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Fig.12 Diagram of thermal barrier coatings
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Fig.13 Variation of displacements and temperature with time of thermal barrier coatings structure with delamination
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Fig.15 Variation of displacements and temperature with time of thermal barrier coatings structure with debonding at the interface
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Study on Thermomechanical Extended-layewise/Solid-elements Method for
Thermomechanical Problems of Thermal Barrier Coatings Structure with Damage

Li Dinghe, Ma Shuo
Civil Aviation University of China, Tianjin 300300, China

Abstract: Based on the thermomechanical extended-layerwise/solid-element method (TM-XLWM/SE), the mechanical
behavior of thermal barrier coatings structure is studied during heat transfer. Firstly, the governing equations of the
thermal barrier coating and the metal substrate are established by using the thermomechanical extended-layerwise
method and the solid-element method, and then the governing equations of the thermal barrier coating and the metal
substrate are coupled into the final governing equations according to the conditions of displacement, temperature
coordination and internal force balance in the connecting region. According to the final governing equation, the
corresponding C++ code is developed. By comparison with the three-dimensional elastic model developed by Comsol,
the correctness of TM-XLWM/SE to analyze thermal barrier coating structure is verified. Finally, thermal barrier
coatings structures with delamination and interface debonding are studied, and the corresponding influence law is
obtained. The structure studied is more similar to the real engine turbine blade, which has certain practical application
value.

Key Words: thermal barrier coatings structure; dynamic thermomechanical analysis; delamination damage;
interface debonding; XLWM
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