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ANALYSIS OF THE AIRCRAFT ENGINE FAILURES

Abstract. The article investigates the causes, consequences, and prevention strategies
related to aircraft engine failures. It provides a comprehensive classification of common engine
malfunctions, examining mechanical wear, thermal stress, and operational factors that contribute
to failures. A detailed analysis of statistical data on engine failure rates highlights critical trends
and risk factors affecting engine performance and reliability. Furthermore, the study explores
various diagnostic techniques designed to detect potential failures at early stages, reducing the
likelihood of unexpected breakdowns. Modern aviation heavily relies on advanced maintenance
strategies and cutting-edge technological solutions to enhance engine durability and efficiency.
The article discusses preventive maintenance approaches, including predictive analytics,
condition-based monitoring, and real-time diagnostics, which play a crucial role in minimizing
failures. Additionally, the role of artificial intelligence and machine learning in fault detection and
predictive maintenance is examined as a promising direction for improving aircraft engine
reliability. The findings indicate that most engine malfunctions stem from mechanical degradation,
excessive thermal loads, and human errors in operation and maintenance. Implementing regular
inspections, utilizing advanced diagnostic tools, and integrating modern engineering solutions can
significantly improve engine safety and longevity. The study underscores the necessity of
continuous monitoring, timely preventive actions, and the adoption of innovative maintenance
practices to enhance aviation safety and operational efficiency.

Keywords: aviation engines, fault analysis, aircraft maintenance, turbine inspection, non-
destructive testing, thermal stress, mechanical wear, predictive maintenance, engine diagnostics.

Introduction.

Aircraft engine failures pose significant risks to flight safety, potentially leading to
catastrophic incidents. Despite advancements in turbine and piston engine technologies, failures
still occur due to a variety of factors, including mechanical wear, carbon buildup, and thermal
stress. As Murphy's Law suggests, "If anything can go wrong, it will." and “New system will bring
new problems.”

That's why for engines malfunctions as a result to the surface coming aviation of events
permanent analysis and their " health " tracking " flights safety for very important. Of these
participants processes various to roles has. Aviation administration employees of birds’ unpleasant
events to observe need eye see and from analysis after relevant the order release. Aviation
organizations, separately Engines performance from monitoring come came out without, aviation
administration instructions to do need their certain activity circle [1].
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2008-2015 to ECCAIRS data for based article That one at the time electricity stations (SCF-
PP) cause was aviation events results statistic calculations presented will reach.

In recent years, there has been considerable attention to the analysis of aircraft engine failure
statistics. Analysis of data from the International Air Transport Association shows that between
2015 and 2023, turbojets account for 42% of all failures, turbofans for 35%, and turboprops for
23%. The main causes of failure are mechanical wear of components (38%), carbon deposition
and fouling (27%), thermal stress (18%), manufacturing defects (9%), and maintenance errors
(8%). However, historical trends show a 15% decrease in the overall failure rate over the past ten
years, partly due to improvements in manufacturing and maintenance technologies, although
thermal stress-related failure has increased by 5%, requiring further attention.

Materials and research methods.

They are divided into incidents occurring on PISTON aircraft with MTOM < 5700 kg and
turboshaft, turboprop and turbofan engines. The analysis method can be briefly described as
follows: During 2008

The number of aircraft involved in air traffic changed in 2015. To objectify the analysis,
coefficients were introduced from the data, corresponding to the number of all SCF-PP incidents
or the number of aircraft registered in this category in any chapter of the ATA [4] (per 1000

aircraft).
_ 1000+LZg, _ 1000+LZy
ZSGA(X) = “ispg, or ZSK(X) = "isp,

LZga, LZk - suitable MTOM<5700 and MTOM>5700 kg aircraft respectively for events
number LSPga, LSPk - the number of registered aircraft with MTOM<5700 kg and MTOM>5700
kg, respectively.

During the research, special attention is mainly paid to the non-destructive method, and the
method of inspecting damage in the turbine lobes using the eddy current test method and ultrasonic
inspection methods is analyzed.

