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Battery Cell Thermal Runaway Modeling in LSDYNA
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Why Battery Solution?

Automated model setup
Ease of converting HPPC test data to model input
Ease of converting mechanical test to model input

Tutorials on Multiphysics
Example models

= Test matrix suggestion
ﬁ Generic material models
Stochastic behavior modeling
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Our Solution for Single Cell
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A fully automated, scripts driven workflow with custom User-Interface
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PYANSYS
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gRPC

[ Set of technologies that allow the user to interface with Ansys products pythonically ]
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PYANSYS Ecosystem

Simulation librairies

Utility librairies

Postprocessing librairies

PyMAPDL

Pythonic interface to Ansys
MAPDL (Mechanical APDL)

PyMotorCAD

Pythonic interface to Ansys
Mator-CAD.

PySherlock

Pythonicinterface to

communicate with Ansys
Sherlock

PyDyna

Pythonic interface to build the

Ansys DYNA input deck, submit it PYF1 t
uen

to the Ansys LS-DYNA solver and v PyPrimeMesh

Posrocs el ATHeRTiE A cHace DS Pythonic interface to Ansys Prime

Fluent Server, which delivers core Ansys

meshing technology

i @@

PyOptislang
PyMechanical Pythonic interface to Ansys PyDynamicReporting
Pythonic interface to Ansys Optislang Pythonic interface to Ansys PyAnsys Math
Mechanical : | Dynamic Reporting for service Pythanic interface to PyAnsys
and control of its database and " .
Math libraries
reports

PyAEDT

PySystem Coupling
Pythonic interface to .
Y Pythonic interface to AEDT

communicate with Ansys System .
Coupling (Ansys Electronic Desktop) - 021 ANSYS, Inc. / Confidential

AnsMath sparsa matrix

Build postprocess workflows with Python
Postprocess with Python

o MAPDL LS-DYNA

PyDPF - Core

Pythonic interface to DPF (Data
Processing Framewark] for PyDPF - Post
building more advanced and

customized workflows Pythonic interface to access and

post process Ansys solver result
files

PyDPF Composites
PyEnSight

Pythonic interface to post-

process layered and short-fiber Pythonic interface to EnSight, the

composite models Ansys simulation postprocessor
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PYDYNA

Py,\nsys Getting started User guide APl reference Examples Contribute

PyAnsys » PyDYNA documentation 0.4.2

ATAP | EE T R
oy

= Onthis page
Py

PyDYNA documentation 0.4.2

PYDYNA

[ ey EEEE python 3.8 3.9 | 3.10 | 3.11 w042 | () C1 [passing | codecov [unkiiown | License [MER code style black e ew

Documentation and issues

License

Overview

PyDYNA is a Pythonic package for providing a more convenient and complete way to build an Ansys DYNA input deck,

# Editon GitHub

submit it to the Ansys LS-DYNA salver, and finally postprocess the results. B show source

PyDYNA contains two submodules, | ansys.dyna.core.pre and ansys.dyna.core.solver

* pre: This module provides highly abstracted APIs for creating and setting up DYNA input decks. There are many
classes supported, namely, DynaMech, DynalGA, DynalCFD, DynaSALE, DynaEM,DynaNVH, DynaMaterial, DynalSPH,
DynalCFD and DynaAirbag. Each of these classes can be used to generate LS-DYNA keywords. Since these classes have
high-level abstraction, each function call generates groups of keywords needed to define an inputin LS-DYNA.

solver : This APl provides features to interact directly with the Ansys LS-DYNA solver. LS-DYNA is primarily a batch

p, D solver with very limited interactive capabilities, the | solver service provides a way to push input files to the LS-DYNA
}I" F na salver, monitor the state of the running job, change the value of a load curve and finally retrieve result files back from

the server

Once you have results, you can use the Ansys Data Processing Framework (DPF), which is designed to provide numerical

