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MAINTENANCE AND REPAIR OF AIRCRAFT ENGINE TURBINES

Abstract. The turbine is the main part of the aircraft engine responsible for converting
fuel into energy to drive the propeller blades. The article is devoted to the maintenance and
repair of an aircraft turbine, including the basic procedures and techniques used to detect and
correct defects and damage in the turbine. It also describes the process for diagnosing and
analyzing turbine failures, and how to prevent such failures from occurring in the future. Turbine
maintenance is critical to flight safety, and the article can be useful to both aviation professionals
and the general public interested in aviation and technical issues. Reliability and resource, as
practice shows, depend more on the number of load cycles and thermal cycles associated with
starts, stops and changes in the engine operating mode than on the total number of hours of
operation. The turbine is the most important unit of the engine, which determines its service life
and reliability of operation. Cooled rotor blades make it possible to increase the working
temperature of the gas in front of the turbine or to use less scarce materials for the manufacture
of blades. Currently, two types of cooled rotor blades are mainly used: frame and composite
blades.
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Introduction.

Aircraft turbine maintenance and repair are important components of flight safety. The
turbine, which is a key part of an aircraft engine, is responsible for generating the thrust required
to lift and propel the aircraft. Regular maintenance and repairs are required to keep the turbine
running smoothly.

Turbine maintenance includes a number of procedures that must be carried out in
accordance with international aviation safety regulations and standards. These procedures help to
detect and eliminate possible malfunctions in the turbine before they occur during flight. Turbine
repair, in turn, involves the implementation of a number of measures aimed at restoring its
performance and guaranteeing flight safety.

Gas turbines offer a number of advantages over other types of engines, including high
power, relatively low weight and compactness, and the ability to accelerate quickly. These
factors make gas turbines particularly suitable for use in aircraft [1].

However, gas turbines also have their disadvantages, including high cost, complexity and
high cost of maintenance, as well as significant noise and emissions.

In this work, we will consider the main aspects of aircraft turbine maintenance and repair,
as well as get acquainted with the methods of diagnostics and fault analysis. This information
can be useful not only for aviation specialists, but also for anyone interested in technical issues
and flight safety.

The gas turbine is a blade installation necessary to ensure the movement of the electric
generator (figure 1).

Its main parts are a rotor and a stator with blades.

The blade is a metal part, which is a plate with a shank attached to the disk. As a rule, the
width of this plate is a quarter of its length.

Rotor - a movable shaft on which discs with blades are mounted. One disc is called the
rotor stage. The number of stages and the size of the blades on each of them depends on the
characteristics of the work and the required power of the unit.
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The stator is a fixed element of the turbine, which is a blade of a different shape, fixed in
a housing around the rotor. It serves to direct the gas to the rotor plates at the desired angle. This
increases the efficiency and reliability of operation, and also prevents the disruption of the flow
of material [6].

Together with the combustion chamber, the gas turbine is a gas turbine plant.

Figure 1 - Gas turbine plant

With the help of a turbocharger, the incoming air is compressed and fed into the
combustion chamber. There it heats up and expands.

Combustion products under pressure are supplied to the turbine blades, which drives the
rotor, which is the drive of the electric generator.

With the same power as steam gas plants, they have less weight and dimensions, are put
into operation faster, and are easier to maintain [2].

Unlike an internal combustion engine, a gas turbine has fewer moving parts and low
vibration during operation, a higher power-to-size ratio, low emissions, and low fuel
requirements.

The use of gas turbines is associated with some disadvantages. Among them are high cost
due to the complexity of parts production, high power consumption, slow start compared to
internal combustion engines, low efficiency at low loads.

Materials and methods.

Analysis of structures and identification of cracks in the most loaded areas, as well as
regular maintenance.

Distinctive features. “The main feature of a gas device in comparison with steam and
combined-cycle turbines is the invariability of the aggregate state of the incoming substance
throughout the entire working process. This allows them to operate at higher temperatures and
increase efficiency.”

