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Fig.1 Schematic and physical photos of the internal safety monitoring experimental device for soft pack lithium—ion batteries
based on FBG sensors
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Table 1 FBG sensors related parameters and sensing performance

Serial number Wavelength /nm Temperature performance Stress properties
FBG1 1544.23 9.2 pm/°C 1.3 pm/pe
FBG2 1548.29 9.4 pm/°C 1.4 pm/pe
FBG3 1552.68 9.3 pm/C 1.2 pm/pe
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Fig.2 Performance characterization of FBG2
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In—situ Monitoring of the Internal Status of Lithium Batteries Based on
Fiber Bragg Grating Sensors

SHI Wenhui', WANG Hao', CAO Hui', LIU Yixin', LI Jianyu', ZHENG Jiajin"*, WEI Wei'”
(1 College of Electronic and Optical Engineering & College of Flexible Electronics , Nanjing University of Posts and
Telecommunications, Nanjing 210023, China)

(2 Jiangsu Special Optical Fiber Materials and Devices Preparation and Application Engineering Research Centre,
Nanjing 210023, China)

Abstract: As one of the most important energy storage technologies today, the safety and reliability of
lithium batteries have always been of great concern. The thermal stability and pressure stability of lithium
batteries are important parameters that affect their safe and reliable operation. The internal electrochemical
reactions will cause changes in temperature and stress during operation. Abuse of lithium batteries can
cause rapid increases in temperature and stress of electrodes, leading to degradation of battery performance
and even safety accidents such as combustion or explosion. Therefore, real-time monitoring of internal
temperature and stress changes in lithium batteries is crucial for the long—term safe and stable operation of
lithium batteries. However, current monitoring methods used for temperature and stress inside lithium
batteries just focus on single parameters or external measurements, which have problems such as poor
resolution and limited accuracy, making it difficult to monitor the changes inside the battery. In order to
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improve the healthy level of lithium—ion batteries monitoring, this paper proposes to use fiber Bragg grating
sensing technology to monitor the changes. The gratings are implanted to collect real-time temperature and
stress changes of the battery anode, realizing an optical channel for in—situ monitoring of the lithium—-ion
battery anode. Furthermore, combined with the battery test system, the connection between electrical and
optical sensing signals is established. In the system, the temperature sensitivity of the FBG sensors is
9.3 pm/°C, and the stress sensitivity is 1.2 pm/pe. The FBG sensors are mounted in different ways to
achieve accurate measurement of dual parameters. Both ends of FBG1 are fixed for strain measurement.
FBG2 fixes single end to monitor temperature and functions as temperature compensation for FBG1 at the
same time. FBG3 is outside the battery, which is used to measure the external temperature of working
environment. The experimental results show that the FBG sensors can remain good sensing performance at
400 °C . The implantation has no effect on pouch cell performance, nor does it affect the sensing
performance of FBG sensors. During the working cycles of lithium batteries, the detachment and
embedding of lithium ions can cause temperature changes, resulting in a sensor wavelength shift of
100 pm, which means temperature increases by 11.1 “C. The coefficient of thermal expansion of anode is
25.5 pe/°C. After temperature compensation, the stress change of anode can be observed, indicating that
the change in stress is influenced by current. In other words, the hop of current can cause the anode to
contract and the resulting stress will result in a wavelength drift of 21.96 pm at most, which is
approximately 18.3 pe. According to our research, different charge and discharge rates have different
effects. The faster the rate, the greater the variations in temperature and stress. The temperature change is
2.8 times and the stress i1s 4.4 times higher at 10 mA than at 2.5 mA. If the rate of charge or discharge
further increases to 50 mA, the operating temperature will exceed 45 ‘C. After 300 cycles at 45 °C, the
volume expansion rate of battery is about 10% , and the battery is likely to malfunction. The implantable
grating monitoring system in this paper can not only measure the temperature and stress changes caused by
electrochemical reaction with high precision, but also has fast demodulation speed, which is conducive to
real-time and accurate monitoring of the thermal runaway and deformation bulge failure of lithium batteries.
The research results are conducive to quantifying and evaluating the possible thermal runaway and volume
expansion problems in the electrochemical process, which is expected to provide an effective experimental
reference for the safe use of lithium batteries.
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