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Construction of a safe and secure lithium-ion battery management system

for a long time stable operation under variable environmental condition
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(Nagoya University)

Abstract :

The application targets for the lithium-ion battery is enlarging day by day and becoming their
necessities of life. Generally, the lithium-ion battery requires the operation under suitable
temperature and state of charge range to achieve the long-term operation keeping stable
performance. However, the environmental temperature maintenance is difficult in an emergency
such as disasters. In addition, their life duration and safety are strongly related to the operating
temperature, and an inappropriate operating temperature causes a fatal disaster due to the
shortening of the life, reduction of power or capacity, and thermal runaway. Moreover, the
operation condition variation also causes a difference in life duration. Therefore, the system is
required which manages the lithium-ion battery operation under the suitable temperature and state
of charge. This study proposes a lithium-ion battery management system by solving two problems,
especially for a low-temperature condition. The first problem is the construction of the feasible
battery management system using the battery state of charge estimation system considering
temperature dependence. Here, the mathematical model is constructed for battery with temperature
variations. A state of charge estimation method is also established using the model. The
optimization method using future state estimation is also proposed to keep the suitable charging

range. The second problem is a feasibility study for the construction of the effective temperature



variation mitigates system under the environmental temperature variations. The application of the
phase change material is discussed to establish a thermally stable system around the desired
temperature. The evaluation and validation of the problems are performed both in numerically and
experimentally. The feasibility of the proposed system is shown with the combination of the

solutions of the defined problems.
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