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Abstract : When an EV is parked for a long period time, the battery capacity naturally decreases due to selfdischarge.
Therefore, this effect must be considered for the accurate measurement of the state of charge of EV battery. Battery
selfdischarge simulations using the design of experiments among computer simulation methods are compared with
expertmental data for NiYMH batteries for electric vehicles. The motivation is to predict the selfdischarge rate of
the battery for electric vehicle at all temperature conditions and standing time when electric vehicle could be operated.
We developed a general equation representing the selfdischarge rate of the electric vehicle battery using design of
experiments, and the equation is determined by temperature and standing time of the battery. We selected Ni/MH
battery, 12 V-95 Ah, for pure electric vehicle for this study. To develop the equation using design of experiments
we selected temperature range of -20°C~30°C and standing time of 1 day~15 days. We conducted several selfdis-
charge tests of Ni/MH battery to verify the integrity of the equation. The results showed that the computation values
were in good agreement with experimental data.
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Table 2. ANOVA Table

Table 1. Central composite designs
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Table 3. Experimental factors and experimental ranges

Experimental factors Initial test data ~ Experimental ranges
Standing Temperature(°C) 5°C +25°C
Standing Time(Day) 8days +7days

Table 4. Central composite design and the experimental results of
battery

No. of Exp. X) X2 Measurements
1 5 15 5.00
2 -20 8 1.90
3 5 1 1.00
4 30 1 4.00
5 -20 15 2.00
6 30 8 8.10
7 30 15 9.70
8 5 8 446
9 -20 1 0.60

Table 5. ANOVA table for regression model

Factor S (1) \' Fo F(0.05)
SSR 79.082 2 39.541  707.055 4.46
SSE 0.336 6 0.0559
SST 79.417 8

8.82389
745122
§.08056
2.72389 (et

9.357222

Selfdischarge Rate

15.00

8.00
B: Time . 750

100 -20.00 A: Temperature

Fig. 1. Simulated selfdischarge rate surface of Ni/MH battery using
design of experiments.
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- Type : Sealed NiYMH Battery

- Nominal Voltage : 12V

- Rated Capacity(1/C3) : 95 Ah

- Dimension(L X W X H) : 388 X116 X175 mm

- Weight : 18.7kg

- Specific Energy : 65 Wh/kg

- Specific Power(at 80%DOD) : 200 W/kg

- Cycle Life : 1,000 cycle
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Fig. 2. Selfdischarge characteristics of Ni/MH battery.
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Fig. 3. Simulated curves and experimental selfdischarge rate data
for Ni/MH battery.
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