According to the direction of the gas flow, gas turbines are axial (most common), radial
and mixed.
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Axial turbines in modern gas turbine engines are predominantly used. Such turbines

approximately retain the axial direction of gas movement at the inlet to the turbine stage and at
the outlet from it (figure 2).
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Figure 2 - Scheme of a two-stage twin-rotor axial turbine

In addition to the axial turbines discussed above, in the flow parts of which the steam
flow moves along the rotor axis, radial and radial-axial turbines have found wide application.

Radial turbines are those in which the steam current lines are in a plane perpendicular to
the rotor axis. If the steam moves in the direction from the periphery to the axis of the rotor, such
turbines are called centripetal; if from the rotor axis to the periphery - centrifugal.

The radial turbine is more reliable in operation and has a longer service life with less
maintenance requirements.

Radial-axial turbines are those in which the steam flow in the nozzle blades is directed

from the periphery to the axis of the turbine, and the flow in the working blades has a radial-axial
direction [3].

Results and Discussion.

Repair of gas turbines: measures to restore performance and ways to reduce wear of parts.
Gas turbine equipment operates under extremely difficult conditions: extreme rotational speeds
and temperatures (gas heated to approximately +1000 °C is supplied to the blades), high loads,
long-term continuous operation lead to corrosion and damage to parts, failures in the operation of
units.

Small particles enter the system along with the incoming gas. Air filters cannot cope with
a large amount of dust, it moves into the working chamber and stimulates abrasive wear of the
elements.

Turbine blade roots are subjected to fretting corrosion - wear due to constant micro-
movements of parts relative to each other in a corrosive environment. In addition, they quickly
become dirty and require cleaning with a non-abrasive material (figure 3).
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Figure 3 - Damaged turbine blade

Nozzle guides are cracked and damaged due to temperature fluctuations. To restore, they
are welded.

The turbine shaft can become misaligned due to significant rotational speeds, which leads
to increased vibration during operation and accelerated bearing wear.

The plain bearing experiences high pressures and operates under conditions of increased
friction. At the start-stop moments of the unit, the risk of damage is maximum. When using low-
quality protective materials or with a lack of lubricating fluid, the element quickly fails [4].

Repair of damage to parts of a gas turbine plant. Returning to possible defects in GTU
parts and their elimination, we note that the main causes of defects in GTU parts are as follows:
high-temperature corrosion, destruction due to vibration, thermal deformation, mechanical and
erosive wear, and non-compliance with fuel preparation requirements [7].

The nature of the damage caused by these causes, in most cases, allows them to be
detected only by non-destructive testing methods, and eliminated by welding. In more detail
about some possible damage to parts of the gas turbine:[5]

Repair of a crack in the turbine nozzle guide vane.

Crack in the turbine nozzle vane (figure 4) - cracking caused by thermal cycles "heating-
cooling™.

The size of the crack exceeds the allowable limits, and this segment should be replaced in
the near future, regardless of the timing of the scheduled inspection.

Figure 4 - Crack in the turbine nozzle guide vane
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This defect can be eliminated by crack sampling, subsequent welding, mechanical and
heat treatment and application of a thermal barrier coating at the final stage. Subsequently, the
repaired segment can be used to replace a similar damaged one;

Damage to the blades of the 1st stage of the turbine (Figure 5) - the condition of the rotor
blades in the picture is typical for most of the rotor blades of the 1st stages of the gas turbine hot
gas path, which have worked out before the next inspection and must be replaced.

Figure 5 - Damage to the blades of the 1st stage of the turbine (erosive wear of the leading edge)

This condition corresponds to normal wear and tear and is caused by the cumulative
effect of the above causes.

Cooled rotor blades make it possible to increase the working temperature of the gas
before the turbine or to use less scarce materials for the manufacture of blades. The blades are
mainly cooled by air taken from the compressor, although cooling is also possible with liquid
coolants (water, fuel, molten metals, such as sodium, etc.). Creating a successful design of
cooled blades is associated with great design and technological difficulties, since it is necessary:

- ensuring a uniform temperature field over the cross section; unevenness leads to the

appearance of thermal stresses, which can nullify the cooling effect;

- maintaining the necessary strength and vibration resistance;

- design manufacturability.

