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Degradation Mechanism
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Li-lon Batteries suffer from a variety of degradation mechanism
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Degradation Mechanism

Degradation Mechanism Degradation Mode Effect MeChanlsm can be Organlzed In three
SEI growth degradation modes:
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Incremental Capacity Analysis
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Cell Voltage / V
The ICA converts the voltage Graphite undergoes several phase
plateaus of a two-phase transition transition during charging/discharging
into detectable peaks. process.
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Differential Voltage Analysis
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Cyclic & Calendaric Aging

Calendaric aged®
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SOH LUT Generation

Cell Voltage / V
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Model Development
Development Workflow Summary
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SOH LUT Generation
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» Repeat previous steps for different » Calculate Feature-map by linear
: . : : : * Convert Feature-Map
cells at various temperatures and interpolation of all linear regression .
: into 2D Look-up Table
C-rates models at various temperatures
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Simulink Model

mm |Mmplementation in Simulink — Garging \

« State-Machine in Stateflow DVA&ICA
Calculation

* Feature Detection as MATLAB-Function

Average

Filter
* Model reference Temperature
Calculation

» C-Code Generation with Embedded Coder Feature

Detection
s Unit Testing

* Definition of test cases in Simulink Test

SOH-Estimation with 2D-LUT
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Development Workflow
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Summary
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Summary

Next Steps

Onboard Implementation
« Data-Generation

« HIL-Testing

* Vehicle Integration

Onboard Implementation

- MBD
* Unit Test with Simulink Test
» C-Code Generation

ICA & DVA

* V-model coverage through

 Data Analysis with MATLAB gfﬁmirﬁsezﬁ?feﬁfa@gsimunnk ReSZaLCh : stelizmen-tth
* e.g. plots, peak detection ’ ) nhance Algoriinm wi
S Po>p Test, etc. ML through MATLAB ML
Toolbox
. User friendly . 1S026262 & IEC61508 coverage

through IEC Certification Kit

Various helper functions
* Flexible integration through

Simple visualization Code Generation
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