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Thermal Management

High Heat Generation

High Power
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Pouch Cell with Bottom Plate Cooling

coolant

cooling plate

battery cells
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Pouch Cell with Bottom Plate Cooling

coolant

cooling plate

battery cells

Temperature gradient

Aging Rate

Performance = f (T)
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Temperature and Thermal Gradients in Battery Cells

Performance – Life – Safety

10ºC < T < 35ºC

DT < 6ºC

▪ Heterogeneous resistance

▪ Uneven aging

▪ Localized heating

▪ Uncertain T monitoring

RequirementsEffects



5

MathWorks AUTOMOTIVE CONFERENCE 2023

Modeling and Simulation

▪ High fidelity

▪ Large model size

Requirements

Slow103 × 103 ~ 106 × 106

Effects
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Agenda

▪ Reduced Order Model of Battery Thermal Behavior

▪ FEA to System Level

▪ Find Temperature Distribution

▪ Solve in Simulink
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Battery Thermal Gradients - Research
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Yu et al., Distributed internal thermal monitoring of lithium ion batteries with 

fibre sensors - ScienceDirect

S. Goutam et al. 10.1016/J.APPLTHERMALENG.2017.07.206
https://www.sciencedirect.com/science/article/pii/S1359431117325565?via{%}3Dihub

Enabling Fast Charging - Battery Thermal Considerations (osti.gov)

NMC/graphite, End of a 2C constant current discharge.  SOC 100% to 0%

https://mediatum.ub.tum.de/doc/1388435/1388435.pdf
https://www.sciencedirect.com/science/article/pii/S2352152X22003188?via%3Dihub
https://doi.org/10.1016/J.APPLTHERMALENG.2017.07.206
https://www.sciencedirect.com/science/article/pii/S1359431117325565?via%7b%25%7d3Dihub
https://www.osti.gov/pages/servlets/purl/1408689
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Solution

▪ Thermal Domain - Reduced Order Model 

from FEA - PDE Toolbox

▪ Electrical Domain - Battery Cell -

Simscape Battery

Finite Element Analysis + System Level Simulation
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Model Reduction

PDE Toolbox
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Thermal Problem Model Reduction

SAND2010-6352 (osti.gov)

𝜌𝑐𝑝
𝜕𝑇

𝜕𝑡
− ∇ ⋅ k∇𝑇 = 𝑞 FEM 𝑀 ሶ𝑇 + 𝐾𝑇 = 𝑄

𝑀𝑟
ሶ𝑇𝑟 + 𝐾𝑟𝑇𝑟 = 𝑄𝑟

Reduction

Modes Φr

𝑀𝑟 = Φr
𝑇𝑀Φr

https://www.osti.gov/servlets/purl/991534
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Thermal Model Reduction - Workflow

1- Create geometry

2- Create thermal problem as ‘modal’

3- Assign material properties

model = createpde('thermal','modal');
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Thermal Model Reduction - Workflow

4- Mesh

model.generateMesh('Hface’,

{model.Geometry.cellFaces(1),0.03});
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Thermal Model Reduction - Workflow

5- Solve modal problem (no loads)

Rm = solve(model,'DecayRange',[-inf,0.05]);

s-1

s-1

s-1
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Thermal Model Reduction - Workflow

6- Reduce rom = reduce(model,'ModalResults',Rm);

Rm  15,684 × 15

rom
𝑀𝑟

ሶ𝑇𝑟 + 𝐾𝑟𝑇𝑟 = 𝑄𝑟
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System-Level Model

Simscape 
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Reduced Order Model in Simscape Language

𝑀𝑟
ሶ𝑇𝑟 + 𝐾𝑟𝑇𝑟 = 𝑄𝑟
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model
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𝑀𝑟
ሶ𝑇𝑟 + 𝐾𝑟𝑇𝑟 = 𝑄𝑟
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results



23

MathWorks AUTOMOTIVE CONFERENCE 2023

Temperature Distribution
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Summary

▪ Reduced Order Model of Battery Thermal Behavior

▪ FEA to System Level

Rm = solve(model,'DecayRange',[-inf,0.05]);

rom = reduce(model,'ModalResults',Rm);

▪ Find Temperature Distribution

▪ Solve in Simulink
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Outlook

▪ Experimental validation

▪ Improve geometrical description

▪ Electrochemical modeling

▪ Anything else?
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Learn More
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Thank You!

jgazzarr@mathworks.com

Questions or Comments?
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Extra Slides
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