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Abstract - For the optimal design of the vehicle electric system, it is important to have a reliable modeling
tool to predict the dynamic behavior of the automotive battery. In this work, a one-dimensional modeling was
carried-out to predict the dynamic behaviors of a 12-V automotive lead-acid battery. The model accounted for
electrochemical kinetics and ionic mass transfer in a battery cell. In order to validate the modeling, modeling
results were compared with the experiment data of the dynamic behaviors of the lead-acid batteries of two
different capacities that were mounted on the automobiles manufactured by Hyundai Motor Company. The
discharge behaviors were measured with various discharge rates of C/3, C/5, C/10, C/20 and combination. And
dynamic behaviors of charge and discharge were measured. The voltage curves from the experiment and
simulation were in good agreement. Based on the modeling, the distributions of the electrical potentials of the
solid and solution phases, and the current density within the electrodes could be predicted as a function of
charge and discharge time.
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Fig. 1. Schematic diagram of a lead-acid battery
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A : Active surface area of electrode [cm’/cm’]

a : Coefficient

Ap.x ¢ Maximum specific active surface area
of electrode [cm’/cm’]

¢ : Concentration of the electrolyte [mol/ cm3]

¢,.r - Reference concentration of the electrolyte

ref
[mol/ cm3]

D : Diffusion coefficient of the electrolyte

[cmz/s]

F : Faraday’s constant [96,487 C /mol]

iy : Exchange current density [A /cmz]

j : Transfer current density [A/cm3]

M : Molecular weight of species [g/ mol]

() : Electrode capacity [Coulomb/cm3]

R : Universal gas constant [8.3143J/ mol-K]
and Internal resistance of a battery [{2]

t : Time [sec]

ty : Transference number of H+with respect to

=%

solvent velocity
T : Absolute temperature [K]

AU PbO, Equilibrium potential at ¢, ., for

positive electrode [V]

x : Distance from centre of positive electrode [cm]
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k7 Effective diffusion conductivity [A/em]
SRS

« : Transfer coefficient

: Volume expansion coefficient [cm3/mol]

=

~v : Exponent for the concentration dependence
of the exchange current density
I' : Diffusion coefficient

e : Porosity of electrode

Y

: Exponent for charge dependence of the
specific active surface area
: Electrode overpotential [V]
. Electrolyte conductivity [S/cm]
: Density [kg/m’]
: Conductivity of the solid matrix [S/cm]
: density [kg/m3]
. electric potential of solid phase [V]

S

S 8™ 9D 7 3

. electric potential of liquid phase [V]

ot} A

D : Pertinent to diffusion

L : Liquid phase

max : Maximum or theoretical
0 : Initial value

Ref : Reference state

S : Solid phase

91 43

eff : Effective, corrected for tortuosity

ir

g

1. Guo, Y.; Groiss, R.; Doring, H.; Garche J. Rate-
Determining Step Investigations of Oxidation
Processes at the Positive Plate during Pulse
Charge of ValveRegulated Lead-Acid Batteries.
Journal of The Electrochemical Society, 1995,
146, 3949-3957.

2. Nguyen, T. V.; White, R. E. A Two-Dimensional
Mathematical Model of a Porous Lead Dioxide



12V 2438 d5dA] &

)

e wdy 183

Electrode in a Lead-Acid Cell. Journal of The
Electrochemical Society, 1988, 135, 278-285.

3. Dimpault-Darcy, E.; Groiss, R.; Doring, H.;
Garche J. Rate-Determining Step Investigations of
Oxidation Processes at the Positive Plate during
Pulse Charge of ValveRegulated Lead-Acid
Batteries. Journal of The Electrochemical
Society, 1995, 146, 3949-3957.

4. Huang. H.; Nguyen, T. V. A Two-Dimensional
Transient Thermal Model for Valve-Regulated
Lead-Acid Batteries under Overcharge. Journal
of The Electrochemical Society, 1997, 144,
2062-2068.

5. Bemardi, D. M.; Carpenter, M. L. A
Mathematical Model of  the Oxygen-
Recombination Lead-Acid Cell. Journal of The
Electrochemical Society, 1995, 142, 2631-2642.

6. Newman, J.; Tiedemann, W. Simulation of
Recombinant Lead-Acid Batteries. Journal of The
Electrochemical Society, 1997, 144, 3081-3091.

7. Tenno, A.; Tenno, R.; Suntio, T. Evaluation of
VRLA battery under overcharging: model for
battery testing. Journal of Power Source, 2002,
111, 65—82.

8. Srinivasan, V.; Wang, G. Q.; Wang, C. Y.
Mathematical Modeling of Current-Interrupt and
Pulse Operation of Valve-Regulated Lead Acid
Cells. Journal of The Electrochemical Society,
2001, 150, A316-A325.

9. Esfahanian, V.; Torabi, F.; Mosahebi A. An
innovative computational algorithm for simulation
of lead-acid batteries. Journal of Power Source,
2008, 176, 373-380.

10. Esfahanian, V.; Torabi, F. Numerical simulation
of lead-acid batteries using Keller-Box method.
Journal of Power Source, 2006, 158, 949-952.

Journal of Energy Engineering, Vol. 22, No. 2 (2013)



