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Speed Vs Accuracy

<& Trade-off between CPU time vs. predictability.
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Predictability
<& Accounts for

<& Electronic and Overall Charge
Adding more physics provides more fidelity and functionality for the
<& Electrolyte and Solid Phase Mass Conservation

Model, It also increases computational cost

<& Other Constitutive Equations ,



Tanks-in-Series Battery Models
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* Computation time, C++: 0.018s
 P2D model > 1000 DAEs (complex)

o <10 d dt
. Computational time, C++: 5 seconds %o error observed as compared to

existing physics-based battery
models (SPM, P2D, etc.)

Ref: Subramaniam, A. et. al. (2020). JES, 167(1), 013534. 3



Parameter Sensitivity Analysis

=
[
1

Scnsitivity Index (S7)

=t
D = R e Oy =] O o D
1

mpn

I P 1 =R

T

|

=]= élé ] élé . éllél I|

% o
NN Ny D Qf\} Q,;Sc? QV\ Q{‘a ('j:)a‘ ?m\\' cﬁ\.&

N O

 P2D and TiS model are equally sensitive
* Enables to perform optimization and control studies with efficiently
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Optimization Formulation to Estimate Parameters

* Optimization Formulation
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Comparison of optimization time required for P2D and TiS Model for two different
optimization algorithms used from MATLAB
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Optimizer Genetic Algorithm (GA) Sequential Quadratic
Programming (SQP)
Model P2D TiS P2D TiS
No. Function 4855 4855 128 145
Evaluations
Optimization 97200 1052.90 3060.38 32.17
Time (s)
RMSE (mV) 12.9 14.96 12.9 14.69
OptimaIDs m?2s-1 2.011E-14 2.3282E-14 2.0114E-14 2.3276E-14
1
OptimaIDS m?2s-1 1.4014E-14 1.4018E-14 1.4011E-14 1.4011E-14
Conclusion

TiS Model is 93-95 time faster in performing optimization

Parameter sensitivity analysis was also performed to
compare the fidelity of the TiS model.
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