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Abstract—The lead acid and lithium ion battery have become staples to power many aspects of our lives.
The lead acid battery remains a dependable resource to provide steady, reliable power for both vehicles and
the grid, alike. Unfortunately, their deployment in electric vehicles (EV) have been limited as a result of
long charging periods and particularly, a limited state of health (SoH) sensitive to high discharge currents
and deep depth of discharge. The lithium ion battery has emerged as a proven alternative for applications
synonymous with high charge and discharge currents. Accurate modeling and simulation of batteries remain
a challenge and can present the designer with a number of options from a traditional 1st order Randles
equivalent circuit model, up to a physics-based model based on finite element analysis. In this tutorial,
multiphysics models for the lead acid and lithium ion batteries will be derived and the fundamentals will
be discussed and compared to common electrochemical equivalent circuits. Their operational performance
and some applications will be discussed. An extension will then be made to enhance the physics-based
models to account for the degradation processes which impact SoH. A discussion over battery SoH
mechanisms and the usage of impedance spectroscopy to obtain the equivalent circuit in industial systems
will be connected to the multiphysics domain showing how information from these processes can be
reflected within the physics-based model.

