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Estimation of Durability of Nickel-Metal Hydride Batteries for Hybrid Electric Vehicles
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ABSTRACT

A method of estimating the durability of the nickel-
metal hydride batteries employed in hybrid electric
vehicles based on factors contributing to their
deterioration was studied. The factors in battery
deterioration are battery temperature, current load and
state of charge. Based on the expectation that the
formulation of a reaction rate equation employing
chemical kinetics would enable the durability of the
battery to be estimated, the Eyring equation, which
enables consideration of temperature and another stress
factor was focused on. The number of stress factors in
the equation was increased to study the applicability of
current load and state of charge.

It was shown that the values of frequency factors of
the various factors in battery deterioration in the equation
were the same as those obtained in durability tests. These
results confirmed that the modified equation enabled
multiple factors to be employed in estimations of battery
life. Quantification of each factor in deterioration through
the use of this reaction rate equation has enabled the
estimation of battery life.
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Table 1 Test conditions and test times
Test classification for constant calculation Test conditions
Hour rate of Test time
No. Battery c SOC Battery charge and SOC
urrent ; (hr)
temperature (a) band temperature discharge band
(—AE/K) (B) (°C) current (SOC%)
©)
1 O 35 2 20 2800
2 O O 45 2 20 1800
3 O O 55 2 20 1100
4 O 55 3 20 700
5 O 55 5 20 400
6 O 45 2 40 1500
7 O 45 2 60 1200
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Fig. 3 Relation between inverse of battery
temperature and logarithm of reaction
rate
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Table 2 Test conditions and frequency factors

Test conditions
Hour rate of Frequency
No. Battery charge and SOC factor
temperature | discharge band (R%fhr)
(°C) current (SOC%)
(C)
1 35 2 20 240
2 45 2 20 230
3 55 2 20 240
4 55 3 20 240
5 55 5 20 240
6 45 2 40 220
7 45 2 60 230
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