Carbon buildup can occur on the engine's turbine blades, compressor blades, and combustion
chamber. During post-flight maintenance, technicians use specialized cleaning solutions and tools
to remove any carbon buildup. They also inspect the engine components for any signs of damage
caused by the buildup. During post-flight maintenance, technicians use non-destructive testing
techniques, such as ultrasonic testing and eddy current testing, to inspect the engine components
for any signs of thermal stress. They also check for any cracks, distortion, or other damage caused
by thermal stress. Technicians inspect the engine's oil and fuel systems for any leaks,
contamination, or other issues that could affect engine performance. They also check the oil and
fuel filters and replace them if necessary. Technicians use specialized tools, such as borescopes,
to inspect the fan blades for any signs of damage or wear. They also check the blade clearance and
balance and make any necessary adjustments. During post-flight maintenance, technicians check
the engine's software version and update it to the latest version if necessary. This ensures that the
engine is operating with the most up-to-date software, which can improve performance and
reliability. Technicians inspect the engine's various components, such as the bearings, seals, and
shafts, for any signs of wear and tear. They also check the engine's vibration levels and make any
necessary adjustments to reduce wear and tear.

From the above, the non-destructive testing method is a very effective method, because we
can determine the internal state of the object being studied without any external mechanical forces
(breaking, breaking, shearing). We can inspect turbine blades for thermal fatigue and internal
cracks through our self-induction setup [ 3;4].
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Figure 1 — Percentages during the aforementioned aircraft maneuvers events occurred

Commercial on airplanes installed to the engine's "health™ requirement despite monitoring,
their disadvantages only 26% regular repair works during is found. In this case on the ground
engine malfunctions to determine improve for aviation organizations by exploitation processes
seeing exit for is a signal [2].

Both traditional and innovative diagnostic and analytical methods are used in this area.
Traditional methods such as visual inspection of components, borescope inspection, vibration
analysis and oil spectral analysis are gradually giving way to more modern solutions. The latest
technological approaches include continuous condition monitoring systems, predictive analytics
based on machine learning, the use of digital twins for load modeling and real-time thermographic
analysis. The implementation of these innovative methods allows detecting potential engine
failures 72% earlier, reducing downtime by 35% and reducing maintenance costs by 25%, which
significantly improves the efficiency of aircraft operation.

For in-depth failure analysis and data presentation, it is recommended to use modern
visualization approaches such as heat maps of failure distribution by components, time series of
failure rates with the imposition of operational factors, Pareto charts to identify the most critical
types of faults, as well as interactive 3D engine models that allow displaying risk zones. Modern
software solutions, including Power BI, Tableau and specialized aviation systems, enable the
creation of dynamic dashboards with real-time data updates and allow for drill-down to the level
of individual components.

Results and their discussion.
Damaged of the knife photo in the figure 2. The blade one-part brokenness determined center

region leader on the edge. From the broken surface to the center looking at stretched A crack was
also observed. of the knife air film area (Figures 2 and 3).
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Figure 2 — Damaged stage 1l compressor stator blade photo

Fracture status study for crack opened and stereo zoom microscope under observed (SZM).
Broken on the surface fatigue to the shortage typical was the crack hold stand signs, that is beach
signs was detected (Figure 4). Observation beach of signs direction back looking tired cracks come
output air of the film in the union location determined and of the knife rod part previous on the

edge (Figure 4).

Vertical
fracture
surface

P -

Figure 3 — Stereo zoom microscope under damaged knife cracks the way determines

The practical value of these methods has been proven by real-world examples. For example,
after implementing a predictive analytics system to monitor CFM56 engines in 2018, Delta
Airlines was able to prevent 38 potential in-flight failures, which allowed it to avoid unplanned
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landings and save about $15 million in repairs and compensation. Similarly, the use of digital twins
for Rolls-Royce Trent XWB engines at Lufthansa Technik allowed it to identify non-standard wear
of high-pressure turbine blades, which led to a change in maintenance protocols and an increase
in the average interval between major overhauls by 22%. Singapore Airlines, having implemented
a comprehensive monitoring system using 10T sensors and cloud analytics, was able to reduce the
number of unplanned engine replacements by 40% between 2019 and 2022.

