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Agenda

• Introduction to Modeling Battery Thermal Runaway

• Model Setup & Assumptions

• Model Building Workflow

• Results

– Case 1: 1C Discharge Transient

– Case 2: 1C Charge Transient

– Case 3: Thermal Runaway on Corner Cell

– Case 4: Thermal Runaway on Middle Cell

• Additional Features

– Electrochemistry Modeling

– Statistical Analysis using DoE
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Motivations for Simulation of Battery & Safety

• Engineers face challenges when designing 

systems involving batteries including:
– Battery selection

• How many cells are needed? How many in series/parallel?

• Pouch, cylindrical, prismatic geometry?

– Battery performance and degradation

• How long of a flight or duty cycle can the pack last?

• Is active thermal management strategy required for charging 

or discharging?

• How long will the batteries last?

– Battery safety

• How hot does the pack get?

• Is thermal runaway a concern?

• Vented or unvented pack?

• Multi-physics simulation can address these 

challenges

• This presentation shows the thermal runaway 

simulation of a NASA Orion module battery pack
Courtesy: Wikipedia, 

Dreamliner APU Li Ion Battery 

Pack

https://en.wikipedia.org/wiki/Boeing_787_Dreamliner_battery_problems#/media/File:1-7-12_JAL787_APU_Battery.JPG
By%20National%20Transportation%20Safety%20Board%20-%20http:/www.ntsb.gov/investigations/2013/boeing_787/photos/1-7-12_JAL787_APU_Battery_s.jpghttp:/www.ntsb.gov/investigations/2013/boeing_787/boeing_787.html%20(description),%20Public%20Domain,%20https:/commons.wikimedia.org/w/index.php?curid=24524953


GT-SUITE Electric Aircraft Multi-physics

Electrochemical

Electrical

Fluid Flow

Thermal

• Construct electric circuits and 

powertrain components 

including motors and electrical-

equivalent batteries

• Thermal Networks

• Finite Element Analysis

• World-leading 1D flow library

• Model any gas, liquid, or two-

phase fluid or mixture

• 1D and 3D cell electrochemistry

• Predictive aging analysis

• Comprehensive validated 

materials library

Integrated Systems

• Integrate physical domains 

together to build complete 

virtual integrated aircraft 

systems

• Create controls logic to 

command system response

• Build real-time capable models 

to interact with physical 

controllers

• 1D, 2D and 3D MBD

• Flexible and rigid bodies for 

pack stress analysis

Mechanical



Pack Geometry

• Due to export control, the exact geometry of the pack is not known, 

however, using references [1] and [2], the geometry can be closely 

approximated with the assumed dimensions:

– 18.3mm x 65mm with 9mil (23micron) wall thickness

– 17.84mm x 64.54mm jelly roll

– 1.3mm gap between cells in honeycomb pattern

– 16mm height lower heat sink capture plate

– 45mm height foam liner

– 7mm height upper capture plate



Battery Cell Inputs

• General specification of the Panasonic 

NCR 18650B can be found online [3]

– 3.2Ah rated capacity 

– 3.6V nominal voltage

– 48.5g weight

• Cell internal resistance vs. SOC at 

several temperatures [4]

• Cell open circuit voltage vs. SOC [5]



Pack Material Properties

Component Material
Density 
(kg/m3) Conductivity (WmK)

Specific Heat 
(J/kgK) Source(s)

Lower Aluminum 
Capture Plate

6061-T651 
Aluminum

2702 218@300K, 230@800K
903@300K, 
1146@800K

GT-SUITE Installation

Syntactic Foam Liner Syntactic Foam 640 0.115 1808
https://esyntactic.com/products-
solutions/insulation-materials/

Panasonic Cell Outer 
Sleeve

304 Stainless 
Steel

7900 14.9@300K, 31.7@1500K
477@300K, 
682@1500K

GT-SUITE Installation

Panasonic Cell Jelly 
Roll

Its complicated 100 3 1100 Unknown

Upper Capture Plate FR4 Fiberglass 1850
Anisotropic: 1.059 inplane, 

0.343 through-plane
1150 https://en.wikipedia.org/wiki/FR-4

Top Bus Bar Nickel 8885 90 502
https://www.engineersedge.com/properties
_of_metals.htm

Contact Resistance
Contact resistance between all components assumed to be 1/1000 m2K/W, except jelly roll to casing is assumed to be 1/800 to 

1/400 m2K/W as described in[6]

