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Motivation of the Project

Can we achieve an extended battery life by detecting mechanical

changes and their effects on cell aging and cell states?

the operation life prognosis?

Aging model of 18650 Cells

Can we derive a mechanical end-of-life criteria and thereby improve

Is It possible to transfer these findings to new cell chemistries and
thus optimize cell design at an early stage?
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State of Research

Different mechanical operando diagnostic methods were examined
during aging of jelly-roll and pouch cells

Development and qualification of new test benches

Creation of mechanical models and derivation of aging functions to
evaluate the RUL

In progress:

Results

Strain monitoring and FE-modeling
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(b) Cell discretization

Electrical and thermal cell model show high agreement to
experimental data (LG MJ1: NMC811 | Gr+Si)

EoL-Determination by DMS

Reproducible placement of strain gages using X-rayCT

Low-resolution X-ray CT
to determine the
orientation of the jelly roll
relative to the external
marker.

This enables reproducible
placement of the strain
gages.
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» From the cell‘s expansion curve the RuL and an

alternative EoL criterion can be derived

Strain

Real-time Visualization of Aging Effects in Pouch Cells

Operando Acoustic Imaging
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Verification by Opticaland
SEMIimages —Post Mortem

- Ultrasound shows the development of ageing effects in real time

metallic

lithium
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Ultrasoundimages
— operando
» US acoustic imaging o,
allows operando 53;:
monitoring of aging gij
effects =
= D. Wasylowski et al. Operando Visualisation of Lithium Plating by Ultrasound Imaging of Multilayer Cells.

10.1016/j.est.2022.106444, Kadi4Mat ID: 751.
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Ultrasound

Final aging tests and identification of suitable measurement method(s)
for possible integration into a BMS

Modal Analysis on Pouch Cells

Investigation of the Resonance-Behaviour of Pouchcells TI.ITI
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FEM-Model for Parameter Extraction
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* FEM-Model used to obtain mechanical material
parameters using experimental modal-analysis.

* Investigation of the resonance-behaviour of pouchcells
Influence of ageing—> Increase of peak frequency with
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Simplified Models on Pouch Cells

Development of Simplified Models
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Physicochemical ECM- Model
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* Reduction of model complexity: FEM—ECM & decoupling of
physical domains

» Comparison to FEM-based model shows: reduced model predicts
internal states precisely
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» Physicochemical ECM: Precise depiction of cell behavior

Including internal states and plating criteria

Ultrasound for Classifying SoH of Pouch Cells

Mechanic»SoC Map by US-ToF monitoring
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» Mechanic SoC mapping
enables classifiying
cell’s SoH from

| 3 individual US-ToF
- measurement
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Mechanic SoC maps allows for fast classification
of cell's SoH by single US-ToF measurement
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