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Abstract: To address the challenges of complex modeling and low efficiency in load analysis of coated turbine
blades with cross-scale multilayer coating-substrate systems, an efficient load analysis method based on a shell
conduction model and a simplified mechanical model was proposed. The equivalent thermal resistance was in-
troduced into the temperature analysis, and the consistency relation of the interfacial total strain tensors was
established in the mechanical modeling, to effectively avoid mesh proliferation, distortion, and computational
divergence induced by cross-scale interfaces. The results indicate that, compared with the conventional explicit
modeling method, the proposed approach improves the minimum Jacobian ratio by approximately 51.9% , re-
duces the number of elements by about 80.8% , and enhances computational efficiency by more than an order of
magnitude, while keeping temperature and mechanical load prediction errors below 5% . Furthermore, the anal-

ysis of coated turbine blades shows that, temperature hotspots are concentrated at the blade tip, while mechan-
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ical load hotspots are mainly distributed at the leading edge of the blade root. The load distribution in the coat-
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ing exhibits a trend highly consistent with that of the substrate, reflecting a strongly coupled response behavior.
simplified mechanical model
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Fig. 1 The principle diagram of the simplified heat transfer method for the substrate-coating system based on the SCM
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Fig. 3 The geometric structure diagram of the coated disc specimen(unit; mm)
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Table 2 Comparison of minimum Jacobian ratios between the explicit modeling and the SCM under a similar mesh number

category explicit modeling method SCM
total number of meshes 259 875 255 971
minimum Jacobian ratio 0.27 0.41

%3 AHIEE/D Jacobi HLFRTN Uk 2 AR BAE Ty TR RIS T AR 5 2 9 S RS B0 TG AB I X L
Table 3 Comparison of total mesh numbers and computation time between the explicit modeling and

the SCM under the same minimum Jacobian ratio

category explicit modeling method SCM

total number of meshes 259 875 49 986
minimum Jacobian ratio 0.27 0.27
computation time/h 3.5 0.3
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Table 4 Material parameters used in the finite element model 3]

parameter Sub BC TGO TC
T/K 293~1 373 293~1 373 293~1 373 293~1 373
p/(kg-m™) 8 780 7 380 3980 3610
/() kgt -K™") 358~704 450 755 505
A/(W-m™-K™) 6.70~28.95 5.80~17.00 10.00~4.40 2.40~2.10
a/(107%-K") 10.5~15.8 13.6~18.1 - 9.0~10.4
E /GPa 131.5~67.5 200.0~110.0 - 48.0~22.0
v 0.36 0.32 - 0.11
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