Physical Pack GT-SUITE Representation



Modeling Workflow in GT-SUITE

GT-SpaceClaim

▪ Create CAD model of 

battery pack

▪ 3 hours to setup

GT-ISE

▪ Set simulation 

parameters

▪ Define initial & 

boundary conditions

▪ Run simulations, DoE, 

optimization

▪ 3 hours to setup

GT-POST

▪ Analyze results and 

generate plots

GEM3D

▪ Convert imported CAD 

to FE components

▪ Export components to 

GT-ISE

▪ 2 hours to setup

Overall setup time – about a day

Time to run model – Clock time about 2-4x faster than simulation time 

(30min transient simulation takes 7-15min of clock time)

Parallel processing on 2 cores, 6060 FE nodes, 13706 FE elements



Model Setup Details

• 14 cells modeled in parallel with electrical equivalent internal resistance

• Current imposed through the pack at constant 1C charge or discharge

• Heat generation from cell internal resistance passed to thermal 

structure of the pack

• Pack outer walls can radiate to ambient environment at 20degC

• Bottom of lower capture plate conducts to 25C cold plate

• Controls parts used to trigger thermal runaway
Electrical Electrical + Thermal Electrical + Thermal + Controls



Case 1 – 1C Discharge

• Since all cells have the same internal resistance 

characteristics and initial state of charge, the current, 

temperature, and SOC is nominally the same for all cells

Transient Animation At End of Hour Run



Case 2 – 1C Charge

• Since all cells have the same internal resistance 

characteristics and initial state of charge, the current, 

temperature, and SOC is nominally the same for all cells

Transient Animation At End of Hour Run



Controls Setup For Thermal Runaway

• Model setup to allow any of the 

14 cells to be triggered for 

thermal runaway

• A trigger cell is first heated with 

60W on the jelly roll surface to 

180C

• If any jelly roll temp > 180C, 

trigger thermal runaway for the 

cell, at which point:

– Apply 40% or some fraction of total 

heat release on the jelly roll 

surface over a user specified 

period of 1.5sec ([2] slide 75) 

– Optionally apply 60% or some 

fraction of total heat release as 

ejecta over same 1.5sec period 

– Total energy released assumed 

70kJ ([2] slide 54, figure on right)

– Cell no longer part of the electrical 

circuit (infinite resistance on circuit)



Case 3 – Corner Cell Thermal Runaway

• Comparison to thermal runaway test ([2] slide 19, test run 3)

• Only the trigger cell goes into thermal runaway

• Max capture plate temp similar to test

• Max neighboring cell temp similar to test ~100degC

Test Results Model Results



Case 3 – Corner Cell Thermal Runaway

• Neighboring cell currents carry 

the load pretty well after the 

trigger cell goes into thermal 

runaway

• Syntactic liner and fiberglass 

top plate do good job insulating 

the trigger cell from neighboring 

cells



Case 4 – Middle Cell Thermal Runaway

• Only the trigger cell goes into thermal runaway

• Max neighboring cell temps ~ 90C during the event



Case 4 – Middle Cell Thermal Runaway

• Neighboring cell currents carry 

the load pretty well after the 

trigger cell goes into thermal 

runaway

• Syntactic liner and fiberglass 

top plate do good job insulating 

the trigger cell from neighboring 

cells



Including the Bus Bar

• The previous cases did not include the influence of the bus bar on the 

pack response

• One of the tests had ejecta from the trigger cell cause a short on the bus 

bar, sending a neighboring cell into thermal runaway
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Including the Bus Bar

• The model was extended to include the bus bar with 70% of the overall 

energy released to the ejecta and onto the bus bar near the trigger cell

– Each cell triggers into thermal runaway if top of cell casing > 180degC

– This causes the entire pack to go into thermal runaway

• As each additional cell goes into thermal runaway, the remaining live cells 

must carry more current, causing more stress on the given cells, further 

exacerbating the phenomena
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Case Setup for Design Space Exploration

• Each thermal runaway design 

case takes about 15 minutes, 

allowing for many design 

cases to easily be run to 

explore different scenarios

– Easily trigger different cells

– Perform statistical variation of 

energy released

– Perform statistical variation of 

fractional heat to various 

surfaces in the pack



Predict Instead of Impose Cell Performance

• Instead of imposing cell electrical characteristics using internal 

resistance curves, predict the characteristics with an 

electrochemistry model

• Benefits:

– Extrapolate to cell operating conditions not found on a spec sheet, for 

example at temperatures higher than 40C, the internal resistance is not 

well known for this cell

– Predict cell aging with limited aging data available to know how long the 

cells will last in space

– Predict detailed 3D heat generation rates inside the cell to provide more 

accurate boundary conditions to thermal structure

Aging test data available Model Prediction



Thanks for Watching!

Any questions, please email Jon Harrison at 

j.harrison@gtisoft.com
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