P:}l‘rt h '::' rl I c In tE r-f'a E'E' t'::l b I..-I | ld th E' simulation users and engineers with a toolbox for accessing and transforming simulation data. DPF can access data from

Ansys salver files and from several files with neutral formats, including CSV, HDF5, and VTK. Using DPF's various operators,

Ansys DYNA input deck, submit it o ot o s o
to the Ansys L5-DYNA solver and https://dyna.docs.pyansys.com/version/stable/

<t it [t
postprocess its results https://github.com/ansys/pydyna
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Battery Characterization using PyAnsys

Py //Ansys

Py / Geometry [l Py / Prime Py / Dyna Py / DPF
Py / dyna.pre Py / dyna.solve




A Generic Battery APP

* Work for any Cell Format



A Generic Battery APP

* Automatically convert HPPC test curves to model input

Pouch Different SOCs iz @
Temperatures

@ @ HPPC Test @
o JINVS



A Generic Battery APP

e Define characterization test based on Cell Format

* Automatically convert mechanical indentation test to material input
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Battery Characterization App

Create Cell Geometry
pYGEOMETRY

Mesh Cell Geometry
pyPRIME

Extract Randles Circuit Parameters from HPPC
Test Data

Standalone Python Script

Extract Stress Strain curve from Indentation
Test

Standalone Python Script

Setup Dyna Input Deck
pyDYNA.pre

Solve
pyDYNA.solver

Post Process
pyDPF
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a cdesimportall.a

localhost
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Battery Cell Characterization

Lithium lon Cells under thermal or mechanical abuse can undergo large encugh deformations that could

induce an internal short and subsequently a thermal runaway. In order to accurately predict the

deformation in a cell under a given load and the possibility of thermal runaway for the corresponding
I} deformation, accurately capturing the mechanical, electro-mechanical and thermal behavior of the cell is
very important. Certain standard tests are needed to build high fidelity LS-DYNA models that can predict

thermal-runaway considering the multi-physics aspect of this complex phenomenon.

"Battery Cell Characterization" App helps in easily converting the HPPC and Mechanical Test data into
relevant model inputs for the LS-DYNA multi-physics model. This App allows you to select the desired Cell
Format, the cell dimensions and upload the physical test data for the desired loading configuration. The

App generates a BatMac model for the chosen cell format.

The randles circuit parameters required for the equivalent circuit medel is obtained from the HPPC test
data. HPPC tests are usually conductad at different ambient temperatures and several State of Charge
(SOC) values.

For the mechanical characterization, based on the choice of material model, several indentation tests

maybe required. The App prompts for the pertinent test data to be uploaded.

S



Thank You
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Backup Slides
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Indentation Model Setup

Select loading type * Indenter specific RIGIDWALL

0 ot Srerealiome ) cytndrial 30t sonc * Velocity defined for RIGIDWALL

g; Chocse s CSv e * All necessary CONTROL cards defined
Drjig:j:j'zr:j:i.':here Browse files ¢ MAT_THERMAL_|SOTROP|C

* EM_ISOPOTENTIAL and
EM_ISOPOTENTIAL_CONNECT

response_FvD_comp_fl.csv 121.0KB 3

Submit

T ) £
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Battery Postprocessing
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Small Spherical Indenter
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Solution Frameworks

Technology Demonstrato\r

Training Tool
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Cell Format Selector
\nsys

Cylindrical Pouch ° Prismatic

thickness

width
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+yz
length -
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Submit . -
Choose the format of cell being characterized
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Cell Format Selector

Select the Cell Fermat ’
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Submit . -
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' R
Calibrate R, R,,, C;, from HPPC test curves sl
Viotar = — 1yl =V, o(same for discharge and charge) i

I(n)  Vip(n)

HPPC data will be used to derive the Randels circuit parameters for the equivalent circuit modelin LS-

DYNA. We are using the 1st order Randles circuit that consists of R0, R10 and C10 parameters. These terms

