Guided wave-based damage imaging of quartz ceramic thermal protection
structures ablation

Hui Zheng, Fan Shao, Qidi Shan, Lei Qiu®, Shenfang Yuan'

" Research Center of Structural Health Monitoring and Prognosis
State Key Laboratory of Mechanics and Control for Aerospace Structures
Nanjing University of Aeronautics and Astronautics
Nanjing210016, P. R. China
Email: lei.qiu@ nuaa.edu.cn
Email: ysf@ nuaa.edu.cn

Key Words: Guided wave; Quartz ceramic; Thermal protection structures; Damage
imaging; Hypersonic vehicle.

ABSTRACT

As a key protective component of a hypersonic vehicle in harsh service environment, the thermal
protection structure (TPS) is prone to ablation damage in the extreme thermal environment during the
reentry process of the vehicle, seriously affecting its safe service, and structural health monitoring
(SHM) is urgently needed. In this paper, the delay-and-accumulation damage imaging method based
on guided wave (GW) is used to study the damage imaging of the ablation damage of the quartz ceramic
TPS structure. First, the ablation damage of the quartz ceramic TPS structure was produced by oxygen-
acetylene high-temperature and high-speed gas flow ablation, and then a GW monitoring experiment
method for the ablation of the quartz ceramic TPS was designed, and the results of the quartz ceramic
TPS under different states and different damage degrees were obtained. Finally, by extracting the GW
signal features in different states and different damage degrees, the delay-and-accumulation imaging
method is used to image and locate the ablation damage of quartz ceramics. The results show that the
delay-and-accumulation imaging algorithm based on GW can accurately image and locate ablation
damage with different degrees of ablation, and the positioning error does not exceed 3cm, which
verifies the feasibility of this method for TPS ablation damage monitoring. The research on TPS guided
wave monitoring theory and method of hypersonic vehicle provides a reference and basis.
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