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Our research interest

Batteries at different levels
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Our research activities: in the real world
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Our research activities: mainly computer-based
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TRA445 :
Advanced Battery Modelling and Control Battery course is open for

Tracks Project Course (7.5 credits) both acad emia and industry
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Battery Management Systems (BMS)
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State of Research: Battery thermal safety

Yicun Huang, Researcher

_. ") | /\ and MSCA Fellow
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Sources: Web of Science and CiteSpace
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State of Research 2014-2018

* Simplified to the underlying

~_/__\_ thermal dynamics within LIBs

* Foundational understanding of

the critical parameters
L d"'ect_lon_‘a/lﬁi m!tlgatlon * Does not capture real-world
[\-f\ q behaviors
TN Y Feng XNT200Y)
ermal run |

Weature )
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Sources: Web of Science and CiteSpace Kim et al. Modeling and prediction of lithium-ion battery thermal

runaway via multiphysics-informed neural network
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State of Research 2019
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* Localized temperature
variations

ﬁ * Multi-phase reactions

» Spatial heterogeneities
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Zhang et al. A Critical Review of Thermal Runaway Prediction and Early-
Warning Methods for Lithium-lon Batteries. 2023
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State of Research 2020-2022

* Thermal barriers, cooling

channels, and phase
eanalytlca 10del - )fﬂ\ * Temperature thresholds,
edirectio

Q naI itigation pressure buildup, and gas
7 0% /‘ W °* Py, - emissions
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Sources: Web of Science and CiteSpace

Cooling plate Cell 1 - front side
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* Interactions across 100+ of cells
within a confined space

State of Research 2023 to present

* Propagation control and
containment

* Multiscale modeling, fire-resistant
materials and venting designs

Combustible gases are ignited
Ejected particles by elevated-temperature particles
o

‘ Lai X (229588
eng XN(2018)" &
— — )

Meng XD (2022)= w
%P large-scz :—nﬂ'ﬂlumdw@'

Sources: Web of Science and CiteSpace
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/ Battery under venting
Battery under combustion

Wang et al. Revealing particle venting of lithium-ion
batteries during thermal runaway. eTransportation. 2023
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Outline

* Vehicle-level experiments and analysis
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Background

Research project

RESEARCH.chalmers.se

Thermal safety management for vehicle

battery systems VINNOVA

Sweden’s Innovation Agency Torsten Wik
Professor at Chalmers

Paper manuscript

Electric Vehicle Thermal Runaway: Insights from Vehicle-Level Experiments
and Analysis

Jinghan Zhang®®*, Qingbo Zhu®, Zhenpo Wang*®, Peng Liu**, Yicun Huang®, Tengfeng Jiang®°, Ni Lin®®,
Quan Sun?, Zhiwei Zhao?, Zhu Yana*P, Shengxu Huang®®, Zirun Jia®®, Torsten Wik¢, Changfu Zou®**
“National Engineering Research Center for Electric Vehicles, Beijing Institute of Technology, Beijing, 100081, China
bSchool of Mechanical Engineering, Beijing Institute of Technology, Beijing, 100081, China
“Department of Electrical Engineering, Chalmers University of Technology, Gothenburg, 412 96, Sweden

4Viridi E-mobility Technology (Ningbo) Co., LTD., Ningbo, 315336, China

Zhang, J., et al. Electric vehicle thermal runaway: Insights from Changfu Zou FeESOC # CHALMERS
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Vehicle-level experiments: Vehicle and battery

(a) (b) SV: Safety valve. In/Out: Coolant. TR: Thermal runaway
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Vehicle-level experiments: Equipment setup

Thermal
Radiometer

-
fr N\
=
v

Industrial Camera

y

Safety Valve &
Pressure Collector

Supervisor Computer &
Data Acquisition System

Thermal Imager

Firefighters
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Vehicle-level experiments: Observations
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Vehicle-level experiments: Analysis

Latency stage of EV thermal runaway:

remained stable initially,
with minimal pack-level impact.

showed no visible
damage.

minimized losses,
enabling potential vehicle recovery.
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Vehicle-level experiments: Analysis
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caused sharp
voltage drops;

initially slowed
propagation but reached saturation.
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Vehicle-level experiments: Analysis

Fire stage of EV thermal runaway:

» The maximum temperature

thick black large , and

in cells due to electrical
arcing (tires insulated, no grounding);

in the pack
(<atmospheric pressure).
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Outline

* Qur further research toward safety
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Further research toward safety: Optimized cooling

d I's(lV > eess > arXiv:2409.08974

Electrical Engineering and Systems Science > Systems and Control

[Submitted on 13 Sep 2024]

Thermal Modelling of Battery Cells for Optimal Tab and Surface Cooling
Control

Godwin K. Peprah, Yicun Huang, Torsten Wik, Faisal Altaf, Changfu Zou

Optimal cooling that minimises thermal gradients and the average temperature is essential for enhanced battery safety and health.
This work presents a new modelling approach for battery cells of different shapes by integrating Chebyshev spectral-Galerkin
method and model component decomposition. As a result, a library of reduced-order computationally efficient battery thermal
models is obtained, characterised by different numbers of states. These models are validated against a high-fidelity finite element
model and are compared with a thermal equivalent circuit (TEC) model under real-world vehicle driving and battery cooling
scenarios. lllustrative results demonstrate that the proposed model with four states can faithfully capture the two-dimensional
thermal dynamics, while the model with only one state significantly outperforms the widely-used two-state TEC model in both
accuracy and computational efficiency, reducing computation time by 28.7\%. Furthermore, our developed models allow for
independent control of tab and surface cooling channels, enabling effective thermal performance optimisation. Additionally, the
proposed model's versatility and effectiveness are demonstrated through various applications, including the evaluation of different
cooling scenarios, closed-loop temperature control, and cell design optimisation.

Model Predictive Cooling Control of Cylindrical Battery Cells Through
Tab and Surface Channels

Godwin K. Peprah, Torsten Wik, Yicun Huang, Faisal Altaf, Changfu Zou

Manuscript 690 submitted to 2025 American Control Conference (ACC).
Received October 2, 2024
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Further research toward safety: Optimized cooling
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Further research toward safety: Optimized cooling (modeling)
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Further research toward safety: Optimized cooling (control)
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(Vehicle
Control Unit)
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Simulation results on cell level
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Further research toward safety: Simulator of short circuits
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Further research toward safety: advanced sensing (literature)

Ultrasonic sensors Normal Cell Torres-Castro et al. (2024). J. Electrochem Soc, 171(2), 020520.
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Further research toward safety: advanced sensing

 We collected 3 datasets from diverse cells (different sizes and chemistries).
* Developed explainable machine learning models to fuse different signals, e.g. for SOC estimation. ‘,“
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