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Abstract

Nowadays, in the field of electric vehicles, lithium-ion batteries play an inaccessible role in energy
supply, in which ternary batteries are widely used because of their high energy density, but the
high energy density also brings safety concerns. In order to investigate the impact of different ab-
usive operating conditions on the aging process of ternary lithium-ion batteries, with the aim of
guiding long-term management strategies for these batteries, this study conducted experiments
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on normal aging conditions and different abusive operating conditions (overcharging, high-rate
charging/discharging, high/low temperature cycling) using basic ternary 18,650 cylindrical cells.
The differences between abusive operating conditions and normal aging conditions were analyzed
from the perspective of external characteristics such as capacity and internal characteristics re-
lated to degradation mechanisms. The dual-tank model was employed to identify battery aging
parameters and analyze the degradation mechanisms and aging paths. It was ultimately discov-
ered that all abusive operating conditions accelerated capacity decay, and different abusive oper-
ating conditions also exhibited variations in aging paths. Based on the analysis of capacity decay
and aging paths, a ranking of the abusive operating conditions to be avoided by ternary batteries
was established as follows: low temperature > overcharging > high temperature > high-rate dis-
charging > high-rate charging. This research provides a reference and foundation for the rational
design of operating conditions for ternary lithium-ion batteries.
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Figure 1. Schematic diagram of the dual-tank model principle
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Figure 2. Voltage fitting results of the dual-tank model
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Table 1. Abused conditions experiment
F 1 AR

S REE(C) FHEE(C) TR A% %(C) 7o A R (V) TR LR L (V)

#1 25 15 1 4.2 2.75
#2 25 1 3 4.2 2.75
#3 25 1 1 4.3 2.75
#4 -10 1 1 4.2 2.75
#5 50 1 1 4.2 2.75
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Figure 3. Identification results of dual-tank parameters under normal aging conditions. (a) battery capacity; (b) available li-
thium ions; (c) cathode capacity; (d) anode capacity
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Figure 4. Identification results of dual-tank parameters under abused conditions. (a) battery capacity; (b) available lithium
ions; (c) cathode capacity; (d) anodecapacity
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Figure 5. Comparison of capacity attenuation between abused conditions and normal aging condition
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Figure 6. Comparison of aging paths between abused conditions and normal aging condition
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