Cooling the blades by removing heat to the disk rim is the simplest method, but its
effectiveness depends on the type of blade fastening lock and the thermal conductivity of the
blade material.

Currently, two types of cooled rotor blades are mainly used: frame and composite. The
frame blade consists of a supporting frame-frame and a thin-walled shell covering it. Between
the frame and the shell there are channels for the passage of cooling air. In terms of their
aerodynamic properties, such blades are not much inferior to solid, uncooled ones, but the
presence of transverse grooves on the rods greatly reduces their strength. Composite blades are
made of two separate parts. Each part is made separately, and then channels are milled on the
joined surfaces. After connecting both parts, cavities are formed inside the blade for the passage
of cooling air. (Fig. 6) In addition to the listed methods of cooling the rotor blades, cooling with
a protective film (barrage cooling) is possible. This method is based on the principle of creating a
protective coolant layer between the hot gas and the blade surface. In this case, there are a
number of slots in the blade walls through which the coolant is blown into the gas boundary
layer near the blade.
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Figure 6 - Scheme of cooling of rotor blades

Conclusion.

In conclusion, it can be noted that aircraft gas turbines are one of the most important
components of aircraft, which provide the necessary thrust for their movement. Maintenance and
repair of gas turbines is critical, as any failure in their operation can lead to dangerous situations
that can lead to an accident.

To ensure the reliable and safe operation of aircraft gas turbines, regular maintenance is
necessary, which includes checking and replacing components, as well as repairs if necessary. It
is also necessary to observe the correct mode of operation of gas turbines, including optimal load
conditions, fuel quality control and other factors.

In general, the correct maintenance and repair of gas turbines are important factors for the
safety and reliability of air transport.
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I9YE KO3FAJITKbILITAPBIHBIH TYPBUHAJIAPBIH )KOH/AEY KOHE
TEXHUKAJIBIK KbIBMET KOPCETY

Angarna. TypOuHa - oye BHHTIHIH KaJlaKTapblH KO3Fay YIIIH OTBIHJbI JHEPIUsFa
allHaJIIBIpyFa JKayanThl YIIaK KO3FaJITKBIIIBIHBIH HET13r1 Oeiri Oonbin caHanagsl. Makanana aye
KEMECIHIH TypOWHAChIHA TEXHUKAIBIK KBI3MET KOPCETYre MKOHE JXOHJIEYre apHaJFaH, OHBIH
imiHae TypOMHAAarbl akayJap MeEH 3aKbIMAAHYJIapAbl aHbIKTay JKOHE TY3€Ty YIIIH
KOJJAHBIIATBIH HET13T1 TpoIeaypajap MEH OIICTep KepceTulreH. by makamaga coHmai-ak
TypOMHAIIBIK aKayJap/bl JUAarHOCTHKAJAy JKOHE TaJjiady IMPOIECiH JXKoHe Ooamakra MyHjan
aKayJapJblH aJJIbIH Iy >KOJIIaphl CHITaTTalFraH. TypOWHara TEXHHKAJIBIK KBI3MET KOpCeTy
Ke3IHJe VYINy Kayilci3airi yuriH >kKoHe aBUalldsg MaMaHAaphl YIIH JIe¢ ©T€ MaHbBI3Ibl, MYHJIAFbI
aKnaparrap aBHALMSJIBIK XKOHE TEXHUKAJIBIK MICENeNepre KbI3bIFYIIbUIBIK TaHBITKAH KOIIILTIK
YIIiH 1e maigansl 001yel MyMKiH. TokipuOe KepceTKeHIeH CEHIMAUIIK MEeH Pecypc, KYMBIC
YaKbITBIHBIH KaJIbl CaHbIHA KaparaHAa, KO3FAITKBIILITHIH KYMBIC PEXKHUMIH iICKE KOCY, TOKTATy
JKOHE e3repTyre OalIaHBICTBl JKYKTEME IHMKJIJAapbl MEH JKbUTY HHMKJJICPIHIH CaHbIHA KOOIpeK
OaitytanpicThl. TypOWHA KO3FaNTKBIIITHIH KBI3BMET €Ty MEP3IMiH JKOHE JKYMBIC CEHIMIUIITH
AQHBIKTAWTBIH €H MaHbBI3Abl Oipiiri Oomieim TaObuianel. CyBITBUIFAH POTOP KaJaKTaphl KOHE
MbIIaKTap TypOWHA alJbIHAAFbl Ta3/bIH XKYMBIC TEMIIEpaTypachlH >KOFapblIaTyFa HeMmece Tra3
OHJIIPY YIIIIH TaIllIbl MaTepHAIapbl a3bIpaK IMaiaananyra MyMKiHIiK Oepemi. Kazipri yakpiTTa
CAJIKBIHJATBUIFAH POTOP KaJaKTapbIHBIH HEri3iHeH €Kl Typl KOJIJaHbLIaAbl: paMalblK KoHE
KOMIIO3UTTI KaJlakrap.