Vieln+1) =V,,(n) + (t(n +1) — t(n))

d . . d C]_O R]_O C]_O will be computed from the curve fitting to the HPPC data.
Rlo a n C]_O a re Optl m Ize * since the cell charge and discharge is dependent on the Ambient temperature and the current SOC of the
cell, please input the number of test curves available accordingly.
Cell Capacity 50C conversion factor
HPPC test at 20% SQC HPPC test at 20% SOC 0821 S res
3.595
Positive current collector conductivity Negative current collector conductivity
<3581 £ S
- FZ f 2380 4050
g g‘ 3.590
& 3.56 o
° 5 3.585 i HPPCdatashould be of the following format as a csv file for each temperature input
> >
V=g, — 3.54 Pl 3580 ;Et!St Time  Current VoltageatS0C0 S0C10  SOC20..50C100
=@, 2 I
: —[ Rl — 0.0 2.5 50 7.5 10.0 0.0 2.5 5.0 7.5 10.0 Number of Temperature variations
;_+_©___ 10 . time(s) time(s) .
I U | ROI [ | I » )
i Temperature Choose a C5V file
» MB per f fil
Limit 200ME per file Browse files
p4 HPPC test at 20% SOC HPPC test at 20% SOC
ri
— test - -
352 3.480 fit hppc_T25.csv 243.1KB *
a '*:3’ Temperature Choose a C5V file
u ]
> 3.50 o 3.475
E E 35 - . file
E p2 S i
> 348 > 3.470
hppc_T25.csv 243.1KB x
o =5 50 += 10-0. 0.0 2.5 5.0 7.5 10.0
time(s) time(s) Submit
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PyDYNA Script Snippets

# Defining indenter based on input
if "pouch"
if "Flat Compress"

’ , P , , , radius , length
X , Y , ,motion ,dir , 0,
# Setting EM control cards
emsol
tstype=1,dtconst
# Defining NodeSets for the positive and the negative terminal
Xmin , Xmax , ymin , ymax=1, zmin , zmax
Xmin , Xmax , ymin , ymax=1, zmin , ZzMmax
boxes , layer
boxes , layer
# connecting the positive and the negative terminals
contype , isopotentiall , isopotential?2 ,val

ue
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PyDYNA Script Snippets

# Defining RANGLES BATMAC

cell parts

equilibrium voltage X y
cell capacity 'Q'],soc conversion factor 'cq'l],charge init state
circulit parameter constant temperature
temperature from thermal solver add heating to thermal solver

# Add thermal control cards

initial timestep
analysis type
convergence tol divergence

nodeset temperature



Post Processing with PyDPF

* PyDPF is a pythonic APl used to post process all Ansys result formats

* With DPF, you can perform complex preprocessing or postprocessing of large
amounts of simulation data within a simulation workflow

Data Source(s): Result files or
neutral files
Examples: csv, rst, rth, vtk, hdf5

Workflow: data transformation Output Field

* For LSDYNA dpf supports reading d3plot and binout files
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Further Improvements

* Support MAT _MODIFIED_HONEYCOMB

- Anisotropy
- Rate dependence

* Add Stochasticity to the model

* Job submission on multiple nodes

25 ©2021 ANSYS, Inc. / Confidential

\nsys






	Slide Number 1
	Battery Cell Thermal Runaway Modeling in LSDYNA
	Slide Number 3
	Our Solution for Single Cell 
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Battery Characterization using PyAnsys
	A Generic Battery APP
	A Generic Battery APP
	A Generic Battery APP
	Battery Characterization App
	Thank You 
	Backup Slides
	Indentation Model Setup
	Battery Postprocessing
	Small Spherical Indenter
	Solution Frameworks
	Cell Format Selector
	Cell Format Selector
	Calibrate R0, R10, C10 from HPPC test curves
	PyDYNA Script Snippets
	PyDYNA Script Snippets
	Post Processing with PyDPF
	Further Improvements
	Slide Number 26

