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Abstract: A large number of lithium-ion batteries are arranged in series and parallel in battery packs, such as those in

electric vehicles or energy storage systems. As battery packs age, their output power and energy density drop because of

voltage deviation, constant and non-uniform exposure to abnormal environments, and increased contact resistance between

batteries; this reduces application system efficiency. Despite the balancing circuit and logic of the battery management

system, the output of the battery pack is concentrated in the most severely aged unit cell and the output is frequently

limited by power derating. In this study, we implemented a cell imbalance detection algorithm and selected parameters

to detect a sudden decrease in battery pack output. In addition, we propose a method to increase efficiency by applying

the measured testing values considering the operating conditions and abnormal conditions of the battery pack.
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Table 1. Specification of the battery pack.

Classification Unit Value
Cell Type Cylindrical, 18650
Array Series and parallel 2P4S
Nominal voltage \Y% 14.4
Pack capacity Wh 36
Charge (CC/CV) A,V 1.25, 16.8
] . 0 to 50 (Charge)
Operating temperature C 20 10 75 (Discharge)
Internal impedance m& 18 (Unit cell)
Voltage sensing ch 4
Current sensing ch 1
Temperature sensing ch 1
Chemical
Pack + :usecaf\/ al Q2
I3[ 16T
Microcontroller J T —[_
RT
;
GND
4

Fig. 1. Block diagram of the battery management system.
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Fig. 3. Voltage deviation of different C-rate at 3.8 V.
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Fig. 4. Voltage deviation of different C-rate at 4.2 V.
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Open circuit voltage |Discharge C-rate| Max-Min (AV/At) Max-Min (AV/At/T)
0.2C 45 mV 43.269 mV
0.5C 84 mV 3L.731 mV
3600mv 1.2C 219 mV 33.494 mV
1.5C 273 mV 32.500 mV
0.2C 40 mV 38.462 mV
0.5C 94 mV 35.577 mV
3800mv 1.2C 230 mV 35.256 mV
1.5C 305 mV 39.893 mV
0.2C 39 mV 37.500 mV
0.5C 105 mV 39.231 mV
4000mv 1.2C 245 mV 36.859 mV
1.5C 306 mV 39.209 mV
0.2C 47 mV 45.192 mV
0.5C 101 mV 38.269 mV
4200mv 1.2C 240 mV 37.660 mV
1.5C 308 mV 39.487 mV
Fig. 5. Voltage deviation of imbalanced cell.
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Fig. 6. Consideration of voltage sensing error.
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Table 2. Parameters of cell imbalance detection.

Parameter Unit Value
CID detect current A 1
CID detect interval time sec 0.1
CID detect minimum voltage mV 3,600
CID multiple factor - 10
CID delta voltage threshold  mV/sec/A 70
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Fig. 8. Voltage profile of cell imbalance detection.
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