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Abstract As the driving range and performance of electric vehicles have improved through the efforts
of global automobile companies, consumer interest and expectations for electric vehicles have
increased, leading to growing demand. This trend suggests that numerous reusable or recyclable batteries
will be generated from electric vehicles in the future. To determine whether these batteries can be
reused or should be recycled, a test for the remaining capacity can be performed. However, such a test
is time-consuming because it requires one complete cycle from full discharge to full charge. Therefore,
a method is needed to determine battery capacity in a short time. In this paper, we propose a battery
testing method to quickly estimate the remaining capacity of used lithium-ion batteries. We
mathematically model the used battery by using an auxiliary RC network model, and we construct a
simulation model by extracting battery parameters through charging tests for each section of the battery.
The simulation model's validity is confirmed by comparing it with the actual battery charge/discharge
graph. We then predict the remaining capacity through pulse charge and pulse discharge within the
selected linear section according to the state of charge (SOC) in the characteristic battery
charge/discharge graph. The feasibility of the proposed method was confirmed.
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Fig. 1. Yearly Vehicle Registration Status
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Fig. 2. Predicted Annual Generation of Reused
Batteries
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. 4. Lithium-ion Battery Charge-Discharge Characterist
(a) OCV Curve as a Function of SOC,

(b) Terminal Voltage during Charging and Discharging
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Table 1. Characteristics of Battery Equivalent Circuit

Models
Thevenin Warburg Runtime-Based
Equivalence Impedance Equivalence
Circuit Model Model Circuit Model
DC No No Yes
AC Limited Yes No
Transient Yes Limited Yes
phenomenon
Real-time No No Yesl
battery status
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Fig. 5. Depicts the Equivalent Circuit Model with
Real-time State Applied
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Fig. 6. Illustrates the Electrical Equivalent Circuit
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where @ denotes the available capacity of the
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@)

battery, and @,,. denotes the total energy capacity
of the battery.
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where AV denotes the instantaneous voltage
difference at the current point, and A7 denotes
the size of the current in the corresponding section.
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