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Accurate predictions of performance and thermal
behavior are essential for development of lithium-ion
batteries and their integration into automotive drivetrains.
Such predictions are based on solutions of mathematical
problems representing severa physica  processes
responsible for the overall cell behavior. Integration of
electrochemical models with electrical and thermal
models is essentiadl for accurate description of cell
performance. Development of computational software
capable of integration of available models into one suite
of tools with capability of accurate cell modeling will
accelerate the design process as well as enable better in-
use thermal management of Li-ion cells.

The CAEBAT (Computer Aided Engineering for
Batteries) [1] program involves collaboration among
several National Laboratories and industrial partners
aiming at development of such software. Within this
effort we have developed the computational framework
which combines physics-based models developed by the
research community with latest advanced numerical
methods and agorithms. The CAEBAT Open
Architecture Software (OAS) framework has a modular
structure with each component representing physics-based
model (Fig.1.). The control of the components, as well as
processing of input and output data, occurs by the
component adapters. The state adapters update the
battery state based on the output from the components.
The battery state file serves as data collection describing
the state of the system at each time step, thus passing the
information to each component. This system constitutes
the Virtual Integrated Battery Environment (VIBE).
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Fig. 1. Schematic of the Virtual Integrated Battery
Environment

At the present stage capabilities include coupled
electrochemical thermal and electrical models integrated
within VIBE.  Electrochemica models include the
pseudo-2D model based on the porous electrode theory
and concentrated solution behavior for electrolyte as well
as the model based on linear approximation of cell
polarization functions.  The solutions of potential
provided by electrochemical model are updated by
solutions from electrical model which solves the
equations for the continuity of current resolving the
current  collectors. These solutions are used in
computation of heat sources. The heat sources are used as
input for thermal modeling. Solution of both electrical
and thermal 3D transport models is performed by ORNL
developed AMPERES (Advanced Multi-Physics for
Electrical and Renewable Energy Storage) code [2].

We demonstrate the capabilities of the framework by
performing case study simulations of different cell
geometries (Fig. 2.). Selection of the models as well as
their influence on the solution is discussed. Optimization
of cell parameters with the goal of temperature
minimization is performed. Finally the smulations are
validated by experimental thermal measurements at
different applied current densities.
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Fig.2. Temperature distribution (inK) in a) 16.4 Ah/m?
pouch cell at the end of 5C discharge; b) 14 Ah/m? rolled
cylindrical cell at the end of 2C discharge.
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