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A specific case: abnormal heat release during charge 

 Commercial 18650-type battery 

 Abnormal and unreliable heat release noticed on aged batteries (~85 % SoH) 

  Degradation of performance 

  Safety issues 

Detect early signs of abnormal thermal behavior ?? 

Thermal Flux sensor 
Acoustic Emission 

UltraSound Characterization 

 Normal thermal behavior (max .150 mW realeased) 

 Abnormal thermal behavior (max. 650 mW realeased) 

 Detection and quantification of the unexpected heat release 

Unexpected heat release !! 

Normal thermal behavior 

Charge CC  (C/2) 

Charge CV (4.2 V) 
Rest OCV 

 Usual AE events (2.1 fJ / AE event) 

 Abnormal AE events (44  fJ / AE event) 

 high energy acoustic events early detected during heat release 

 Specific signal noticed during abnormal thermal behavior 

 Significant change in the material’s sound wave transportation properties 

Three different monitoring techniques  

Rhodes, K.J. “Acoustic emission and X-ray diffraction techniques for the in-situ study of 
electrochemical energy storage materials” PhD diss. Univ. of Tennesse, 2011.  

http://trace.tennessee.edu/utk_graddiss/1119 

Thermal analysis 

Thermal flux sensors principle, thermal flux sensor (Captec http://www.captecenterprise.com/) 
wrapped around a 18650-type battery. 

Example of cell voltage and heat flow measured on a 18650 battery during charge  (CC at C/2 and CV) and discharge (C/2). 

 Direct measurement of the heat 
flow exchanged with surrounding  

  Thermal monitoring and management  

 

 Easy way to measure the Cp of the 
battery 

  Characterization 

  Thermal modelling 

Acoustic emission non-destructive test (NDT) method used to detect elastic 
transient acoustic waves produced by materials 

Relaxation of mechanical stresses in materials and at interfaces (e.g. due to volume change associated with lithium intercalation, cracks 
in the passivation layer of the electrodes, gas evolution during electrolyte degradation, etc…) emit transient elastic waves. They propa-
gate throughout the battery materials to the surface and are recorded by sensors.  

Emission of transient acoustic waves Piezoelectric sensors 

Example of an array of 6 PVDF screen-printed piezoelectric sensors on a 18650 
battery type (CEA-Liten) 

Possible origins of transient acoustic waves ? 

Dilatation of materials during lithiation—delithiation High mechanical constrains during thermal runaway  

Ultrasound characterization 
non-destructive test (NDT) method used to 
study the propagation of acoustic waves 
throughout the battery’s materials 

Acoustic waves of a defined wavelength are injected from a transducer within a material to detect absorptive or reflective defects such as fa-
tigue cracks. According to their interaction with the materials, some wavelengths may be absorbed or reflected and/or transmitted. From this 
analysis, one can determine the existence of discontinuities within the sensed materials that prefigures the existence of cracks, defaults, 
bubbles etc… 

Acoustic waves recorded on fully 

charge battery SoC 100 %, and 

fully discharge battery SoC 0 % 

during cycling at C/2  

Power spectrum density (PSD) of 

the acoustic waves recorded on 

fully charge battery SoC 100 %, 

and fully discharge battery SoC 

Example of result obtained using UsC technique. left evolution of the cell voltage versus time during two successive cycles charge-discharge at C/2.6 

and 25 °C. Colored dots superimposed on cell voltage correspond to each UsC measurement. Coloration is related to the variation of the physical 

properties of the acoustic signal detected. Right: representation of the cell voltage vs. capacity for the same data. 

 Three different in-operando and non intrusive techniques for battery monitoring and prevention of safety issues 

Abnormal  AE events 

Usual AE events (low energy) 

Abnormal thermal behavior Normal thermal behavior 
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