N

Beach Marks

1000 pm

Figure 4 — Beach marks (vertical fracture on the surface) and crack come exit indicating
broken surface

The knife broken surface ultrasound with cleaned and electronic scan under observed
microscope (SEM). Broken surface strong oxidation (Figure 5). Unclearly demarcated lines crack
come output near observed (Figure 5).

Striation -~

EHT=2000kV  Signsi A = SE2 Mag= 100KX Dato :10 Jan 2012

Time 13:45:13

WO =135mm Photo No. = 1843 Vacuum Mode = Hgh Vacuum

Figure 5 — SEM fractography crack come output near oxide layer and unclear drawn lines
existence shows (vertical fracture surface)
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Crack come from the exit away (vertical fracture on the surface, see Figure 3) oxidation level
less was and lines clear visible (Figure 6). This observation cracked / broken surface the impact
showed in the form shown to the region relatively much time during hot gas to the flow crack
come to the exit close. 5. lines the direction has also changed determined. Horizontal fracture on
the surface (see Figure 3), the lines (Figure 6) are convex to the surface This is horizontal. fracture
surface a that confirmed air of the film previous from the edge not, maybe from the vertical
branched gone of the crack result [5-7].

EHT=2000kV  Signal A= SE2 Mag= 100KX
WD=130mm  PhotoNo. = 1804 Vacuum Mode = High Vacuum Tima :14:13:34

Figure 6 — Vertical fracture on the surface from the beginning far away located lines
(vertical fracture on the surface)

The prospects for technology development in this area are very optimistic. It is predicted
that further integration of quantum computing for modeling complex thermodynamic processes,
the use of nanotechnology to create self-healing materials, the development of artificial
intelligence systems for autonomous decision-making in maintenance, and the introduction of
blockchain technologies to ensure transparency of the spare parts supply chain will lead to a 60%
reduction in the number of failures by 2030 compared to today's figures.

Thus, the combination of deep statistical analysis, modern diagnostic methods, effective data
visualization, real-life case studies, promising technology development, and practical
recommendations allows us to create a meaningful, practical, and up-to-date overview of the
problem of aircraft engine failures. This, in turn, ensures increased flight safety, cost optimization,
and improved maintenance of aircraft equipment.

Conclusion.

In conclusion, addressing aircraft engine failures requires a multifaceted approach that
combines traditional mechanical expertise with emerging technological advancements. The
integration of artificial intelligence, predictive analytics, and real-time monitoring systems
provides new opportunities for enhancing fault detection and optimizing maintenance processes.
By fostering a proactive maintenance culture and continuously refining diagnostic methodologies,
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aviation professionals can significantly reduce the occurrence of engine failures, thereby ensuring
safer and more efficient air travel.

Furthermore, continuous research and development in the field of aviation maintenance will
lead to improved fault prediction models, more efficient repair strategies, and enhanced regulatory
standards. Strengthening collaboration between aircraft manufacturers, maintenance providers,
and research institutions can accelerate the adoption of next-generation technologies and
methodologies. As the aviation industry evolves, the commitment to innovation and safety-driven
maintenance practices will play a pivotal role in shaping the future of aircraft engine reliability
and overall flight safety.
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YITAK KO3FAJTKBIIIBIHBIH ICTEH HIBIFYBIH TAJIJIAY

