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Thermal Runaway Risks vs. Safety

• Li-ion batteries of any size and capacity have 
risk of thermal runaway

• Risk does not mean unsafe: managing risk is 
the key for safety

• Knowing the thermal runaway risk factor 
allows Li-ion cells to be compared

• This project is a joint effort by ORNL and 
Sandia to develop a Li-ion battery thermal 
runaway risk database
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Single Cell Testing Facilities at ORNL

1’ x 1’ x 2’ Chamber: 3 Ahr 5’ x 5’ x 5’ Chamber: 33 Ahr
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Thermal Runaway vs. Normal Cell Response
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➢ Cell with special separator has lower risk of thermal runaway than regular cell

Wei Cai, Hsin Wang, Edgar Lara-Curzio and Hossein Maleki, “Internal Short Circuit Testing of Prismatic Li-ion Cells: An Improved 

Pinch Test with Multiple Parameter Controls”, Journal of Power Sources, Volume 196, Issue 18, pp7779-7783 (2011)
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Pinch test can help distinguish cells with different 
thermal stability characteristics

Cell type Vocv (V) Discharge capacity 

(mA•hrs)

No. of cells 

tested

No. of cells thermal 

runaway

Li-ion A 3.8 340 30 0

4.0 590 6 0

4.1 680 6 2

4.2 770 6 6

LIP B 3.7 160 6 0

3.9 880 6 0

4.0 1180 6 6

LIP C 3.7 160 6 0

4.0 1160 6 0

4.1 1350 6 4

4.2 1490 6 6

➢ The risk of thermal runaway during ISCr increases as the cells’ state of charge and capacity increase!

➢ Pinch test still created larger damage areas to allow more sensitive evaluations
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Evaluate Thermal Runaway Risk

Hazard Level USABC description

Level 0 No effect

Level 1 Reversible loss of function

Level 2 Irreversible defect/damage

Level 3 Leakage, mass loss <50%

Level 4 Venting, mass loss >50%

Level 5 Fire or flame

Level 6 Rupture

Level 7 Explosion

TRR Score Damage Description Equivalent USABC 

Hazard Level 
Voltage Temperature

0
Soft short, small drops 

and recoveries

No significant 

temperature rise (< 30oC)
0-1

50
Continuous voltage drop 

without recovery

Significant temperature 

rise (30-100ºC)
2-3

100 Quick voltage drop

Rapid temperature rise 

(> 100ºC within 2-10 

seconds)

4-7
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Thermal Runaway Risks of 1150 mAh and 2500 mAh Cells

Cell

type Voltage(V)

Average 

Discharge 

capacity (mAh)

Number

of test

Failure 

load 

(N)

Individual TRR Score

Average 

TRR 

Score

A

As received Unknown* 6 -714 ± 19 0 0 0 0 0 0 0

3.9 683 6 -771 ± 40 0 0 0 0 0 0 0

4.0 873 6 -778 ± 31 0 0 0 0 0 0 0

4.1 1000 6 -698 ± 32 0 0 0 50 0 0 8.3

4.2 1125 6 -797 ± 64 0 100 0 100 100 100 66.7

B

As received Unknown* 6 -1217 ±
44

0 0 50 0 0 0 8.3

3.9 1507 6 -1206 ±
27

0 0 0 0 0 0 0

4.0 1925 6 -1183 ±
41

0 0 0 0 0 0 0

4.1 2222 6 -1220 ±
48

0 0 0 0 0 0 0

4.2 2503 6 -1157 ±
76

0 0 0 0 100 0 16.7

Pinch + Torsion tests are more sensitive to compare cells
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Large Format LFP and NMC Cells

Cell Voltage
(V)

Capacity
(Ahr)

SOC % Number of 
Tests

Number of 
thermal 
runaway

Safety 
Score

Thermal 
Runaway 

Risk

LFP 

Cells

3.33 16.2 90 5 0 100 0

3.43 18.0 100 4 0 100 0

Cell Voltage
(V)

Capacity
(Ahr)

SOC (%) Number of 
Tests

Number of 
thermal 
runaway

Safety 
Score

Thermal 
runaway 

risk

NMC 

Cells

3.68 12.5 50 4 0 100 0

3.71 15.0 60 6 3 50 50

4.00 20 80 1 1 0 100

4.05 23 92 1 1 0 100

LFP Cells

NMC Cells
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Development of Thermal Runaway Database

• Available information from commercial cell 
specs

• Cell testing: Charge/discharge and HPPC

• External short circuit

• Low SOC indentation

The key is to select a sensitive test to 
mechanically induce an internal short 
circuit
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Load, Voltage and Temperature: 50% to 100% SOC
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60% SoC_Test1
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70% SoC_Test1
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500 mAh LCO Cells:  

Voltage drop: 200 mV

Action: Stop and reverse

Cell Response:

• Load at short

• Displacement at short

• Voltage drop: rebound or 

continuous discharge

• Temperature rise: maximum 

temperature

Voltage Rebound

Voltage Rebound

Thermal Runaway:

• No

500 mAh Cells

Voltage Rebound

50%
50%

60% 60%

70% 80% 90% 100%
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Development of Thermal Runaway Risk Database: Large Format Cells

Nissan Leaf Battery Pack

Nissan Leaf Battery Modules Disassembled Module Individual Cells (32 Ah)

Large Format Nissan Leaf Cells to be Tested at ORNL and Sandia

2017 Chevy Volt Chevy Volt  Battery Pack Chevy Volt Modules Chevy Volt Cell
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Probing A Nissan Leaf Cell: 
Charge and discharge cycling tests

Current profile for charge and discharge cycles. Voltage profile for charge and discharge cycles.
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Hybrid Pulse Power Characterization (HPPC)

• Low current HPPC tests conducted at 10°C, 
25°C, and 40°C

• Discharge pulses at 10% SOC
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Develop ECM from HPPC Battery Cell Data

z = state of charge (SOC)

i = current in the cell

Q = total capacity of the cell

OCV = open circuit voltage

R1, C1 = parallel resistor-capacitor circuit

R0 = equivalent series resistance

iR1 = current thru R1 branch of R-C circuit

+

–

R0

C1

R1

OCV(z(t))

v(t)

+

–

Equivalent circuit model for the Nissan 
Leaf battery cell represented by a 
series resistance (R0) and a parallel RC 
pair (R1, C1).
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State of Charge (SOC) 

calculated from current profile

Open circuit voltage (OCV) 

determined from HPPC data

RC parameters calculated from 

discharge pulse

Time constant determined by 

exponential curve fit

Parameters Determined from Cell Tests
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Chevy Volt and Nissan Leaf Cells

As-received Chevy Volt Cell

DV = 0.1V

DT = 41ºC

No thermal runaway

DV = 0.15V

DT = 20ºC

No thermal runaway

As-received Nissan Leaf Cell
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ORNL and Sandia Joint Efforts

Development of Test Protocol Parallel Cell Testing

Over 24 Nissan Leaf

cells were sent to Sandia

in January 2019

Parallel testing planned to

develop the database
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Summary

• ORNL and Sandia teams are developing a 
thermal runaway risk database

• Preliminary protocols and cells testing have 
been carried out

• Data analysis and development of methods to 
predict thermal runaway risks are underway

• Inputs are welcome to help us developing the 
database


