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Background

• Mechanical 
abusive loading

• Li plating

• Li dendrite

• Particle crack

• Separator 
failure

Liu et al., Energy Storage Materials, 
2019
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ALTAIR STATUS
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Very good fit of the test results 

Altair Radioss™- Battery Modeling Under Mechanical Loads  

Homogenized material 
used with continuum mesh 
inside the cells 

Failure model Elham Sahraei research 
(MIT Battery Consortium, Temple University) 

/FAIL/Sahraei into Radioss

MIT Battery Research 2016-2019
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Full Car Crash Model Application

Damage in front of the B-pillar

Large relative displacement of the 
battery
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MECHANICAL AND ELECTRO-THERMAL 
BATTERY CELL SIMULATIONS
VALIDATION OF THE METHOD 
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Background
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• Collaboration
o Altair Engineering 

o Professor Jun Xu  - Vehicle Energy & Safety 

Laboratory (VESL), NC Motorsports and 

Automotive Research Center, UNCC

• Objective: Validate a method to calculate the risks of 

thermal runaway 

The validation is based on comparing numerical results 

and experimental data
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Cell experimental setup and simulation models 
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• Thermocouples are usually set at the center 
of the battery;

• The force, voltage and temperature are 
measured at the same time;

• Loading rate: 5 mm/min.

Temperature Points

Compression Indentation Three-point bending

10 mm

50 mm

CPU Time : 451 s.                        509 s                                  3273 s

• Number of elements:   31.425
• Element time step: 4.27 10-7 s
• Nodal time step : 12.00 10-7 s 

NCR 18650B battery, 30% SOC 
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Experimental Data => Mechanical & Electrical Cell Characteristics 
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Mechanical characteristics of the 
Homogenized material 

Electric characteristics : short circuit resistivity 
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Power losses curve
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y=1/(a+bxc)
a=8.3
b=-8.33
c =0.576

Power loss (W/mm3)

Strain

εISC=0.43

• Strain < 0.43  Power loss = 0
• Strain ≥ 0.43  Power loss =  curve

ε33

Experimental value => ISC strain 43%

Power losses curve due to internal short circuits 
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Multiphysics Coupling Methodology
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Mechanical 
analysis

(Radioss)

Power density
=f(strain)

Transient 
thermal analysis

(Optistruct)
Temperature field 

Mechanical 
analysis

(Radioss) 

Electrical
Analysis

(Flux)

Stress/ strain field Mechanical 
Properties

Cell model
Components 
mechanical 
properties

Macroscale simulation : Homogenized elementsMicroscale Homogenization

Components 
electro-thermal  

properties
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Thermal results
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Compression Indentation

0 20 40 60 80 100
0

10

20

30

40

Fo
rc

e,
 F

 (k
N

)

Time, t (s)3

Experiment
 F
 T

Simulation
 F
 T

20

30

40

50

Te
m

pe
ra

tu
re

, T
 (?

)

0 30 60 90 120 150
0

5

10

15

Fo
rc

e,
 F

 (k
N

)

Time, t (s)(

Experiment
 F
 T

Simulation
 F
 T

20

30

40

50

Te
m

pe
ra

tu
re

, T
 (?

)

Temperature

Power density

Temperature

Power density

ISC ISC

• Model can well predict the experiments in the two loading conditions
• The three points bending test did not damage with ISC 

SOC=0.3, crush velocity =5 mm/min
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ALTAIR BATTERY DESIGNER
PROJECT



© Altair Engineering, Inc. Proprietary and Confidential. All rights reserved.

“Altair Battery Designer” Consortium 
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Initial duration : 3 years *

Advantages for the members:
• Involved in the R & D strategy and major decisions
• Access to the beta versions of the B.D. solution 
• Access to all the validation materials (tests, simulations)

• Yearly workshops

• 2 years free usage at the end of the consortium with access to all 
releases during this period **

• Reduction of time to design a battery pack 

• Understanding of the multi-physic behavior 

150

NCAP

Fraunhofer 
Institute
Carhs 

Develop a battery designer tool to:
• Build a FE model of the battery (cell, module, pack) to improve and/or validate the design of the components and/or the 

complete battery pack under mechanical hazards at short and long terms. Mechanical - Electrical - Electrochemical -
Thermal behaviors .

• Optimization of the battery components and the pack taking into account the Multiphysics aspect (Mechanical -
Electrical - Electrochemical - Thermal behaviors - over voltage, …) for over and “standard” loads.



THANK YOU
altair.com

#ONLYFORWARD


