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baranay MyMKiH eMec HacbipbiH aKayaaposl eckepmeioi

destructive testing

and mechanical properties of the blade material.

One of the main indicators of any gas turbine
installation is the resource and reliability [1-4].
In many respects, these indicators determine the
working blades, as they are the most loaded element
of the turbine. During the operation of the power
plant, the working blades experience cyclic, dynamic
and static alternating loads. In addition, working in
an aggressive environment, the blades are highly
susceptible to corrosion activity. The blades of the
first stages of the turbine are exposed to centrifugal
force, a strong influence of the working environment,
which causes the vibration of the blades with the
possible occurrence of resonant oscillations [5-8].

In the last stages, the inlet edges of the turbine
blades are corroded by water particles in the wet
steam. These conditions require a responsible
approach to the design and design of the blades, the
choice of materials for their manufacture, as well as
to the careful organization of their production. Also,
due to constant temperature changes, large thermal
stresses occur in the blades [9]. The development
of advanced technologies of repair and restoration
inevitably entails the need to improve and develop
new diagnostic methods, and therefore the expansion

T.Yu. Ratushnayat, V.V. Savinkint,
A.K. Tomashetst, V.Yu. Tyukanko2
1NKU named after M. Kozybayev, 2LLP «Avagro»

B npouecce npouzsodcmea u 80cCMaHo8eHus 10namok mypbuH TIL| KoHMpoto nodnexum 60/6uoe Kou4ecmeo eeomempu-
yeckux napamempos. B npou38o0cmseeHHol npakmuke copmuposka paboyux 10namok myp6uHsl npou3sooumcs Ha 0CHO8e CPaBHEHUS
nokazamenet, npusooUMbIX 8 HOPMAMUBHbIX OOKYMEHMAX, HO OHU He y4umsl8arom ckpeimslie 0egekmsl, Komopsie He803MOXHO oue-
HUM®b 8U3YAIbLHO UIU MPAOULUOHHBIMU MEMOOAMU HEPA3PyWaruie20 KoHMmposs.

Cucmema npednazaembix kpumepues OUeHKU y4umslgaem 8aUsSHUE GUIUKO-MEXaHUYECKUX C8OLICM8 Mamepuana 1onamok Ha ux
YCmanocmuyto u 8UbPAayUOHHYH 0071208€4YHOCMe. [118 pewleHus nocmasneHHol 3adayu, 8 mabauye 3 npusedeHsl 0CHO8HbIE Kpumepuu
OUEHKU QU3UKO-MeXAHUYEeCKUX ceolicme Mamepuana 10namku.

Knruessie cnosa: nonamku mypouH T3LI, n1a3mMeHHOEe 80CCMAHOBEHUE, KpUmepuu 0UeHKU 10Namox.

K30 mypbuHanapeiHiH KanakmapsiH eHOIpY HoHe KAANbIHA KeAMmipy NpoueciHoe 2eoMempusiibiK napamempaepoid ken caHol
bakbinayra xamaosl. OHOIpICMIK NPpakmukaoa mypOuHaHbIH HYMbIC KANAGKMAPsIH CYpeinmay HOpMamuemik Kyxammapoa Keamipin-
2eH Kepcemkiwmepoi canvicmelpy HeaisiHoe xypaisinedi, bipak onap by36alimelH 6akel1aydsiH Ke30eH Hemece 0acmypi a0icmepiMmeH

¥coIHbIFaH 6aranay kpumepuinepiHiv xydeci Kanakwa MamepuansiHbiH GU3UKAIbIK-MEXAHUKAbIK KACUEmMMepPIHiH 01apobiH,
Wapwaxksl #aHe 0ipindi bepikmiziHe acepiH eckepedi. bepineeH mancelpMaHsl wewy ywiH 3-kecmeode Kanakwa MamepuansiHbiH Gu3u-
Ka/1bIK-MEXAHUKAIbIK KacuemmepiH 6aranayobiH Hezi3ei e1uemMoepi KeamipinzeH.

