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Collaboration: Sandia Laboratories and Others
Sandia Laboratories: Protocols development, parallel testing database 
development

Collaborators: Loraine Torres-Castro, Josh Lamb, Yuliya Preger and Valerio 
De Angelis

University of Tennessee: Accelerating Rate Calorimetry (ARC), thermal 
runaway reactions and propagation

Collaborator: Professor Peng Zhang @ UT Space Institute Tullahoma TN

LG&E KU: Technology Research and Analysis Department, Kentucky's first 
and largest utility-scale energy storage system. On-site lithium-ion battery 
temperature monitoring directly supports the E.W. Brown Solar facility
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Safety Database

Thermal Runaway Severity

Project Goal: Develop a thermal runaway database to rank/predict hazard severity
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Mechanical Induced Short Circuit
• Mechanically induced internal short 

circuit
– Nail penetration
 Single-side indentation
– Pinch test (two indenters)
– Pinch-torsion, indent-torsion

• Real-time Monitoring: 
– Load, displacement, VOC and temperature

• Post-mortem Examination:
– X-ray computed tomography (XCT)
– Open cell examination
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ORNL and Sandia Testing Facility: Large Format Cells

2014-2022 
DOE 

VTO/NHTSA
DOE OE
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Extracting Li-ion Cells from Electrical Vehicles at ORNL 
(Chevy VOLT, Nissan Leaf and FORD Focus EV)
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Li-ion Cells: Disassembled EVs and Commercial Sources
Large-format Prismatic Cells Tested at ORNL and Sandia

2017 Chevy VOLT (26 Ah)

10 NMC Cells (5 SOC x 2) after Testing
Left to right: 0% SOC -> 100% SOC

2013 Nissan Leaf (33 Ah) Commercial LFP Cells (10 Ah)

10 LFP Cells (5 SOC x 2) after Testing
Left to right: 0% SOC -> 100% SOC

Commercial NMC Cells (10 Ah)
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Updated ORNL-Sandia Test Procedures and Standards

Updated Test Protocols:

• Cycle cell 3-5 times at C/2 between 3.0-4.2V to 
determine SOC and discharge to test SOC

• Hydraulic or servo-motor driven load frame

• 6 mm punch (most sensitive, small contact)

• 0.05 inch per minute compressive loading

• 25 mV Voc drop

• Hold the punch after short circuit

• Temperature measurement:
• 5 mm from the indenter
• At  cell corners when possible

Internal Short-ciruit Induced Thermal Runaway
• Mechanical abuse (indentation)

Select the most sensitive 
test to allow safety risk 
rankingThermocouple

Locations on
Large-format
Cells
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Thermal Runaway Risks for Li-ion Batteries (ORNL-Sandia)

Load Voltage Temperature

Small Cells Testing at ORNL:
SOC: 20%, 40%,60% 80%,100%
Capacity at 500, 1500, 200 mAhr
Number of Cells: 4 cells/condition

Test Data and Cell Information:
• Cell Capacity 
• Loading curve: before & 

after short
• Cell Voltage: drop and 

response
• Cell Temperature vs. Time 
• Open cell voltage
• Anode thickness
• Cathode thickness
• Separator thickness
• C/2 Charge curve
• 1C discharge curve

ESS Batteries at Various SOCs:
Sandia: 30%, 50%, 75%, 100%
ORNL: 20%, 40%,60% 80%,100%



1212

Thermal Runaway Severity: EUCAR vs Test Data-driven Severity Levels

ORNL-Sandia Test Data Based
Severity Levels Hazard Level Description Classification Criteria & Effect

0 No effect No effect. No loss of functionality.

1 Passive protection 

activated

No defect; no leakage; no venting, fire, or flame; no 
rupture; no explosion; no exothermic reaction or 
thermal runaway. Cell reversibly damaged. Repair of 
protection device needed.

2 Defect/Damage
No leakage; no venting, fire or flame; no rupture; no 
explosion; no exothermic reaction or thermal 
runaway. Cell irreversibly damaged. Repair needed.

3 Leakage

∆mass < 50%

No venting, fire, or flame; no rupture; no explosion. 
Weight loss < 50% of electrolyte weight (electrolyte = 
solvent + salt).

4 Venting

∆mass ≥ 50%

No fire or flame; no rupture; no explosion. Weight loss ≥ 
50% of electrolyte weight (electrolyte = solvent + salt).

5 Fire or Flame No rupture; no explosion (i.e., no flying parts).

6 Rupture No explosion, but flying parts of the active mass.

7 Explosion Explosion (i.e., disintegration of the cell).

Hazard Severity 
Level

Description

1 (VL, 0-10) Very low, instant local Joule 
heating, detectable voltage 

drops
2 (L, 10-25) Low, localized heating, small 

voltage drops and recovery
3 (M, 25-75) Moderate, localized heating 

spread, significant voltage 
drops, continued discharge 

after recovery 
4 (H, 75-90) High, heating due to 

chemical reactions, cell puff 
and gas release, voltage 

drop to close zero
5 (VH, 90-100) Very high, heating spread to 

the cell, heavy smoke and 
possible fire, voltage drops to 

zero

EUCAR Severity Levels 
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Calculation of Thermal Runaway Severity Score
Severity Score Calculation Based on Temperature and Voltage
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Results: Linear Change vs ”Step Change”

LCO Batteries: 500 mAh to 6400 mAh

NMC Batteries

LFP Batteries
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Formatted data file in ‘excel’ folder

Necessary columns
Time Load Voltage Time Temperature

Calculation file

CapacitySOC

Run 
code

Result worksheet

Code behind the worksheet

Thermal Runaway Severity Calculation Workflow

Severity score
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Search Database by Battery and Abuse Test Metadata (Host: Sandia Labs)
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New Detection Methods

Thermally Sensitive Paint Development

(Seedling)

Project Goal: 
Thermal runaway avoidance. Early detection of thermal runaway on every cell and large surface area
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Indirect Large Area Temperature Monitoring
Temperature-Sensitive Paint for TThreshold Monitoring
Carriers for paint need to have the following features:

 Stay normal within battery operation temperature
 Release chemical/gas T > TThreshold
 Non-line-of-sight (change of color is not an option)
 Detection via “smell” and gas detector 

Overheating

Smoke Alarm

Li-ion
Battery

Brush or Spray
Paint

(Web image)

Special Gas Release for Overheating

Mercapton Detector Heating

Thermal Runaway
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Experimental Setup and Demonstration of Thiol Release 

Over-temperature Detection

Coated Pouch on Hot PlatePaint Development
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Future Plan: ESS Reliability Safety Testing and Analysis Facility

Single Cells Database (ORNL-Sandia): 

 UL Standard, end-user upload

 Machining learning, prediction of hazard severity

NHTSA Electrical Vehicles -> battery Packs, module and cell:

 Thermal runaway testing

 Thermal runaway propagation studies

 Modeling and Simulations of battery failure

Battery Safety Technology Development and Demonstration:

 Thermal runaway warning system (paint development)

 Gas detection, BMS/TMS control, prevention mechanisms (isolation, 

lowering SOC, discharge)
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