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NEXTBMS project NEXTBMS

High-level concept and BMS model related objectives
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Objectives

* Develop Advanced physics-based and adaptable battery models.
* Deliver advanced data acquisition combining sensor-based solutions at battery

system/module level and model generated values.
* Integrate new control algorithms with advanced state estimators and data-based algorithms

to increase utilisation while ensuring safety and reliability of the advanced BMS system.
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Motivation for the next generation BMS

State-of-the-art: Equivalent circuit model

Fast and simple for
implementation
Computationally non-
demanding

SEPARATOR

18/06/2026

Consistent virtual
representation of the
electrochemical cell

Clear correlation between the
model parameters and intra-
cell phenomena

Intra-cell virtual sensing and
SoX diagnostics capability
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NEXTBMS

Oversimplified and incorrect virtual
representation of the battery cell
Reduced prediction capability
outside trained region

No correlation between RC
parameters and physical
parameters in basic ECMs

Computationally more demanding,
yet NEXTBMS demonstrated

computationally optimized and

microchip implementable version

of the electrochemical model

Parametrisation requires advanced
electrochemical characterisation




Elementary electrochemical cell — Designing the model @NEXTBMS

Representative active particles

Anode current collector -

Volume averaged
homogeneous

ANODE e

Graphite, LFO, Silicon, Li

Model
simplification
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Elementary electrochemical cell —transport and electrochemical phenomena to consider @ NEXTBMS

Simplified example of processes when discharging the cell (vice-versa when charging)

Cathode i

Electrochemical reaction Li* + e~ — Li
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Solid phase diffusion of Li

des 10 5 0cCs
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Electrochemical reaction Li — Lit + e~
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Note:
Multiparticle
and spatially
resolved
model is
used in
online and
cloud
application.
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The role of electrochemical models L@ NEXTBMS

Online and Cloud model approaches

Optimisation A
. e oL
Fast electrochemical model on Minimisation
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Higher fidelity electrochemical model
*RT — real time on the PC/computational node acting
**RMSD — Root Mean Square Deviation as advanced SoX diagnostics tools
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AURIX TC375 microcontroller unit from Infineon @NEXTBMS

Specifications of the embedded HW (MCU) in the NEXTBMS project

*  MCU family: AURIX TC3xx
* Architecture: TriCore™ 1.6.2 (32-bit multicore)
* CPU cores: 3 x TriCore CPUs (CPUO, CPU1, CPU2)
*  Maximum CPU frequency: up to 300 MHz
e Program Flash: up to 6 MB
e Data Flash: up to 768 kB
e RAM:
* DSPR (Data Scratch-Pad RAM):
 CPUO: 240 kB
 CPU1:240kB
* CPU2:96 kB
* PSPR (Program Scratch-Pad RAM): 64 kB per core
* LMU (Local Memory Unit) RAM: up to 1.5 MB shared
memory
* Operating Temperature: Automotive-grade (-40 °C to +125
°C junction, depending on variant)
* 1SO 26262 ASIL-D (Automotive Safety Integrity Level)
capable
* Connectivity: CAN FD Gigabit Ethernet (on Ethernet-
equipped variants), FlexRay, LIN, SPI / QSPI, I2C, UART / ASC
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Memory requirements and performance @NEXTBMS

Configuration of the deployed electrochemical model to the MCU

Heap usage
Ncv CAT |[Ncv SEP [Ncv ANO |[Ncv par CAT |[Ncv par ANO |[[KB] RT factor
5 5 5 5 5 210 0.2
. i
00000¢ SIOICICON

CATHODE | SEPARATOR ANODE

* Ncv_CAT: number of control volumes in cathode

* Ncv_SEP: number of control volumes in separator

* Ncv_ANO: number of control volumes in anode

* Ncv_par_CAT: number of control volumes in each cathode particle

 Ncv_par_ANO: number of control volumes in each anode particle

 Heap usage: amount of allocated memory in the model in kilobytes

* Real time (RT) factor: ratio between the actual clock time of the simulation and the simulated time
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Advanced virtual sensing features in NextBMS NEXTBMS
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Internal battery cell states during DCH/CH NEXTBMS

Cell voltage [V] C-rate: 0 [1/h] Concentration Li-ion [mol/m 3]
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@ NEXTBMS

Conclusions

@ Current state-of-the art embedded HW is already capable of running electrochemical

battery models.

¥ Electrochemical models are key enablers for virtual sensing of internal states of the 0000

CATHODE SEPARATOR ANODE

battery cells.
@ Virtual sensing makes possible advanced SoX-aware battery management enabling

maximization of battery performance at minimized/acceptable degradation rates.

¥ Electrochemical models are key enablers for cloud-based SoX diagnostics.
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