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Fig.2 Pathway of next-generation intelligent battery internal information sensing technology
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Ultrasonic diagnostics
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Fig.5 Schematic of ultrasonic identification of internal degradation damage in lithium-ion

batteries and the corresponding propagation mechanisms
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Research Progress and Perspectives on Intelligent Sensing Technologies and
Ultrasonic Monitoring for Electric Aircraft Batteries

WANG Xuyang', WANG Zijian', HU Lingling', SU Zhonggqing’, XIANG Yong’, LI Yehai'
(1. Sun Yat-sen University, Shenzhen 518107, China;
2. The Hong Kong Polytechnic University, Hong Kong 999077, China;
3. Tsing Bosch (Zhuhai) Technology Co., Ltd., Zhuhai 519085, China)

[ABSTRACT] Power batteries for electric aircraft operate under complex service conditions, including high-rate
discharge cycles, fast charging, temperature and pressure fluctuations, as well as vibration and impact loads. Their
performance degradation and safety failure processes involve coupled electrochemical, thermal, and mechanical behaviors,
imposing more stringent requirements on state monitoring and safety warning than those encountered in ground
transportation applications. Conventional battery management systems (BMSs) primarily rely on external parameters such
as voltage, current, and temperature for state estimation, making it difficult to directly perceive internal structural evolution
and early-stage failure processes. To enhance battery health management and safety warning capabilities, smart battery
technologies have attracted increasing research interest. This paper first analyzes the extreme operating environments,
degradation and damage mechanisms, and state and safety monitoring requirements of electric aircraft power batteries. The
development of key smart battery technologies, including thin-film sensors and fiber-optic sensing, is then reviewed.
Particular emphasis is placed on recent advances in ultrasonic techniques for state-of-charge and state-of-health evaluation,
degradation and mechanical damage identification, and early warning of thermal runaway. Finally, future development
trends and key challenges for intelligent monitoring and health management systems of aviation power batteries are
outlined.

Keywords: Electric aircraft; Lithium-ion battery; Smart battery; Ultrasonic monitoring; State estimation;

Thermal runaway warning
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