TyiiiHOi co30ep: X0 mypOuHanapbiHeIH #aybipsiHbl, N1A3MAA6I KAN6IHA KEAMIPY, HAybIpbIHObI 6aranay Kpumepudnepi

In the process of production and restoration of CHP turbine blades a large number of geometric parameters are subject to
control. In production practice, the sorting of turbine blades is performed on the basis of comparison of indicators given in regulatory
documents, but they do not take into account hidden defects that can not be assessed visually or by traditional methods of non-

The system of the proposed evaluation criteria takes into account the influence of physical and mechanical properties of the blade
material on their fatigue and vibration durability. To solve this problem, table 3 presents the main criteria for evaluating the physical

Key words: CHP turbine blades, plasma recovery, the evaluation criteria of the blades

of indicators for assessing the quality of restoration,
regulated by GOST 4.424-86.

The introduction of new indicators into
the register of normative documents requires
justifications not only of new techniques, but also of
technical requirements for metrological support with
indication of specific boundaries of the sensitivity
area of the device. To date, the main material from
which blades are made is Nickel - based alloys
[10]. Such alloys have a complex structure and
phase composition. The main properties depend on
the structure - fatigue resistance, plasticity, heat
strength, etc.

The design of the turbine blades is quite rigid and
consists of a profile part and a tail. The peculiarity
is the presence of a screw-shaped turbine blade
feather. When performing the plasma reduction
process, it is most carefully necessary to perform all
the dimensions forming the shapes of the blades and
comply with the technical requirements established
for their manufacture. Deviations from the drawings
and specifications can cause additional stresses in
the blades, which, in turn, can lead to turbine failure
[11, 12].
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In the process of production of turbine
blades CHP control is subject to a large number of
geometric parameters of the blades, determined
by the requirements of design and technological
documentation, specifications, approved samples and
delivery conditions. The blade profile is measured
using templates or coordinate measuring machines in
several sections: on the blade feather on all elements
of the profile back, turbine blade trough, input and
output edges. If the blade has a bandage shelf, its
profile is also measured using control and measuring
machines. The profile of the end and root of the
turbine blades feather are also should be measured.
A separate independent task is to control the profile
of the blade shank.

Researchers of the turbine operation indicators
allowed us to conclude that the pressure (absolute)
of fresh steam; P MPa, nominal turbine power, N MW
and the coefficient of readiness Kg directly depend
on the technical condition of the turbine blades.
Resources durability and vibration reliability of the
turbine blades depends on fatigue processes and
defects in the structure of the blade material and
its surface coating. However, GOST 4.424 - 86 and

other regulatory documents (ND) do not provide
a deep technical assessment of the main elements
of the turbine. In the same document there are no
indicators characterizing the structural changes of the
turbine blade. Gaps in this direction do not allow to
adequately assessing the effective life of the turbine
elements with minimal maintenance and operation
costs. Existing measuring equipment does not have
the ability to measure fatigue performance and
determine defects at the stage of their occurrence.

Thus, it is necessary to solve the scientific and
technical problem of developing a unified system of
criteria for assessing the technical condition of turbine
blades, taking into account the spent resource.

Currently, there are no strict requirements for an
objective assessment of the technical suitability of
the blades for further operation or repair work.

In production practice, sorting of turbine blades
is performed on the basis of comparison of indicators
[12] presented in table 1.

Table 1 - Criteria of maintainability of turbine blades reqgulated by normative documents [13]

Control

Indicator Limit value Notes

p/n parameters

The depth of the scratches, mm 0,5-1

Number of nicks per 1 mm n<l

equiaxial mechanical nicks on H.<2

1 Mechanical 1 mm, He, pc e
' damage - position of touches;

- deformation of the output and Lack Are determined visually by the

input edges and periphery of operator-diagnostician

the working parts

, The depth of the whol
2. | Metal washing R SRS Rl o p=<2
process, hg, mm
3. | Corrosive ulcers Diameter of ulcers, mm Ng< 0.5 3 score and above
4, Erosive wear Diameter of erosion spot, mm Az 0.5
= m e The pre: > of th s
: Continuity of ) ERIG S OLES The presence of the welded
5. S =7 No weld defects welded joints S S
welded joints Y joints continuity
- continuity -
The crack length does not

6. | Fatigue damage Cracks exceed 3 mm. the depth does

not exceed 0.5 mm.

