); d — HAZ (~ 0,1 mm from the border)

As it follows from the above histograms, in all
areas the micro-hardness at hardening by alloy
T15K6and steel 15HI1MFSH is practically
identical.

Conclusions

When there was performed visual inspection and
carried out metallographic analysis of samples
reinforced by the electrospark method, using the
equipment EIL 8A by electrodes made of steel
15SH11MFSH and hard alloyT15K6 cracks were
not revealed.

When conducting the bending test, none of the
samples, hardened by both the solid alloy
T15K6 and steel 15H11MFSH, failed.

On examination of the bends, the peel of the
hardened layer from the base metal was not de-
tected.

The average thickness of the surface layer hard-
ened by both alloy TI5K6 and steel
15H11MFSH was virtually identical.

The microhardness of the deposited layer, the
transition zone, HAZ at different distances from
the border when using both the hardened alloy
T15K6 and steel 15H11MFSH do not practically
differ.

6. Based on these studies it is recommended to
replace the applied reinforcing electrode made
of alloy T15K6 and steel 1SHI1MFSH to in-
crease the hardness of the leading edges of
steam engine rotor blades.
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