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Abstract — In this work, Mathematical modeling was carried-out to predict the charging/discharging characteristics of
VRLA (Valve regulated lead acid) battery, which is mainly used as a 12 V lead acid battery for automobile. And It also
carried-out how it’s characteristics would be changed due to aging. A mathematical modeling technique, which has been
mainly used to predict behavior of Lithium-ion batteries, is applied to commercial 70 Ah VRLA battery. The modeling
result of Voltage was compared with result of constant current charge / discharge test. From this, it can be seen that the
NTGK model can be applied to the lead acid battery with high accuracy. It was also found that the aging of lead-acid
battery can be predicted by using it.
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Fig. 1. Current flow and boundary for each electrode.
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Fig. 2. Comparison between experimental and modeling discharge

curves at discharge rates of 0.05 C, 0.10 C, 0.20 C, 0.50 C,
1.00 C.

S
(]
()]
8
©
>

——0.05 C-rate

——0.10 C-rate

0.20 C-rate

» ° Exp. ——0.50C-rate

7 Model. 1.00 C-rate

0 ' 20(|)00 ' 40600 ' 60(I)00 ' 80000
Times (s)

Fig. 3. Comparison between experimental and modeling charge curves
at charge rates of 0.05 C, 0.10 C, 0.20 C, 0.50 C, 1.00 C.
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Fig. 4. Comparison between experimental and modeling discharged
capacity at discharge rate of 0.05 C for 17.5% DoD test.
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Fig. 5. Relative error discharged capacity at discharge rate of 0.05
C for 17.5% DoD test.
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Table 1. Parameters for 17.5% DoD test

Parameter Value
A 2.069 x 10-5
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Z : Positive electrode linear current density [A cm™]

i, : Negative electrode linear current density [A cm™]

J : Current per unit area [A cm™]

I, : Positive electrode tab boundary 1

I, : Positive electrode tab boundary 2

I',; : Negative electrode tab boundary 1

I', : Negative electrode tab boundary 2

Q, : Domains of the positive electrode

Q, : Domains of the positive electrode

r,  : Resistance of positive electrode [Q]

r, : Resistance of negative electrode [Q]

V,,  : Potentials of positive electrode [V]

V,,  : Potentials of negative electrode [V]
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: Thickness of current collector [cm]

: Thickness of electrode [cm]

: electrical conductivity of current collector [S cm™]
: electrical conductivity of electrode [S em™]

: discharge time(s)

: Experimental capacity at discharge rate of 0.05 C [Ah]
: Modeling capacity at discharge rate of 0.05 C [Ah]
: Experimental voltage [V]

: Modeling voltage [V]

: Aging parameter 1

: Aging parameter 2

: Aging parameter 2

: Aging parameter 3
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