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METHODS FOR STUDYING DAMAGE TO AIRCRAFT TURBINE

Annotation:

Keywords:

BLADES GAS TURBINE ENGINES

Kadirbekova K.K., Ganikhanov A.A.
Tashkent state transport university (Tashkent, Uzbekistan)

This article presents a comprehensive analysis of modern methods for
diagnosing damage in turbine blades of aircraft gas turbine engines (GTE).
The study details the application of various non-destructive testing (NDT)
methods such as ultrasonic testing, impedance analysis, resonance inspection,
acoustic emission monitoring, and confocal laser scanning microscopy. The
advantages and limitations of each method are discussed, with schematic
illustrations and examples from real practice. A notable case study involving
a GTD-110 failure at Ryazanskaya GRES highlights the critical importance of
timely defect detection to avoid catastrophic outcomes. The article emphasizes
that an integrated approach using multiple NDT methods is essential to ensure
operational reliability and safety in aviation. The information presented is
relevant for engineers, researchers, and professionals engaged in diagnostics
and maintenance of aircraft propulsion systems.

Resonance, Impedance method, Acoustic emission testing method, Ash
products, Echo-impulse method, Ultrasonic testing method.

METO/bI HCCJEIOBAHUS NOBPEXJIEHU JIONMATOK TYPEUHBI
ABUAIIMOHHBIX TA3OTYPEUHHBIX IBUT'ATEJIEHA

Kanupoexona K.K., 'anuxanoB A.A.

TamkeHTCKuI roCy1apCTBEHHBIN TPaHCTIOPTHBIN yHUBepcuTeT (TamkeHT, Y30eKkucTaH)

AHHOTALIHA:

KiroueBble
cJI0OBA:

B cratee paccMaTpuBarOTCS COBPEMEHHBIE METOJBI HEpa3pyIIAIOIIETO
KOHTPOJISI TOBPEKACHUIA JIONATOK aBUAITMOHHBIX Ta30TypOHMHHBIX ABUTATEICH
(I'TH). OcobGoe BHUMaHWE YACISICTCS MPUMEHEHHUIO TaKUX METOJI0B
JUArHOCTUKH, KaK  YyJIbTPa3BYKOBOE  TECTUPOBAHHME, HMIICAAHCHBIMN,
PE30HAHCHBIA M aKyCTHKO-3MHCCUOHHBIA KOHTPOJIb, a4 TAKXKE€ COBPEMEHHAas
KoH(pOKambHas J1a3epHas MHUKPOCKOMusi. OMUCBHIBAIOTCS MPEUMYIIECTBA H
HEJOCTATK! Ka)KOr0 METOJa, PUBOJATCSA CXEMbl AUATHOCTUKHU U IPUMEPHI
pe3yapTaTOB KOHTpOJIA. Takxke pacCMOTPEH pEalbHBIN Cllydail aBapuu Ha
Ryazanskaya GRES, cBs3aHHbpIli ¢ paspylieHueM JIOTAaTKA TYpPOWHBI,
MOTYEPKUBAIONINI BaXKHOCTh CBOEBpEMEHHOT0 OOHapykeHus aedexrtos. B
pabote 060cHOBaHA HEOOXOIUMOCTh HCTIOJIb30BaHUSI COBOKYITHOCTH METOJIOB
JUISE  TOBBINICHUS HaAE€KHOCTHM aBuanMoHHBIX [T/ m oOecneueHus
6e3omacHoCTH 1oyeToB. [IpeacTaBieHHble JaHHBIE MOTYT OBbITh MOJIE3HBI IS
WHXXEHEPOB, UCCIIEAOBATENIeH U CIIEUATUCTOB, 3aHUMAIOLUXCS] TEXHUYECKON
JUArHOCTUKOM M PEMOHTOM aBUALMOHHBIX JBUTATEIICH.

