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Abstract— A computer simulation program based on the finite element method was develped in order to calculate the po-
tential and current density distribution for the electrodes in a Ni-Fe battery, through which the depth of discharge(DOD) dis-
tribution and variation with time could be predicted. The analysis on the electrodes of different aspect ratios and tab po-
sitions revealed that the aspect ratio and the tab position influence the potential and current density distribution, thus af-
fecting the DOD distribution within the electrode. As a result, it was found that an optimization for the design of an elec-
trode shape is necessary to make the DOD distribution more uniform and to enhance the utility of the active material of an

electrode influencing the cycle life of a battery. |
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Fig. 1. Schematic diagram of the positive and negative electrodes in
the Ni-Fe cell.
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Table 1. Dimension of the electrodes and position of the tabs

w H D L

Type A 6.60 11.50 0.70 1.00

Type B 8.71 871 0.66 1.06

Type C 12.32 6.16 0.56 112

Type D 12.32 6.16 3.92 1.12
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Fig. 2. Shape of the electrodes.
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Fig. 3. Finite element mesh used for the electrodes of type A.
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Fig. 4. Comparison between the experimental and predicted dis-
charge curves of the cell with the electrodes of type A.
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Fig. 5. Potential distribution on the positive electrode of type A af-
ter the discharge of 13 hours with C/20 rate.
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Fig. 6. Potential distribution on the negative electrode of type A af-
ter the discharge of 13 hours with C/20 rate.
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Fig. 7. DOD distribution on the electrodes of type A after the dis-
charge of 13 hours with C/20 rate.
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Fig. 8. DOD distribution on the electrodes of type A after the dis-
charge of 2 hours with C/5 rate.
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Fig. 13. DOD distribution on the electrodes of type C after the
discharge of 2 hours with C/5 rate.
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Fig. 14. Uniformity index of DOD during discharge of the cell with
the electrodes of type C.
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Fig. 15. DOD distribution on the electrodes of type D after the dis-
charge of 2 hours with C/5 rate.
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H : height of the electrode [cm]
h, : thickness of the active material [cm]
h, : thickness of the grid material [cm]
I, : total current set at the constant-current mode [A]
; : current vector per unit width in the negative electrode [A/cm]
; : current vector per unit width in the positive electrode [A/cm]
J : current density between the electrodes [A/cm’]
L : width of the tab [cm]
Q,  : theoretical discharge capacity per unit area [C/cm’]
r, : resistance of the negative electrode [Q]
I, : resistance of the positive electrode [€2]
S. : conductivity of the active material [S/cm]
S, : conductivity of the grid material [S/cm]
t : discharge time [hr]
U - intercept of the voltage-current curve [V]
v, : potential of the negative electrode [V]
V,  :potential of the positive electrode [V]
W :width of the electrode [cm]
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Ya :inverse of the siope of the voltage-current curve [S/cm’]

J2|0|A 22Xt

Q,  :computational domain of the negative electrode

Q,  :computational domain of the positive electrode

T, : boundary with no current flux of the negative electrode

T, : boundary at the tab of the negative electrode

I, :boundary with no current flux of the positive electrode

I,.  :boundary at the tab of the positive electrode
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