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Electrochemical Battery Model
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Electrochemical Battery Model
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Safari et al., Journal of The Electrochemical Society, 156 3 A145-A153 2009.
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COMSOL Implementation
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COMSOL Implementation
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[1] https://salib.readthedocs.io/en/latest/ ; [2] www.batteryarchive.org; [3] COMSOL documentation
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Parameter Fitting Method
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Expected vs Obtained Results
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Expected vs Obtained Results
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Quality of Fit

Fresh Battery

N = 600 (samples)
M=6 (datasets)

min F,,q; = 0.012[V?]

Degradation

N =25 (samples)
M =2 (datasets)
CYC =75 (cycles)

min F,,s; = 0.667[V?]



Uncertainty and Sensitivity Analysis

Inputs — Manufacturing Parameters

Uncertain Outputs — Cell Quality Control
. Parameter
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se1,init~U(5[nm], 20[nm])

Battery Cell
Electrochemical Model

s o]
b A
o fil
o
x|/ Co
o A
i
o« A8
. . . woo 3 @@c - BEEC- -
Time702583 Sutace: Tempacatrs (% o
2 oo "
. w
008
0
o1
28
s
|
e

3. Electrode process parameter limits
Positive electrode particle radius
8p p~N (8.4[um]; (2.5[um])?)

Inputs — Operating Parameters

Load curve ’ ’ Sensitivity Analysis

1. Charge:1C ‘ Sobol indices [1]:
— 4 . . .

2. Discharge conditions: Varying - - S1; = Contribution to output variance
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3. Temperature: 25°C ::
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[1] Sobol’, 1.M., 2001. “Global sensitivity indices for nonlinear mathematical models and their Monte Carlo estimates”



Uncertainty and Sensitivity Analysis

Variable 1st cycle 25t cycle
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Histogram
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* Manufacturing cost example based .

on product specification:
Cost = Costpomiar T CoStopersize

Discharge energy
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distribution. 8p 0.33 0.69 0.39 0.90
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[1] Sobol’, 1.M., 2001. “Global sensitivity indices for nonlinear mathematical models and their Monte Carlo estimates”



Conclusions

* Successful implementation of an electrochemical model of a battery including degradation
* Robust framework for parameter fitting

* Parameters successfully tuned for data set (incl. temperature dependency)

* Uncertainty/Sensitivity Analysis to quantify performance parameter variance

» Uncertainty/Sensitivity Analysis to prioritize optimization efforts on e.g., manufacturing process

 COMSOL Application Builder offers excellent freedom and flexibility for handling large data sets

and complex scenario simulations
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