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My neighbor Tonny asked: What not buy an electric car?
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BACKGROUND

Long-term
Safety

Short-term
Safety

TP (ISC) (TR)
xternal Triggers: Internal Short Circuit || Thermal Runaway Fire/Explosion
Short-term Safety 1 1

Internal Triggers:

Temp.t—>Gas—>Pressure
Long-term Safety -1 f

Energy Storage Materials, 2020
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FIRST TRY ON MODELING

since 2014
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Electrochimica Acta, 2017

Temperature

Voltage

Multiphysics modeling strategy
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FIRST MULTIPHYSICS MODELING
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FURTHER REFINEMENT

ISC triggering process can be investigated based on a detailed model
Indentation ) ISC triggering: Minor ISC — Major ISC
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A BRIEF SUMMARY
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Three milestone events

« Triggering of ISC —>

Evolution of

ISC —> -

Triggering of TR

Physics-based models

I

Mechanical model

Stress

[

Triggering criteria |
O Experimental data
>EI Theoretical model L

O Relatively inaccurate

|

Multiphysics model
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I
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FE Calculation

Q Accurate
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L
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Finial consequences
Thermal runaway or not?




A BRIEF SUMMARY

« Triggering of ISC —> « Evolution of ISC —> « Triggering of TR

Mechanical model

Stress
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Thermal runaway or not?
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Data generation: computational results

Step 1: Dataset creating
X: Strain tensor
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(2) Numerical simulation

~

Strain tensor field SU(X’ Y, Z)

pouch, prismatic

" cylindrical

Discretization and normalization

=1

Feature of the strain field

Mapping all points/ elements

I. h{'k.’hm:
‘C"P(xpv-}’w:p’sf) .
' 6 4

x4 h.fk.’hmr =0

X(S.r‘) = [;?g'kf‘nm:l
i, j k. l,mn

=0,1,2...10

|:gx='gj'9 g Dng':'gj: Dg:.\':l °

20 _ : i
g

Y: Safety risk
-1.0
40 Repeated test Short Circuit Possibility (Safety risk) Y 15+
5 i 3_. Safety risk < >
2 30—z { 2 - 5
-~ Test 5 ~
e I 28 Fo = N(u.g) oy g =
g 20nas & oy 3 E 1052
b 1>° X(sy) i n
10 L !
. . 5 — i ¥(i4) Force_exp
Q Les a2 Displacement B B --O--Force_sim
0 2 4 6 Y(s) ¥(s,) —O— Safety risk
Displacement, s (mm) 0 ; - ) - 0.0
0 2 4 6 8 10

Adv. Energy Mater., 2021

Displacement, s (mm)



MODEL PREDICTION

EMSLab

ENERGY MECHANICS AND
SUSTAINABILITY LABORATORY

Data-driven prediction results
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[2] Greve et al. Journal of Power Sources, 2012
[3] Xu et al. Engineering Failure Analysis, 2015
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HOW CAN WE TELL?
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Data-driven classification
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CLASSIFICATION RESULTS
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Data driven safety risk prediction
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SHORT-CIRCUIT RESISTENCE
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SHORT-CIRCUIT RESISTENCE EMSLab
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TECHNICAL TAKEAWAYS

* Battery safety and durability is a highly complicated problem

* Data-driven has demonstrated the strong capability to solve complex system problem
* Predict safety risk
* Classify safety status

* Predict the short circuit resistance (determinant factor)

What is next?



GRAND CHALLENGES
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1. Controlled lab tests
2. Field data
3. Model data

Challenges

* Inconsistent testing
methodologies

e Data missing, noise,
sampling frequency,

accuracy ...

[1] Zhu et al., J. Power Sources, 2018

Battery Safety & Durability » Battery Design, Manufacturing, etc.

>
>

Model-driven Description and Prognostic

Micro-scale

Meso-scale i Macro-scale System

Material science & Physics
e Cause of short circuit
Microstructure of materials
Deformation mechanisms
Microstructure-property
relationships
*  Anisotropy
Formation of shear band
Crazing of polymers

Friction

Continuum mechanics & Fracture Structural mechanics & Crashworthiness

e Structure/fluid interaction

Elasticity & Plasticity i« Design & Optimization
Rate-dependence

1. Physics-based model
1) Single physics
2) Multi physics
2. Control/Empirical model
3. Data-driven model

Fracture locus
Localization & Shear band

— Assumes the structure is homogenous Challen ges

- Provides structural response

Detailed model * Complexity vs.
— Includes all the components ..
Representative Volume Element - Obtains the deformation sequence Efficien cy
— Bridges the micro-macro gap — Studies the cause of short circuit ™ . . .
- Increase computational efficiency ° PhyS|Ca l INS lghtS VS.
= T Data fitting
Constitutive models & FE model of Components
- Fundamental understandings of the materials ° Le n gth Scal_e



GRAND OPPORTUNITIES

* Establish testing methodology for battery safety and durability
o Work with FM Global

* Establish shared database
* Work with some universities and companies

* Room for improvement
o Develop fast, safe, low-cost testing/characterization
o Dive deep into fundamental mechanism and develop new physics-based models
o Deal with multiscale descriptions
o ForML
o How to deal with insufficient data or missing data
How to deeply interact data-driven and physics
How to use ML in testing and characterization

o
o
o Howtouse LLM in collecting data and feed them into the database?
o
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