COMSOL Modelling for Li-ion Battery Diagnostics

P. Singhi, Dr. N. Khare?, Dr. P. K. Chaturvedi3

1. Banasthali University, Department of Electronics, Banasthali, Rajasthan, India,
2. EOS Energy Storage, Edison, NJ, USA;
3. SRM University, Ghaziabad, Uttar Pradesh, India

Introduction: In today’s world, Li-ion batteries are widely used power sources
for various applications including the automotive Industry. The performance
and cycle life of Li-ion battery are gradually becoming important issues
especially for dynamic power applications (EVs, HEVsS). To create a better
control over the performance and cycle life of a Li-ion battery, accurate battery
diagnostics Is required. We are investigating a non-invasive method for Li-ion
battery diagnosis based upon magnetic field probing to diagnose its ageing
parameters [1]. The scope of this research work iIs to develop a Li-ion battery
model with applied magnetic field to induce battery health deteriorating
parameters like deprived Intercalation of insertion particle (Li*), internal
Impedance rise, internal temperature rise, electrolyte decomposition and

electrodes’ cracking [2] for battery ageing and predict its future age.
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Figure 1. P2D Modelling of Li-ion battery with Magnetic Field

Computational Methods: We have designed and simulated a simple 2-D
geometry model based on pseudo two dimensional (P2D) modelling which is
coupled with magnetic field (mf) physics. Following equations and parameters
are used for solving the model. A detailed analysis has been performed to
evaluate the response of applied magnetic field on the domains of Li-ion

battery [3, 4].
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Results: The simulation results provide behaviour of battery under the applied
magnetic field. Under battery diagnosis, we get the magnetic field response In
each domain and determine the behaviour pattern of each domain. The figures
2 (a, b) show that the electric potential (phis) in domain 3 Increases with
magnetic flux density (B) during discharging and vice-versa. The figure 3
shows the magnetic field response with Insertion particle concentration
(lion.cs_average). Magnetic field Iintensity (H) increases with the insertion
particles concentration. During diagnosis process, we will investigate the

Impact of magnetic field on following ageing parameters like:

 The MFR (Magnetic Field Response) vs. loss of capacity due to the ageing
 MFR with respect to charging/discharging behaviour of the Li-ion battery

 MFR with respect to change in internal impedance of the Li-ion battery
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Figure 2. Electric potential of Li-ion battery Vs. Magnetic field response
(a) During Discharging (b) During Charging
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Figure 3. Insertion Li-ion particle concentration Vs. Magnetic field response

Conclusion: Promising results during simulation indicate that COMSOL
Multiphysics® has potential to support this study and help in modelling MFP
iInterfaced with Li-ion battery to diagnose the battery as well as predict ageing
phenomena inside the battery. This model will also help to design a prototype
for real time diagnostics for Li-ion Battery.
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