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Abstract

Lithium-ion secondary batteries (LIBs) are the most promising power source for electric vehicles
(EVs), and electrolyte-solution-based batteries are the mainstream, but the development of all-solid-
electrolyte-based batteries is also progressing. In the life evaluation and battery management system
(BMS), the overvoltage component of the battery is analyzed in order to know the remaining battery
capacity and the degree of capacity deterioration. We proposed a piggyback stacked dual transmission
line circuit as a model for analyzing the overvoltage transient response for electrolyte-solution-based
LIBs and all-solid-electrolyte-based LIBs when current is interrupted, and succeeded in deriving the
basic equations and the analytical solutions for these basic equations. We applied this to the transient
response analysis of an electrolyte-solution-based commercially available LIBs, and the excellent
fittings within 1 mV accuracy were obtained by using only two time-constant systems, one for the
positive electrode and the other for the negative electrode. Only three parameters govern the transient
response for each composite electrode. Based on these results, we succeeded in deriving an analytical

solution to expresses the overvoltage transient response at the start of charging/discharging.

Keywords: Lithium-ion secondary batteries (LIB), Piggyback stacked dual transmission line circuit,

Current Interrupt Method, Overvoltage relaxation.
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Fig.1 Piggyback-stacked dual transmission
line circuit as a model for analyzing the
overvoltage transient response of the
composite electrode for Lithium-ion
secondary batteries (LIBs)
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Fig.2 A model to obtain the basic equation for
piggyback-stacked dual transmission
line circuit.
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Fig.4 Transient response of high-power type
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Table 2 Obtained parameters from the fitting of
the transient response of high-power
type electrolyte-solution-based LIB after
the current interruption.

Pra/s | Ta/Ta| no/V |FDTMLSO)| Ru// Q |Rul/ Q| Canl / F| 14/ cm

1.871E+02| 1.321E+01| 5.422E-02| 4.405E+00| 1.231E-02|1.504E-011.520E+04|1.368E-02|

9.119E+011.234E+00| 1.157E-02| 4.112E-01| 2.814E-02]6.572E-03[3.240E+03]9.550E-03
Current / A| 3 Epegga’| R/ V. |Roontaet / Q| Ds / om’s™ [ 1o/ V.
1.000E+00] 1.239E-05| 5.301E-02| 5.301E-02| 1.000E-06|6.580E-02
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