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Recent History and Project Progression
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OE Annual Review Posters: Safety & Reliability

¥ QAKRIDCE The best approach is: Early Detection of Thermal Runaway Signals




ORNL-Sandia Test Procedures and Standards

@ 0.5 —

Thermal Runaway Testing !
* Indentation-induced Internal Short Circuit LAY
ORNL-Sandia Test Protocols: A B
Cycle cell 4 times at C/2 between 3.0-4.2V to EIRAL
determine SOC and discharge to test SOC

Hydraulic or servo-motor driven load frame

6 mm punch (as-shown in the picture)

0.05 inch per minute compressive loading
25 mV V__ drop
Hold the punch after short circuit

Temperature measurement:

5 mm from the indenter

At cell corners when possible

Sandia Labs Test Setup

¥OAKRIDGE g0 4ig Labs: Loraine Torres-Castro




Mechanical Abuse Thermal Runaway Tests: Visual Inspections
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Results: Severity Score Plots and Hazards Ranking/Prediction
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Acoustic Emission (AE) Battery Indentation Test

-

Listening Devices

%OAK RIDGE Monitoring Thermal Runaway: Imaging (watch), voltage, load, temperature
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Acoustic Emission to Detect Cell Internal Damage During Indentation Test
Data processing software

Preamplifiers  Data acquisition unit

Sensors
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AE Signals During Indentation Tests
During ISC
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Thermal Runaway in Thermal Abuse Tests - Initial Configuration
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Thermal Abuse Test: Improved Configuration

TC top Power supply

__ 42Vx15A

AE sensor

TC bottom
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Thermal Runaway in Thermal Abuse Tests - Heater on Cell Top
—T bottom —T top —T side —Voltage LCO 2Ah 100% SOC
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Asymmetric Thermal Abuse Signals

AE signals due to hating and gas generation

OAK RIDGE
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AE Waveforms Signa
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AE Frequency Signatures: Cracking, Gas Generation (Frequency Domain
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AE Data Analysis, Pattern Recognlhon (ML and Al)

Graphite - Gas Generation (143 AEs)

NMC811 - Particle Cracking (190 AEs enerated da
Principal Component Analysis (PCA) (06 21 At i} s o

ORNL_LCO20 Pre-ISC (22 AES) ORNL LCO 20% SOC test separated by
ORNL_LCO20 During ISC 12s (202 AEs) pre-voltage drop, during (12 sec.), and
e ORNL_LCO20 Post ISC subset (54 AEs) post- (temporary) voltage recovery

Data visualization and Feature Exiraction

0.015
Number of AE Features: n Recorded AE events: m 8010
» Spectral bandwidth sy '
» Spectral centroid ‘ 0.005
» Spectral flatness : - N
> Decay rate o ¢ 0.000
> Rise time/duration ratio £ - 1
> etc. e | b £ —0.005-
s = o vy = Q
. . ~0.010
n x 5 Covariant Matrix
. . —0.015 1
PC1 and PC2 are the maximum eigenvalues
l ~0.01 0.00 0.01
Scaling and Normalization Component 1
l In above plot, axes represent a complex mix of frequency
and time content. Each point represents one emission —

OAK RIDGE Clustering closer points represent more similar waveforms.
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Summary and Future Work

« Contfinue thermal runaway database development: user
download and upload, data utilization

e Expending acoustic emission (AE) testing to cylindrical cells

 Development of AE signal pattern recognition: Gas generation
vs Mechanical failure

 Thermal runaway early detection: thermally sensitive paint and
gas AE signals below 100°C
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Thank You!
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