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SUBSTANTIATION OF CRITERIA FOR EVALUATION OF SUBSTANDARD TURBINE 
BLADES OF CHP IN THE PROCESS OF REJECTION

АН
НО

ТА
ЦИ

Я

В процессе производства и восстановления лопаток турбин ТЭЦ контролю подлежит большое количество геометри-
ческих параметров. В производственной практике сортировка рабочих лопаток турбины производится на основе сравнения 
показателей, приводимых в нормативных документах, но они не учитывают скрытые дефекты, которые невозможно оце-
нить визуально или традиционными методами неразрушающего контроля.

Система предлагаемых критериев оценки учитывает влияние физико-механических свойств материала лопаток на их 
усталостную и вибрационную долговечность. Для решения поставленной задачи, в таблице 3 приведены основные критерии 
оценки физико-механических свойств материала лопатки. 

Ключевые слова: лопатки турбин ТЭЦ, плазменное восстановление, критерии оценки лопаток.

ЖЭО турбиналарының қалақтарын өндіру және қалпына келтіру процесінде геометриялық параметрлердің көп саны 
бақылауға жатады. Өндірістік практикада турбинаның жұмыс қалақтарын сұрыптау нормативтік құжаттарда келтіріл-
ген көрсеткіштерді салыстыру негізінде жүргізіледі, бірақ олар бұзбайтын бақылаудың көзбен немесе дәстүрлі әдістерімен 
бағалау мүмкін емес жасырын ақауларды ескермейді 

Ұсынылған бағалау критерийлерінің жүйесі қалақша материалының физикалық-механикалық қасиеттерінің олардың 
шаршаңқы және дірілді беріктігіне әсерін ескереді. Берілген тапсырманы шешу үшін 3-кестеде қалақша материалының физи-
калық-механикалық қасиеттерін бағалаудың негізгі өлшемдері келтірілген. 

Түйінді сөздер: ЖЭО турбиналарының жауырыны, плазмалы қалпына келтіру, жауырынды бағалау критерийлері

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-
destructive testing 

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 
and mechanical properties of the blade material. 

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

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 

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 - Сriteria of maintainability of turbine blades regulated by normative documents [13]

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 
is random and has a wide range of manifestations. It is 

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

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. 
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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/m² 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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