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Heating Test
• 40W Kapton heater was used to initiate thermal runaway

1” x 2” – 20W/in2 or 2” x 2” – 10W/in2

• Heating rate was maintained at 10 ºF/min
• Cells were subjected to thermal runaway test at 6 different states-of-charge  

-100%, 50%, 40%, 30%, 15%, and 0%

2” x 2” Kapton 
Tape Heater

1” x 2” Kapton 
Tape Heater
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Heating Test
•Venting temperature

• Most of the cells followed similar trends, where temperature 
at which venting occurs increases (↑) as SOC goes down (↓)

• Except for Manufacturer D, E, and F (LFP & Pouch) –
venting temperature is around the same value 

•Thermal runaway onset temperature
• Onset temperature increases (↑) as SOC goes down (↓) 

except for manufacturer B (low-cost cells)
•Electrolyte leakage observed for all Manufacturers at all SOCs, except 
for Manufacturer B (no correlation) , and D (only low SOCs)
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External Short Test
• External short was carried out on cells that do not 

contain the internal PTC device. This includes low 
quality cells, pouch format, and LFP cells.

• The load was held for 3 hours, or until thermal 
runaway.

• Load used for the short was 8-10 mohms.

• Thermal runaway observed in 100% SOC for 
manufacturers B and G. 

• Melting tab prevented hazards in some cases (fail-safe 
conditions).

• BMS provided protection against external short for 
batteries and were removed for tests.

• Protection against external shorts was provided 
through BMS in batteries and PTC in cells for 
manufacturer H.
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