From the analysis of the main known indicators
characterizing the maintainability of turbine blades,
it is established that they all have an indirect
character and do not reflect the objectivity of the
technical condition of the blades that have passed the
operational period. For example, mechanical damage
israndom and has a wide range of manifestations. It is
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impossible to estimate their real impact on the work
resource. Technical sources recommend to estimate
the depth of holes, count the number of nicks, etc.
This stage of rejection is realized only visually without
metrological support and is subjective. Moreover,
erosion wear is determined by the diameter of the
erosion spot within sight of the operator. However,



to determine the progressive development of latent
pitting or the origin of fatigue microcracks is not
possible without special equipment and reasonably
selected techniques. The widely used method of
ultrasonic testing is very laborious and does not
allow to determine and interpret the presence of
fatigue defects in the structure of the turbine blades.

Thus, a system of criteria for an adequate
assessment of the turbine blades technical condition
was developed not only by design parameters (shape,
design geometry, linear dimensions and roughness)
but also taking into account the features of fatigue

changes in the blades structure. The complexity
of developing the criteria was in necessity to
create a system of hidden defects identification
and interpretation with the possibility of forming
recommendations for operation or restoration.

The system of the proposed evaluation criteria
takes into account the influence of physical and
mechanical properties of the blade material on their
vibration and fatigue life. To solve this problem,
table 2 presents the main criteria for evaluating
the physical and mechanical properties of the blade
material.

Table 2 - The main criteria for turbine blades selection to be rejected for subsequent restoration of their properties

Acceptable .
Control parameters Symbol ci;l;uible Determination method
T —
qugr?gtlc he/ld Hy 54+1.,42 Measurement
intensity, A/m
The hardness of the
; HRC 55-62 Meas t
blade material, HRC > EARUTETIE
The microhardness of
the turbine blade HV 746-1200 Measurement
material, HV
Z Foow = F+ 0,7d,(8, + b/R)n,,
e d, — the site diameter with changes of erosion
c secional ¢ and corrosion, mm;
ross:.sectlona' ARCEAR P 0.3450 &/, - the thickness of the profile, in the area with
corrostlfrgerosw?- oom s changes erosion and corrosion, mm;
WL b; - the depth of the blade profile in the area with
changes erosion and corrosion, mm,;
R, - surface roughness of the site with erosion
a
and corrosion changes, pum.
0_1=4000+1/¢ 6,0
Fatigue limit, N/m? G 40-10° T7IC Oy — Maximum stresses in the range of
stress concentrations.
The stress ) O max
’ " ; £0.05 a, =
concentration factor e R ° oy
rae L 2okys s
OnrrMaTbHas TIHA
HEeKOHIUIHOHHOI
TOTIATKH, TIPHUTOHAS where L}‘Z - critical length of the blade, m;
151 BOCCTAHOBIIEHMS, . g —
M /Cm - coefficient of suitability for recovery;
h; - critical height of the blade, hy, =
0,2..04L, L —blade length, m.
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The proposed criteria for assessing the blades
technical condition in conjunction with the use of
standard parameters should fully characterize the
fatigue changes in the structure of the blades after
their operation. For example, the accumulated
fatigue of a metal can be determined based on known
physical phenomena of magnetic field scattering in
the metal structure. As an evaluation criterion, the
measurement of the magnetic field strength, A/m,
followed by the determination of the fatigue limit,
N/m? of the blade metal is proposed.

The peculiarity of the proposed criteria (table 2)
is that their assessment will allow not only to identify

and interpret hidden defects, but also to reasonably
approach the choice of technological modes of the
recovery process.

Researchers on improving the recovery
technology should be carried out in conjunction
with designers to solve the problems of combining
the shape of the turbine blades profile, determining
scientifically justified tolerances from the design
dimensions of the profile parts.
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