Pesonanc, MrnienancHbI MeTo 1, MeTo akyCTHKO-OMUCCUOHHOTO KOHTPOJIA,
30JI0BbI€ TIPOAYKTHI, DXO-UMIYJIbCUBHBIM METOM, YJIbTPa3BYKOBOM METO.
KOHTPOJIA.

Introduction. Blades of aviation gas turbine engines (GTE) are among the most expensive
and important parts of turbines. Modern gas turbine engines use blades made of heat-resistant
materials, which are subjected to intense loads during operation, which leads to engine
malfunction. GTD malfunctions, which are accompanied by an increase in the temperature of gases
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in the turbine, lead to overheating of the blades, which implies heating the material of the part to
a temperature exceeding the maximum allowable heating temperature for this alloy. The reliability
of turbine blades determines the life of the turbine engine, therefore, the flight, technical and
operational characteristics of aircraft, as well as flight safety. Therefore, a thorough inspection of
the blades of the gas turbine engine is necessary for the presence of various defects in the design
and material of the parts, which may include delaminations, defects in the materials used, air shells,
and so on.

The purpose of this topic and objectives. It is known that the reliability and resource of a
gas turbine engine are determined mainly by the elements of the "hot" part (working and nozzle
blades, turbine discs), exposed to static, cyclic, and repeated static loads. Shoulder blade damage
is common. It occurs under the influence of gas corrosion processes, the initial gas temperature in
power gas turbines is 960...1060 ° C for basic units and 1065...1100 ° C for peak ones [1,2]. In the
turbines of aviation gas turbine engines, the gas temperature reaches 1027...1077 ° C or more. The
effect of gas corrosion, which has a wide variety of specific types: sulfide oxide, hot, high
temperature, sulfide, salt, sulfur, or sulfate) is of great importance [3-6]. In particular, sulfide oxide
gas corrosion associated with exposure to ash and gas combustion products of gas turbine engines
is one of the serious types of damage to the blades, causing a decrease in reliability and efficiency
of gas turbines. In some cases, the intensity of sulfide-oxide corrosion is so high that the turbine
blades of the turbine turbine fail within several hundred hours [1-3]. The heating temperature of
the material of the blades of gas turbines reaches 0.8 of the melting point, and the blade itself is
also in a stressed state.

In addition to the high-temperature effects, the nozzle blades of the 1st stage are affected by
bending stresses caused by hot gas flows. The value of bending stresses is in the range of 50... 80
MPa, and in more powerful gas turbine installations (GTU) they reach values up to 130 MPa. The
nozzle blades are also exposed to cyclic temperature changes., corresponding to the number of
launches of the GTU [6]. Taking into account the influence of high-temperature gases and a
complex stress state, heat-resistant nickel-based alloys are used for the manufacture of blades of
aircraft gas turbine engines [7-9].

Research methods. Gas turbine engines have a significant duration of the inter-repair cycle,
therefore, additional requirements arise for the effectiveness of their non-destructive testing [10,
11]. When checking GTE blades, various methods of destructive and non-destructive product
quality control are used, the main task of which is to identify defects at an early stage of their
development, which can lead to their destruction either partially or completely.

Non-destructive testing methods include: magnetic, acoustic, visual-optical, thermal, eddy
current, capillary, radiation and other methods.

1. An ultrasonic wave pulse is generated using the echo pulse method, and then the echo
signal reflected from the defects is recorded. Figure 1 shows the scheme of using the echo pulse

method. ! , L,
¥ d g | ol
N

lvaalyza

a a a
Fig. 1. Application scheme of the echo pulse method

A

In this method, the pulse passes through part 2 and is reflected from the opposite side and
then returns to the radiator. The returned signal is recorded by the device (Fig. 1, a). If defect 3
does not completely block the pulse, then an additional signal will appear on the screen (Fig. 1, b).
When the pulse is blocked by a full-volume defect, the pulse is not reflected on the device (Fig. 1,
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c). The magnitude of this signal gives an idea of the size of the defect, which is directly
proportional to the magnitude and depth of the signal.

