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Abstract
Thermal protection system as a key subsystem of hypersonic aircraft is to force the thermal structure coupling direction of integration. As a typical integrated thermal protection system, corrugated sandwich structure of the web facing heat short circuit and thermal mismatch effects are obvious problems. Our main goal is to solve the thermal short circuit problem in the integrated thermal protection connection structure by designing the cold and hot connection structure with gradient transitional features. First, the finite element analysis model of thermal response was established. The thermo-mechanical response finite element analysis model was established and the temperature distribution of the web model with linear gradient material was analyzed. Compared with the single ceramic web, the temperature on the back of the ceramic-polyimide gradient web was decreased by 66.5K (Fig.1). The thermal stress distribution of the gradient web was significantly more uniform, and the stress value of the ceramic-polyimide gradient web was decreased by 58.3%. The linear gradient material web plays a role in reducing thermal short-circuit problems compared to typical ceramic webs and can significantly decreases the thermal short-circuit effect of the classical integrated thermal protection system. 
Then, we used laser pyrolysis method to prepare the gradient material. Through the laser heating, it can be formed thermal gradient in material, and the material in different regions formed different degrees of pyrolysis material. The pyrolysis surface temperature reaches about 800℃, the back of the temperature is about 320℃. Then we prepared the gradient Polysilane/polyimide material (Fig.2). After analysis, the average density of the gradient material is 0.8052g/cm3. When the temperature is 32℃, the average thermal conductivity of the gradient material is 0.1775W·m·K-1.
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Fig.1. Comparison of the model back temperature curves between ceramic-polyimide gradient web and ceramic web
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Fig.2. gradient sample electro-micrograph at different positions
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