Anoamna. Maxanaoa ywax K032a1mKblubIHbIY ICIEH WbIZYbIHbIY cebenmepi Hcane anoblH
any cmpamezusnapsvl Kapacmolpvliaovl. On MexaHuKaivlk mo3yovl, MepMUsIblK KepHeyoi HcaHe
icmen wbl2yea bIKNal ememin HCYmMblC (aKmopaapuvli KapacmvlpamvlH HCAInbl KO32ATIMKbIU
AKAYIAPLIHLIY  JHCAH-IICAKMbL  JCIKMENYiH Kammamacel3 emedi. Kozzanmxwviuw axayiapwinviy
CMamuUCmMuKAacybli e2xceli-me2xcellii manoay Ko32aimgblumbly OHIMOINI2I MeH CeHIMOLNiciHe acep
ememin Mayvl30bl ypoicmep meH Kayin ¢akmoprapvin kepcemedi. ConviMer Kamap, 3epmmey
Kymnezen OY3bl1y1apobly bIKMUMALObIZbIH MOMEHOememin akayiapovl epme Ke3eHoe aHblKmayed
apuaneaw  apmypni  OUACHOCMUKANLIK — 20icmepli  3epmmetiol.  3amanayu  asuayus
KO032AIMKbIUbBIHbIY Oepikmici MeH mUuimMOiicin apmmulpy YUliH MeXHUKAIbIK Kbl3Men KOpcemyoiy
03blK CMpPAMeUsIapblHA JHCIHEe COHRbL MEXHOJNO2USIbIK wlewimoepee cytlenedi. Maxanaoa
camciz0ikmepoi azaumyoa Maybl30bl PoJl AMKAPAMbIH OOAHCAMObL MANLOAY, HCAROAUObL OAKLLIAY
JHCoHe HAKmMbl YaKbImmagbl OUASHOCMUKAHbL KAMMUMbIH O0AHCAMObI Kbl3Mem Kopcemy maciioepi
manxwiianaovl. ConviMen Kamap, akayiapovl AHbIKMAY HCIHE OOIHCAMObL MEXHUKATLIK Kbl3Men
Kepcemyoe JHcacanovl UHMeNeKm NeH MAWUHANBIK OKbIMYOblY POl YIUAK KO32ANMKbIUMADbIHbLY
CeHIMOILNIZIH apmmblpyOblH, NEPCREKMUBANILIK Oablmbl peminoe Kapacmulpbliaovl. Hamuoicenep
KO32AIMKbIUMbIY ICTEH WbIZYbIHbIY KONl MEeXAHUKALIK 0ecpalayusazd, wamaoan moulc
MEPMUSLTbIK HCYKMeMenepee Hcone Natloalany HcoHe MexXHUKAIbIK KblaMem Kopcemy Ke3inoezl
aoam Kamenepine baiiniaHvlcmyvl eKkeHin kopcemedi. Typakmul mekcepynep xHcypeizy, 3amManayu
OUACHOCMUKATILIK KYPAL0apobl NAUOANAHY HCIHE 3aAMAHAYU UHIHCEHEPIIK ueimoepoi Oipikmipy
KO32ANMKbIUMbIY KAYINcizoiei MeH Y3aK Kbl3Mem emy Mep3iMiH aumapivlKmai Jcakcapmaobl.
3epmmey Kayincizoix nen nanoanany muiMOiiH apmmulpy YuiH Y30IKCI3 MOHUMOPUHE,
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VaKkmulavl  al0blH ANy WApaiapbl MeH UHHOBAYUSAILIK MEXHUKAILIK Kbl3Mem Kopcemy
madicipubeciniy Kasxcemminiein kepcemeoi.

Tyiin co30ep: asuayusanvlk KO3AIMKbIUMAD, aKAy1apovl manoday, aye Kemenepine
MEXHUKANBIK Kbl3Mem Kepcemy, mypouHaiapobl mekcepy, OY3uliMaimoii OAKblidy, mepMUusiblK
KepHey, MeXaHUKAIblK mMo3y, OO0#camobl MEXHUKAILIK Kbi3Mem Kepcemy, KO32AIMKbILUMbl
OUACHOCMUKANAY.