The advantages of this method are: the ability to adjust the ultrasonic beam; accurate
determination of the coordinates of the defective location; determination of the type of defect,
versatility of transducers; the ability to control parts of complex shapes.

The disadvantage of this method is the high cost of converters.

The resonance method is used to perform non-destructive testing in multilayer structures

[12]. The image of the resonant control circuit is shown in Figure 2, where 1 is the converter, 2 is
the defect.

L]

OK

Fig. 2. Resonance control scheme

Advantages of the resonance method

- determines the presence of defects and the thickness of the control object;

- determines the depth of the defect location.

The disadvantage of this method is the high complexity of controlling curved products.

The method of free oscillations (MSC). The essence of this method is to generate pulses of
damping vibrations for a short time, affecting the product, the scheme is shown in Fig. 3).

1 4 5
] f
2 3
defect

Fig. 3. Free oscillation control scheme

The spectral composition of the acoustic signal according to MSC, where the product with
defect — 1 and without defect — 2 is considered in Figure 4.

A

Fig. 4. Spectral composition of an acoustic signal using the free oscillation method
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The advantages of this method are: non-destructive testing of parts made of materials with a
small Young's modulus; significant vibration attenuation coefficients; the ability to search for
defects in the depth of parts.

By the reverberation-through ultrasound method, the transmitting and receiving transducers
are fixed at a certain distance from each other on the control object [13]. The scheme of non-
destructive testing of internal defects for products without defect (a) and with defect (b) by
reverberation-through ultrasonic method is shown in Figure 5.

1 i
| il

|'||

\ defect

Fig. 5. Scheme of non-destructive testing of internal defects: for products without defect (a)
and with defect (b) by reverberation-through ultrasonic method

The advantages of this method: due to the repeated passage of ultrasonic pulses through the
control object, it is possible to detect numerous minor defects that cannot be detected by other
methods, affecting the operational properties of the material — porosity, microcracks, the initial
stages of fatigue failure, etc.

The disadvantage of the method is that this method does not allow accurate determination of
the coordinates of identified defects or certain characteristics of the material; the method provides
only averaged data on the condition of the zone of the control object located between the emitting
and receiving transducers. The disadvantages of the method also include the difficulty of
deciphering the control results, the use of contact fluid, and the control of structures with small
curvature.

The impedance method of ultrasonic testing analyzes changes in the input impedance of the
surface of the control object with which the transducer interacts [14]. The method is most effective
in quality control of cellular glued structures, in order to determine the presence of non-adhesives
and delaminations. The transducers used in assessing the quality of products can be combined (Fig.
6, a) and separately combined (Fig. 6, b).
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Fig. 6. Impedance flaw detector transducers
1 - controlled object; 2 - contact tip of piezo elements; 6 - rear mass; 7 - transducer housing; 8 -
emitting vibrator; 9 - receiving vibrator
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The acoustic emission control method is most effective in detecting the presence of cracks
in the parts of products (Fig. 7) [15,16].
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Fig. 7. The principle of crack diagnosis using acoustic emission

2. Confocal laser scanning microscopy (MSM) is an optical method for obtaining three-
dimensional images of textures of surfaces and objects. Using the reflected light method, surface
roughness is measured accurately and non-contact. The method of confocal microscopy is
necessary for the production of fluorescent probes, parts in mechanical engineering, and for
studying the structure of alloys and metals. The high resolution of this modern optical equipment
makes it possible to create three-dimensional images with great accuracy and analyze the dynamics
of spatial processes [17].

Compared to conventional light microscopy, confocal microscopy has the following
advantages:

- improved resolution;

- high image contrast;

-the ability to conduct multispectral studies with a high degree of signal separation;

- the possibility of obtaining "optical slices" with three-dimensional reconstruction;

- possibilities of using digital image processing methods;

Disadvantages of the method:

- the difficulty of setting up the device;

- lack of optical image;

- the high cost of the devices, as well as the high cost of their maintenance.

A confocal microscope allows you to create a three-dimensional image by layer-by-layer
scanning of details in depth, which clearly demonstrates the wide possibilities of this method.

