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Computational Simulation on Power Prediction of Lithium Secondary
Batteries by using Pulse-based Measurement Methods
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Energy storage systems (ESSs) have been utilized widely in the world to optimize the power operation system and to improve the
power quality. As lithium secondary batteries are the main power supplier for ESSs, it is very important to predict its cycle and power
degradation behavior. In particular, the power, one of the hardest electrochemical properties to measure, needs lots of resources such
as time and facilities. Due to these difficulties, computer modelling of lithium secondary batteries is applied to predict the DC-IR and
power value during charging and discharging as a function of state of charge (SOC) by using pulse-based measurement methods.
Moreover, based on the hybrid pulse power characteristics (HPPC) and J-Pulse (JEVS D 713, Japan Electric Vehicle Association
Standards) methods, their electrochemical properties are also compared and discussed.
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Fig. 1. Schematic diagram of lithium secondary battery and
dimensions for computer modelling.
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Table 1. Physical properties of lithium secondary battery for

computer modelling

Parameters Unit Value
Thickness of anode um 54
Thickness of separator pum 15
Thickness of cathode um 57
Reaction rate constant of anode mst | 2x10™
Reaction rate constant of cathode mst | 2x10™
Electrical conductivity of anode Sm? 100
Electrical conductivity of cathode Sm? 100
Graphite particle radius um 3.18
LiNig3C0g3Mng 30, particle radius um 4,75
Solid phase diffusion coefficient in anode m?s? 1.45x10°
Solid phase diffusion coefficient in cathode m?s? | 5x107°
Volume fraction of solid phase in anode 0.72
Volume fraction of liquid phase in anode 0.25
Volume fraction of solid phase in cathode 0.55
Volume fraction of liquid phase in cathode 0.39
Volume fraction of liquid phase in separator 0.35
Li ion transference number 0.363
Initial solid phase lithium concentration inanode  mol m®| 2,230
Initial solid phase lithium concentration in cathode mol m*| 45,780
Maximum solid phase lithium concentration in mol m® 27,870
anode
Maximum solid phase lithium concentration in mol m® 49,761
cathode
Initial liquid phase lithium concentration molm3| 1,500
Initial potential of liquid phase V 0.264
Initial potential of solid phase V 3.43
Temperature K 298.15
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