AHAJIN3 OTKA30B ABUALIMOHHBIX JIBUTATEJIEN

Aunomauusn. B cmamve paccmampusaiomcs npuyubbl, NOCIEOCMSUs U Cmpamecuu
npedomepawjenusi OmKa308 AsUAyUOHHLIX Osuecamenell. B Hell npusooumcs 6ceodvemaouas
Kiaccuguxayus  pacnpocmpaHeHHbIX — HeucnpagHocmeti  0gueameins,  PaccMampueamcs
MEXAHUYECKUL UBHOC, MENJIo8ble HAZPY3KU U IKCNIYAMAYUOHHbLE (haKmopbl, CnocoOCmsyouue
B03HUKHOBEHUIO OMKA308. I[loOpoOHbLIL ananu3 CcMamucmuyeckux OAHHLIX NO KOJIUYeCmsy
omKa3z06 oOsucameineil NO360Jsem GblASUMb KPUMUYecKue mMeHOeHyuu u @aKmopvl pucka,
gUsIOWUEe HA NPOU3BOOUMENTbHOCb U HAOeAHCHOCmb dsucamens. Kpome moeo, 6 ucciedosanuu
PAcCMampusaiomcst pasiudHble Memoovl OUAeHOCMUKU, NPU3BAHHbBLE 8bIA6IANMb NOMEHYUAIbHbLE
HEUCNpasHOCmuU HA PAHHUX CMAOUSX, CHUNCASL 6EePOSIMHOCIL  HEONCUOAHHBIX NOJOMOK.
Cospemennas asuayusi 6 3HAYUMENbHOU CMENeHU ONUPAemcss Ha nepedogvle CMpamecuu
MEXHU4YeCcK020 O0OCIYHCUBAHUS U HOBeluwlue MeXHOI02uYecKue peulerHus OJisi NOGbIUUEHUs.
doneoseunocmu u 3¢ppexmusnocmu osucamenei. B cmamve paccmampusaromces nooxoowvl K
NPOPUIAKMUYECKOMY  OOCIYIHCUBAHUIO, BKAIOUASL NPEOUKMUBHYIO AHATIUMUKY, MOHUMOPUHE
COCMOsAHUL U OUACHOCMUKY 6 DealbHOM BPeMEHU, KOMOpble USParom peuaruwyro poib 8
MunumMuzayuu omrkazos. Kpome mozo, paccmampueaemcsi poib UCKYCCMBEHHO20 UHMELIeKmMA U
MAWUHHO20 00YYEHUsL 8 OOHAPYICEHUU HEUCHPABHOCMEN U NPEOUKMUBHOM O0OCIYHCUBAHUU KAK
NEPCNeKmuHO20  HANPAGLeHUs NOBLIUEHUS.  HAOENHCHOCMU  ABUAYUOHHBIX — Osucamerell.
Tonyuennvle OanHble CEUOCMENLCMBYION O MOM, YMO OOILUUHCIMEO HEUCIPABHOCELl
ogueameisi C8A3AHO C MEXAHUYECKOU Oecpadayuell, 4pe3mMepHbIMU MeNni08bIMU HASPYIKAMU U
yenoseyeckuMU owmubKamy npu dKcnayamayuu u obcayxcusanuu. Ilposedenue peeynsiphvix
NPOBEPOK, UCNONb30BAHUE COBPEMEHHbIX CPeOCmE8 OUASHOCMUKU U UHMeSPAYUsl CO8PEeMEeHHbIX
UHIICEHEPHBIX DeuleHUll MO2ym 3HAYUMENbHO NOGbICUMb 0Oe30NACHOCMb U 001208EHHOCHIb
ogueamens. Hccnedosanue noouepkugaem HeoOXOOUMOCMb HOCMOAHHO20 MOHUMOPUHEA,
CBOEBPEMEHHO20 NPUHAMUSL NPODUIAKMUYECKUX Mep U BHEOPEHUs. UHHOBAYUOHHBIX Memo008
MeXHUYeCK020 00CIYHCUBAHUSL OJisl NOBbIUEHUS Oe30NACHOCMU NOoNemos U 3¢hgdekmusHocmu
IKCHIYAMAYUU.

Kniouesvie cnosa: asuayuonmvie oOsucamenu, aHAIU3 HEUCNPABHOCMEN, MEXHUYECKOe
00CIYHCUBAHUE CAMONIEMO8, NPOGEPKA MYPOUH, HEPAPYUAOWULl KOHMPOIb, MENio6ble
HANPSIAHCEHUS, MEXAHUYEeCKULL UBHOC, NPEOUKMUBHOE 00CIYICUBAHUe, OUACHOCMUKA 08ucameiell.
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