However, with all the advantages of the previously listed methods of non-destructive testing
of mechanical engineering products, several methods can be chosen to solve the problems of
quality control of turbine blades of aircraft gas turbine engines.

Types of defects. The turbine blades of an aircraft engine are subjected to heavy loads and
aggressive conditions, which makes them vulnerable to various defects. Defects can occur at
different stages of operation, and their classification can be based on different characteristics. The
following are the main types of defects that can occur on turbine blades.

Mechanical defects. Permanent deformations: include bends or displacements caused by
impacts on the blade during operation or the manufacturing process.

Wear: Mechanical friction between the blades and other components can cause the material
to wear out, especially on the surface. This type of wear can be caused by elevated temperatures
and pressure changes. Vibration defects: Frequent fluctuations during operation can lead to cracks
or fractures in areas prone to fatigue (Fig. 8).
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2. Corrosion defects
Spotty corrosion: Local destruction of materials resulting from uneven exposure to a
corrosive environment. Spotty corrosion can manifest itself as darkening or loss of the metal layer.
Concentrated corrosion: It is caused by the presence of aggressive joints in the area of welds or in
places where pollutants can accumulate. Erosive corrosion: A combination of abrasive wear and
corrosion resulting from the action of rapidly moving gases on the surface of the blades (Fig.9).
Incident with GTD-110 at Ryazanskaya GRES
On 18 September 2012, an accident occurred at Ryazanskaya GRES due to the breakage of
the working blade of the first stage of the GTD-110 turbine. This breakage resulted in increased
vibration on both bearing supports of the engine and its shutdown. The estimated cost of the repair
was about 1 billion rubles.
Causes of damage to gas turbine engine blades
1. Foreign Objects: Sand, metal debris or other foreign matter sucked into the engine can
cause scoring, dents and even blade failure. For example, cases where a pocket light or broken off
air intake door rivet rods have been sucked into the compressor have resulted in blade damage.
2. Erosion damage: Working in dusty areas can lead to erosion of compressor blades due to
fine particles, which reduces their life and can lead to failures.
3. Fatigue damage: Improper maintenance and operation of engines beyond their overhaul
life can lead to fatigue cracks and blade failure.

L2,/ 4

Fig. 9. Occurrence of corrosion on the turbine blade on GTD-110 at Ryazanskaya GRES

3. Cracks: fatigue cracks occur under the influence of cyclic loads. These cracks may be
small, but they can grow over time and cause serious damage.

Cracks caused by thermal shock: A sudden temperature change may occur, which causes
stresses in the material, leading to the formation of cracks. Structural cracks: appear as a result of
defects in the manufacturing process, such as improper machining or casting.
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4. Surface defects

Scratches and chips: may occur as a result of mechanical contact with other components or
due to ingress of foreign particles. Rust and oxidation: They form on metal surfaces as a result of
exposure to moisture and oxygen, which reduces the strength and corrosion resistance of the
blades.

5. Defects related to production

Insufficient processing: imperfect mechanical processing can lead to the formation of
microcracks or imperfections of the surface. Incorrect alloy composition: the use of substandard
or unsuitable materials can lead to a decrease in the strength and corrosion resistance of the blades.

Welding defects: Improperly executed welds can become the starting point for corrosion or
cracks.

Defects on the turbine blades of an aircraft engine can significantly affect the reliability and
efficiency of the engine. Timely detection and elimination of these defects, as well as the use of
modern diagnostic and preventive technologies, will help extend the service life of the blades and
improve flight safety. The urgency of this issue underscores the need for constant monitoring of
the condition of the blades and the introduction of new methods of their protection.

Conclusion. Destructive and non-destructive methods of examining damage to turbine
blades and other parts can prevent the occurrence of defects such as: mechanical; corrosion; cracks;
surface defects; defects related to production; and these methods play a key role in ensuring the
continuous operation of an aircraft engine and preventing aviation incidents.
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