How Deep Can Ultrasound Waves Probe? Detectability and Imaging Capabilities of Ultrasonic Testing in Energy Storage Systems
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The development of advanced diagnostic tools is essential for understanding and improving the performance and safety of lithium-based energy storage systems. As these systems become more complex and widely used, especially in high-demand applications such as electric vehicles and grid storage, there is a growing need for methods that can reveal internal structural changes without damaging the cell. Traditional electrochemical approaches offer valuable data but often lack spatial resolution or require invasive procedures. [1]
[bookmark: _GoBack]This study applies ultrasonic through-transmission immersion measurements as a non-destructive approach to investigate defect detectability in lithium-ion battery electrodes and its limitations. Experiments were carried out on electrodes containing different types of defects, including voids, gas formation, thickness variations, and electrode misalignment, which may occur during manufacturing or operating processes. High-frequency ultrasonic signals were analyzed to evaluate changes in amplitude, attenuation, and propagation behavior caused by these internal structural changes. 
The results show that the detectability of defects depends on the experimental parameters, meaning that certain defects may be clearly observed under specific measurement conditions, while they may become weak or even undetectable under others. This demonstrates the sensitivity of ultrasonic response to both defect type and testing conditions, and highlights the importance of optimized experimental settings for reliable inspection. Overall, the study supports the potential of ultrasound for non-destructive electrode evaluation and quality assessment in energy storage systems.
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