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; ‘ Project Overview: Motivation for Propagation Testing

How do these behaviors impact
a larger, more complex system?
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Reduce the risk of failure propagation with
active cooling following a model-based
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Alignment with Core Mission of DOE OE
OE drives electric grid modernization and resiliency in the energy infrastructure. Validated safety and
reliability are paramount to achieve that target. The identification of mitigation strategies to reduce

the risk of propagation move us further in that direction.
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Project Obijectives

Objective #1 — Modeling

Investigate the effect of active cooling on heat transfer and
provide a model-based experimental design

Objective #2 — Experimental

Reduce the risk of cell-to-cell propagation in multi-cells packs
and multi-module battery systems




Project Previous Work: Passive Mitigation of Failure Propagation
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* The impact of heat-absorbing metal plates between cells on cascading propagation was investigated.
* The plates provided an additional thermal mass to dissipate heat release, hence reducing the risk of propagation.
* Thicker plates completely mitigated propagation, while partial propagation was achieved for the pack with 1.6

mm plates.

* Thinner plates did not prevent cascading propagation, but they significantly reduced the overall heat release rate

and slow propagation across the stack.

L. Torres-Castro, A. Kurzawski, J. Hewson, J. Lamb, “Passive mitigation of cascading propagation in multi-cell lithium ion batteries,” Journal of the Electrochemical Society, vol. 167, 2020



Project Results: Predicting Thermal Runaway
by Randy Shurtz

Large-scale testing is costly and simulations allow exploration of the design space if well grounded in reality
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Measurements are reality but simulations allows us to better understand the behavior changes and

explore boundaries between mitigation/cascading failure

Objective #1 — Develop a model-based experimental design of promising pack configurations
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9 By Randy Shurtz
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Water cooling increases decay rate of tails, indicating more heat

transfer out of the stack

Objective #1 — Develop a model-based experimental design of promising pack configurations
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Water cooling increases decay rate of tails, indicating more heat

transfer out of the stack

Objective #1 — Develop a model-based experimental design of promising pack configurations
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Project Results: Experimental Design

Test apparatus
by Chris Grosso
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Project Results: Temperature Profi
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Objective #2 - Investigate the effect of

active cooling in the heat transfer




Project Results: Temperature Profile
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Project Results: Temperature Profile

Mitigation = Adjacent module exposed to

temperature between 100°C-150°C, reducing

the risk of thermal propagation
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Project Results: Hypothetical Adjacent Module Temperature Exposure
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Objective #2 — Investigate the effect of active cooling in the heat transfer
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Project Results: Overcharge Behavior with Air and Water Cooling
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Objective #2 — Investigate the effect of active cooling on the onset threshold to thermal runaway
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charging cycle divergence” (in preparation)

*Y. Preger, L. Torres-Castro, J. Langendorf, J. Lamb, C. Orendorff, B. Chamalala, “Review of the
safety of aged lithium-ion batteries as a function of aging protocol and abuse method” (in
preparation)

L. Torres-Castro, E. Deichmann, J. Lamb, J. Langendorf, S. Ferreira, S. Ivanov, M. Dubarry, A.
Pimentel, M. Rodriguez, J. Kustas, B. Juba, “Investigations of the Electrochemical and Material
Properties of Overcharged Li-ion Batteries” (in preparation)

*J. Stanley, L. Torres-Castro, J. Lamb, H. Wang, “Standardizing Li-ion pouch cell tests to aid in
thermal runaway predictions using machine learning” (in preparation)



(continuation)

Project #1

~ ORNL-
Establishing
thermal runaway
risk test '
protocols and Project #2
. database

18 ‘ LOOKING FORWARD
* Failure mechanisms of lithium-ion batteries up to thermal runaway

e Understanding and mitigating cascading propagation (continuation)

e Off-gassing analysis of lithium ion batteries during thermal runaway as a
function of chemistry and state of health
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For further details on experimental work, see the following posters:

Predicting Thermal Responses for Actively Cooled Designs Following Thermal Runaway
Materials characterization of abused cells

ARC of Large Format Cells
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