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ABSTRACT: The work aims to investigate correlation of the thermal barrier coating life prediction model with various stress-
strain information. The method used in this paper is as follows. Firstly, referring to experimental results of circular tube with
thermal barrier coating, coating interface was simplified to a cosine curve and a corresponding two-dimensional axisymmetric
finite element model was established. Then, considering the fatigue experimental results of the thermal barrier coating, the life

prediction model of the thermal barrier coating was established by combining linear fatigue accumulation theory and
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Manson-Coffin equation. And transform fitting problem into an optimization problem, using GA to determine coefficients in the
lifetime prediction model. Finally, the location of the risk point is one quarter of the wave peak from the top coat that
determined based on microscopic photos of the thermal barrier coating experiment, and life prediction is performed by selecting
11 types stress-strain information that of normal, shear, equivalent and perpendicular to cosine surface morphology by biaxial
stress-strain state analysis methods. The maximum error and average error of life prediction are analyzed, and the analysis
results are verified. The results show that the maximum and average errors of coating life prediction using the equivalent
variation range are minimum, 50% and 21%, respectively. It is also indicated that the coating life has greatest correlation with
equivalent stress. The life prediction results of strain range under the maximum principal strain is also accuracy, the maximum
error and average error are 52% and 25%, respectively. Compared with the results in the literature, the maximum error of life
prediction based on equivalent strain is reduced by 169.1%, and overall life prediction value decreased from within 2 scattering
zone to within £1.5 scattering zone. The equivalent strain range is used to predict the coating life under different working
conditions. The prediction result is 130 cycles and the experimental result is 160 cycles. The above results prove the correctness
and superiority of the method used in this paper, and also provide an effective method for predicting the coating life.

KEY WORDS: thermal barrier coatings; Manson-Coftin low-cycle fatigue model; linear fatigue accumulation theory; genetic

algorithm; life prediction; analysis of biaxial stress-strain state
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Tab.2 Temperature dependent material parameters for different layers2>23

Parameters SUB BC TGO TC
Temperature/K 200-1 000 20-1 100 20-1 100 20-1 100
Thermal expansion coefficient/(10~° K™") 1.03-1.35 1.36-1.76 0.80-0.96 0.90-1.22
Young modulus/GPa 207-123 200-110 400-320 48-22
Poisson ratio 0.28-0.36 0.30-0.33 0.23-0.25 0.10-0.12
Shear modulus/(10'' Pa) 0.81-0.45 0.77-0.41 1.66-1.28 0.21-0.01
Heat transfer coefficient/(W-m -K ™) 13.9-25.9 5.8-17 10-4.1 2-1.7
Density/(kg'm™) 8 680 7 380 3984 3610
Specific heat/(J'kg™'-K™) 493-594 450 755 505
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