Tyiinai ce3mep. Kanakma, potop, crarop, OCETIK TypOWHa, pamuaiabl TypOWHA,
paauanab-0ChTIK TypOHHA.
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TEXHUYECKOE OBCJIY’KUBAHUE U PEMOHT TYPBUH ABUAIIMOHHBIX
JNBUTATEJIEA

AHHOTaIII/IH. Typ6I/IHa SIBIIIETCS OCHOBHOM YacCThIO JIBUTaTEs caMoJI€Ta, OTBEYAIoIIEH

3a mpeoOpa3oBaHUE TOIUIMBA B DHEPrUIO Ui MPUBOJA JIOTMACTEH BO3AymIHOTO BHHTA. Crarhs
MOCBSIIIEHA TEXHUYECKOMY OOCTY)KMBAHUIO U PEMOHTY TYpOHHBI CaMoJieTa, BKJII0Yasi OCHOBHBIC
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IOpoIeaypsl M TEXHHUKH, MCIONb3yeMble sl OOHApyKEHUS W UCHpaBICHUS Ae()EeKTOB H
NOBpeKJAeHUM B TypOuHe. OHa TakKe OIMCHIBAET MpOLECC JUArHOCTUKM M aHalIu3a
HEUCHpaBHOCTEH TypOWHBI, a TaKkKe METOAbl NPEJOTBPAIICHHUS BO3HUKHOBEHHS TaKHUX
HeucnpaBHocTed B OynymeM. OOciykuBaHue TypOUHBI SIBISETCS KPUTUYECKH BaXKHBIM IS
0€301aCHOCTH TI0JIETOB, M CTAaThsl MOKET OBITH MOJIE3HA KaK aBHAIIMOHHBIM CIICIIHATUCTaM, TaK U
HAPOKOMN ayIUTOPUU, UHTEPECYIOLIEHCS aBUALIMEN U TEXHUYECKUMU BonpocaMu. HanexxHocTs u
pecypc, Kak II0Ka3blBaeT IIPaKTHKA, OOJIbIIE 3aBUCAT OT YWCIA LHUKIOB HAarpyKeHus H
TEIUIOCMEH, CBA3aHHBIX C 3allyCKaMU, OCTAHOBKAMH M U3MEHEHUSIMHU peKUMa paOoThl ABUraTels,
yeM OT oOlIero KoJu4ecTBa 4YacoB HapaOoTku. TypOuHa sBiseTcsd BaXHEUIIUM Y3JI0M
JBUTATENs], OMNPEACISIOUIUM €ro pecypc M HaJEeKHOCTh paboTel, Oxiaxnaemele paboune
JIOTIAaTKU TO3BOJISIIOT YBEIMUMBATh pabouyro TeMiepaTypy rasa nepej TypOUMHON MM IPUMEHSTh
JUIS U3TOTOBJICHMS JIONATOK MeHee JAepUIMTHbIE MaTepHualibl. B HacTosiee BpemMsi IPUMEHSIOT B
OCHOBHOM /IBa THIIa OXJIaXK/IA€MBIX pabOUYMX JIONATOK: KapKAaCHbIE U COCTABHbIE

KuroueBbie cioBa. Jlomarka, porop, cratop, oceBas TypOWHa, paauaibHas TypOuHa,
paauaibHO-0CceBas TypOUHa.
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