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The stationary and rotating blades of jet engines and turboshaft
turbines, particularly in the hot section, are subjected to extreme
stresses at high temperatures. Consequently, they are constantly
exposed to various forms of damage and failure, including hot
corrosion, oxidation, creep damage, erosion, fatigue, foreign object
damage, and cracking. A key challenge in turbine engine maintenance
is the accurate estimation of the lifespan of critical components,
particularly turbine blades. This study used finite element analysis in
ABAQUS software to conduct a numerical analysis of a first-row
turbine blade from the C20-250 engine, including its thermal barrier
coatings. The stress and strain distribution over the operational period
were determined, highlighting the areas most susceptible to creep
failure. Based on the rupture strain of the turbine blade material, the
creep life of the blade was estimated. The numerical results were
compared with experimental data from three turbine blade samples to
validate the estimated creep life. These findings provide crucial
insights for predictive maintenance strategies, enhancing the
durability and cost-effectiveness of turbine engines.
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Fig. 2. Finite element modeling of turbine blades and coatings.
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Table 1. Geometric dimensions of turbine blades and coatings [15].

Dimensions NAME
23 mm Blade length
18 mm Blade curvature
2mm Substrate thickness
200u Blade coating thickness
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Table 2. Mechanical and thermal characteristics of the blade and coatings [15].
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Table 3. Stress at point A on the blade with different TGO
thicknesses.
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Fig. 8. Maximum stress field in the turbine blade of the 250-C20
engine.
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Fig. 12. Diagram of turbine blade failure time estimation using
the stress-strain curve method.
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Fig. 13. Turbine blade life estimation diagram using the stress-
strain curve method.
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Fig. 15. Diagram of turbine blade failure time estimation using
the Larson Miller curve method [20].
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Fig. 16. Turbine blade life estimation chart using the Larson Miller
curve method.
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Fig. 27. Comparison of experimental and numerical results
regarding the creep life of turbine blades.
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Table 4. Information on turbine blade life based on TGO layer
thickness (Experimental Results).
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Fig. 25. Thickness of TGO layer of disk number 3 (7 ).
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