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Battery Modeling Fundamentals

Accuracy
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BATEMO CELLS

physical, parameterized, validated

Level 2 _
Electrochemical Models

LeveI] _ _
Equivalent Circuit Models

Level O
Heat Source

Effort



BATEMO
CELLS
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physical cell specific demonstrated
cell model parameterization validity




Level 3
Microstructural Models

Level 1
Equivalent Circuit Models

= parameterization of several months

= parameterization in several weeks

= physical cell model

= simulation within seconds = parameterized for all cells = simulation time of several hours

= simple handling = global validity demonstrated = battery expert required

research

development
unprecise and no aging precise, fast and operable complex and slow
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PARAMETERIZATION

ez | BATEMO CELL LIBRARY

-

license grants access to the total Batemo Cells Library
updates with new cell at least twice annually
Examples of available automotive cells

Panasonic zylindrisch (Tesla Model 3)
Samsung prismatisch (BMW i3)
Samsung prismatisch (BMW 530e)

CUSTOMERS

-

Toyota Camry

BATEMO CELL CUSTOM

A

parameterization of any cell as a service
takes only several weeks




TRANSPARENT

calculation of the
document

all data supplied as
4| — measurement
simulation

EXTENSIVE

measurements in the total

and regime
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GUARANTEED R TR R

We promise: If you can show us a more precise cell model, you will get your



Samsung_INR2170040T_191c01110_validation.xlsx




LITHIUM-PLATING is the problem ... Li v /h

.. and triggered by an ANODE
POTENTIAL below zero.

Vy > OV

If youhavea VALID MODEL to

simulate the anode potential ...

... you can calculate an optimal

CHARGING STRATEGY!
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Fast-Charging Strategy

= max. charger current
= max. cell voltage

= max. cell temperature
= min. anode potential

charging current [A]

: Control current to all limits!

charger
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CarMaker and Batemo in MATLAB

CarMaker MATLAB Simulink BATEMO
4\ E.
vehicle model and simulation tool battery cell model
Stelvio driving scenario for coupling Sanyo NCR18650-GA
CarMaker
Simulink

Batemo Cells

Length: 18.6 km Capacity: 3.5 Ah
Height: 1870 m Energy Density: 244 Wh/kg
Duration:  22.2 min. Power Density: 943 W/kg



CarMaker - Driving Stelvio-Pass Uphill
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Batemo — Fast-Charging at the Top
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Batemo — Fast-Charging at the Top

- 25°C 25°C 10°C 10°C
aging new new old old
charging immediate after hike immediate after:sking
Tcell,start 37°C 25°C 24 °C 1020

T 45 71ewh 22.8 Min. 21.6 Min. 21.5 Min. 63.7 Min.




IV Summary



CELL AGING

BATTERY HEATER
DIFFERENT CELLS

DRIVING SCENARIOS

AND

FAST-CHARGING

PACK COOLING DRIVER BEHAVIOR
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