
1

C O M B I N I N G  F R A C T I O N A L  C A L O R I M E T R Y  W I T H  
S T A T I S T I C A L  M E T H O D S  T O  C H A R A C T E R I Z E  
T H E R M A L  R U N A W A Y

Advanced Automotive Battery Conference
May 24th-25th, 2019
San Diego, California

William Walker, Ph.D. 1,2

william.walker@nasa.gov

Additional Contributors: John Darst 1,2, Donal Finegan, Ph.D. 3, Peter J. Hughes 1,2,4, 
Saul Pizano 1,2,4, Eric Darcy, Ph.D. 1,2

1National Aeronautics and Space Administration (NASA) 
2Johnson Space Center (JSC)
3National Renewable Energy Laboratory (NREL)
4University Space Research Association (USRA)









N A S A  J O H N S O N  S P A C E  C E N T E R 21

S N E A K  P R E V I E W  O F  N E W  C A PA B I L I T I E S

�¾ Actively working to address the unique challenges associated with pouch cell thermal runaway events which requires a 
substantially different FTRC architecture

�¾ Not all applications utilize small format Li-ion cells �t ���v�}�š�Z���Œ�����(�(�}�Œ�š���]�•���µ�v�����Œ�Á���Ç���š�}�������À���o�}�‰���&�d�Z�����(�}�Œ�������o�o�[�•���Á�]�š�Z�������‰�����]�š�]���•���E100 Ah
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F T R C  R E S U LT S :  C H A R A C T E R I Z AT I O N  O F  TO TA L  E N E R G Y  R E L E A S E

�¾ Using Visual Analytics platform, Tableau, to compare data with rapid filtering capability; i.e. instantly compare based on cell 
���˙�����U�������]�P�P�������u�����Z���v�]���u�U���(���]�o�µ�������u�����Z���v�]���u�U�������o�o���������]�P�v���À�����]�����o�����U�������Y��

�¾ Since no two thermal runaway events are the same, test-to-test variability must be taken into consideration for any scientific 
effort that seeks to characterize the overall range of expected thermal runaway behavior for a given cell type

Test-to-Test Variability 
in Total Heat Output

Cell Type

Test ID

Trigger
Mechanism
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F T R C  R E S U LT S :  C H A R A C T E R I Z AT I O N  O F  TO TA L  E N E R G Y  R E L E A S E

�¾ It is helpful to consider the variability of thermal runaway energy release as a statistical distributionto help answer the 
following questions:

o What is the highest probability energy release? What is the lowest?
o What is the absolute maximum energy release one could expect? Minimum?
o How do different cells, of similar capacities, compare in thermal runaway heat output?

Range of Heat 
Output Possibilities

Probability 
Density

Highest 
Probability Event
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�¾ It is helpful to consider the variability of thermal runaway energy release as a statistical distributionto help answer the 
following questions:

o What is the highest probability energy release? What is the lowest?
o What is the absolute maximum energy release one could expect? Minimum?
o How do different cells, of similar capacities, compare in thermal runaway heat output?

Distributions for 24 cell types, spanning 3 cell formats, derived from 237 FTRC experiments
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F T R C  R E S U LT S :  C H A R A C T E R I Z AT I O N  O F  TO TA L  E N E R G Y  R E L E A S E

�¾ In addition to consideration of test-to-test variability, average total heat output should be considered as a function of trigger 
mechanism; for this study we have heater trigger, internal short circuiting device (ISC) triggered, and nail penetration

�¾ Nail penetration usually leads to the least violent thermal runaway events while heater induced thermal runaway results in 
more violent failures

�¾ In some cases (Saft D-VES16), the internal short circuiting device results in the worst case failure

Cell Type

Trigger
Mechanism

Heater Averages

Nail Average
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�¾ The calculated energy fractions are traceable to every calorimeter assembly, sub-assembly, and individual component
�¾ The primary assemblies used for fractional calculations are the following:

o Cell Chamber Assembly (Red)
o Positive Ejecta Mating Assembly (Indigo)
o Positive Ejecta Bore Assembly (Indigo)
o Negative Ejecta Mating Assembly (Black)
o Negative Ejecta Bore Assembly (Black)

Middle Ring:Indicates 
calorimeter sub-assemblies

Outer Ring: Corresponds to components 
of the calorimeter sub-assemblies

Inner Ring: Characterizes the division of total TR energy release where red 
corresponds to the cell casing, indigo to the positive ejecta and gases, and black 
to the negative ejecta and gases
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�¾ Very important to consider the energy release fractions as a function of BOTH trigger mechanism and failure mechanism

Cell Type

Failure
Mechanism

Negative Ejecta 
Energy Cell Body Energy Positive Ejecta 

Energy

Trigger
Mechanism
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S U M M A R Y

�¾ FTRC techniques and the associated results provide the means to develop optimized Li-ion batteries while also maintaining 
necessary safety and margin

�¾ FTRC, and the associated results, enables the discernment of the fractions of thermal runaway energy released through the cell 
casing and through the ejecta material:

o Due to the variability in thermal runaway responses, we recommend at least 10 runs to establish statistically defendable results
o Can analyze the spread of heat sources when cells rupture and compare to when they remain intact

�¾ There is not a linear correlation between stored electrochemical energy and total thermal runaway heat output
�¾ Thermal runaway behavior should always be considered as a function of:

o Cell format and associated design variables
o �d���]�P�P�������u�����Z���v�]���u�����v�����(���]�o�µ�������u�����Z���v�]���u���~�]�X���X�����}�����À���v���U�����}�����}�u���À���v���U�����]�������`���o�o�����µ�����µ�����U�������]�v���P���}�}�À���������������Z�U�������Y��
o Test-to-test variability and the associated statistical distribution
o Both as TOTAL energy release and as energy release FRACTIONS

�¾ Recent findings suggest that thermal runaway heat output should be considered as a function of cell lot
�¾ Average total heat output should be considered as a function of trigger mechanism:

o Nail penetration usually leads to the least violent thermal runaway events while heater induced thermal runaway results in more violent failures
o In some cases (Saft D-VES16), the internal short circuiting device results in the worst case failure
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