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Project Overview

A To develop a Li -ion battery thermal runaway risk database
for energy storage systems

A It is important to understand and manage the safety risks

of Li-lon batteries in energy storage systems, especially for
thermal runaway

A This work fits specifically into OE efforts to ensure a resilient,
reliable, and flexible electricity system

Ultimate Goal: Select a Li-ion cell with unknown safety risk;
perform a single indentation test; use the database and

machine learning prediction tools to rank/predict the cell
thermal runaway risk
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Thermal Runaway Risk Database Development

A Project Period: FY18FY20 (actual start in June 2018)
A Annual Budget: $300K (ORNL)

A Project Team: Collaboration with Sandia National Laboratory
(J. Lamb, J. Stanley and L. Torres -Castro)

A Project Milestones:
0 Complete 33 Ah and 26 Ah cells testing at ORNL and Sandia
o Data Analysis: Rank the cells in terms of thermal runaway score
0 Expand database covers wide ranges of cells, capacities, chemistries
o Data analyzed using machine learning tools: Basic and advanced
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ORNL-Sandia Test Procedures and Standards

Internal Short -ciruit Induced Thermal Runaway

A Mechanical abuse (indentation) e OSSNy
A Thermal abuse % /@
. ap for 1/4-— : ap for 1/4-2 —/ :
A Electrical abuse THET THL |
NHE MHE
0.625 :: :: 0.625 \[} ”
Final Test Protocols: i"’ Y ¢ | R
. A | A |
A Cycle cell 5 times at C/2 between 3.0 -4.2V to 0.62 | 0.8
determine SOC and discharge to test SOC
@ 6 mm —P 8 mm
Hydraulic or servo -motor driven load frame .,
ELC-2019.03.001 v Scale: 1.g5:1
. Dimensions: inches (unless | Material: stainless steel
6 mm punch (most sensitive, small contact) eimmected __|_____
Edgar Lara-Curzio |  ORNL | March 2019

0.05 inch per minute loading

Select the most sensitive
test to allow safety risk
ranking

o o Do Do

100 mV Voc drop

A Hold the punch after short circuit
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Challenge: Source of Li -ion Cells with No Strings Attached

Large Format Cells Tested at ORNL and Sandia
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ORNL Testing Facility: Large Format Cells
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Sandia Efforts: Large Format Cells Testing, Data Analysis

Voltage and Temperature

Nissan Leaf Cell in Sandia Test Chamber o
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Thermal Runaway Risks for Li -ion Batteries (ORNL -Sandia)
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Small Cells Testing at ORNL.:

SOC: 20%, 40%,60% 80%,100%
Capacity at 500, 1500, 200 mAhr
Number of Cells: 4 cells/condition
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ESS Batteries at Various SOCs:

Sandia: 30%, 50%, 75%, 100%
ORNL: 20%, 40%,60% 80%,100%

—

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
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Example of Traditional Data Analysis

Test Data and Cell Information:

Cell Capacity (mAh) 500 500 500 500 500
SOC % 209 4094 60% 80%4 1009
Test Cell Capacity (mAh) 100 200 300 400 500
Voc (V) 3.75 3.784 3.861 3.991 4.147
V drop Initial (V) 0.25 2.284 0.351 3.581 3.955
V at 300 sec (V) 0.0183 0.095 0.407 0.15595 0.033564
Sumof VDt (V-Sec) 120.63 110.44 220.09 77.17§ 29.462
Load at failure (Ib) -338 -337.54 -345.7 -355.1§ -353.87
Load during hold (Ib) -81.79 -88 -131.4 -170.04 -147.09
Temp Max 79.83 78.055 82.93 81.913 86.655
Sum ofDT*Dt (K-Sec) 6685.3 8093.482 10168.27 14668.71 17089.57
Time to reach Tmax (sec) 62.57 33.6 61.2 60.8 57.8




Chevy VOLT Test Data and Nissan Leaf Test Data

Foresoc 40% SOC
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