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Motivation and Introduction

= Pack-level optimization necessitates the coupling of electrical, .
electrochemical, and thermal dynamics.

= High number of variables and cross-interactions complicates

systematic analysis.

= We provide a precise and flexible physics-informed simulation
framework to enable Al-assisted optimization on pack-level.
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Main findings
Explicit pack topology and cooling modeled under fully configurable boundary conditions.

= DFN-level internal states at ECM-level speed via adaptive discretization (SPMe — DFN).

» Validated against measurements on physical cells using Virtual Parallel Connection
(RMSE(]) < 1%).
= Enables optimization of system design, operation and diagnostics based on BMS-
observable and cell-level hidden states.
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Multi-Cell Transmission Line Model

Electro-thermal multi-cell model
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Physicochemical single-cell model [1]
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(b) Cell-individual thermal
boundary conditions
+ cell-to-cell heat exchange

Adaptive complexity
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(c) Cell-individual thermal
boundary conditions
+ cell-to-cell heat exchange
+ explicit integration of
passive elements
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Lumped thermal cell model

Validation against measurements

on physical cells

10/20/30% - Rpc 105

= Exp. Measurement via Virtual
Parallel Connection (VPC) [2,3]
on Molicel INR21700-P45b.
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