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A degradation simulation model based on the
mechanism of lithium-ion rechargeable battery
performance expression was developed in order to
predict the long-term durability of on-board lithium-ion
rechargeable batteries with high accuracy. Up to now,
guaranteeing the long-term durability of lithium-ion
rechargeable batteries required correspondingly long-
term testing and design values with a large margin in
terms of prediction accuracy. In the developed model,
the model portion that calculates the battery performance
was made into a physical model using the physical
quantities that influence the degradation mechanism as
explanatory variables, and the degradation behavior of
each factor was made into an empirical model that is
trained from the test results. The model with this hybrid
structure was proposed as a semi-physical model. As
a result of this, accuracy in predicting durability was
increased, and a capability to represent the non-linear
behavior of performance degradation transition over
long periods of time was indicated. When the internal
state of that model is to be acquired by disassembly
analysis, however, model training incurs a high
development cost. For this investigation, therefore, the
approach of determining the internal state by calculation
from voltage and current data was chosen rather than
that of disassembling lithium-ion rechargeable batteries
to measure their internal state. This choice was also
intended to increase the applicability of the approach
by reducing the training cost. In this way, it becomes
possible to reduce the size of the extra margin necessary
in design as well as to enhance convenience.
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Fig. 2 Mechanism of capacity calculation
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Table 1 List of degradation factors
Factor Degradation factor
Cathode capacity Temperature, Averagg cathode SQC, Cathode SOC width,
Rated Cathode current density (Charge, Discharge)
capacity |Anode capacity | Temperature, Average anode SOC, Anode SOC width,
Ah shift Anode current density (Charge, Discharge)
R Temperature, Average cell voltage, Cell voltage width,
° Cell current density (Charge, Discharge)
R. CPE Temperature, Avera_ge anode SO_C, Anode SOC width,
Internal " ! Anode current density (Charge, Discharge)
resistance R. CPE. Temperature, Average cathode SOC, Cathode SOC width,
2 2 Cathode current density (Charge, Discharge)
CPE. Temperature, Average cell voltage, Cell voltage width,
3 Cell current density (Charge, Discharge)
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Table 2 Model formula and differential equation

Model formula | Differential equation

th t ) dv a'lvxh
n-th power type | y=axx'+c¢ |F-=—————
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B dy 1-y Time model 1 x =time
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Fig. 10 Factor amount calculation method
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Table 3 Simulation result at capacity retention of 60%

Table 4 Simulation result at DCR retention of 150%

Aging condition

High temperature | Low temperature
Cathode capacity retention 85.2% 87.0%
Anode capacity retention 31.7% 59.6%
Ah shift value 0.11 Ah 0.09 Ah

Aging condition

High temperature | Low temperature
Ohmic resistance retention 100.0% 100.0%
Cathode’s reaction resistance retention 111.0% 117.7%
Anode’s reaction resistance retention 211.0% 179.9%
Diffusion resistance retention 181.9% 273.7%
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Fig. 13 Difference in capacity degradation behavior
due to acceleration test
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