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4a-engineering - Business Units

From draft to craft ï

Engineering, simulation 

and prototyping

Product 

development

Optimized packages for 

common material models 

for LS-Dyna, PamCrash 

and Abaqus.

Validated material 

cards

Seamless testing and 

simulation solution for 

automated material 

characterization

Testing hard- and 

software
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Static and dynamic 

material characterization 

from specimen to 

component validation ï

all under one roof

Material 

characterization
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4a engineering ïefficient characterisation and modelling

Testing IdentificationMaterial Material model

FE ModelTesting IdentificationBattery Cell

https://www.4a-engineering.at/downloads/matpackages.pdf
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ÁThermo-mechanical behaviour of pouch foils

ÁModelling and validation in LS Dyna
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ÁPart II: Impact of cell thermal runaway on polymeric/SMC battery pack cover
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role of cell 

casing:

(e.g. pouch 

foil)

Motivation
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Abuse scenarios of battery cells:

deformation, crash

Ą causes short 

circuit between 

electrodes (ISC)

mechanical abuse

ISC generates heat 

due to high current

electrical abuse

heat input activates 

exothermic 

reaction of cell 

constituents

thermal abuse

Å environmental 

protection

Å keep electrolyte 

within cell

once ruptured:

Å loss of electrical 

function

Å electrodes 

prone to SC

Å protection 

against 

electrical fields 

(dielectric 

strength)

Å sustain 

overpressure 

due to gas 

generation

in case of TR:

Å rapid gas 

generation

Å rupture 

Å venting
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role of cell 

surroundings 

(e.g. pack 

cover

Motivation
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Abuse scenarios of battery cells:

deformation, crash

Ą causes short 

circuit between 

electrodes (ISC)

mechanical abuse

ISC generates heat 

due to high current

electrical abuse

heat input activates 

exothermic 

reaction of cell 

constituents

thermal abuse

Å load transfer in 

case of crash

Å protection 

against 

electrical fields 

(dielectric 

strength)

once venting 

occurs:

Å sustain 

overpressure 

due to gas 

generation

Å sustain hot gas 

flow

Å no fire outside 

of battery pack
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before and up to ISC: 

Ą thermo-mechanical cell behaviour 

needs to be modelled 

Ą part I with focus on pouch cell casing

Motivation
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after ISC / in case of TR: 

Ą interaction between cell and 

surroundings needs to be considered 

Ą part II: example smc battery pack cover

thermo-mechanical behaviour and erosion 

in TR
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ÁComposite of thin foils glued together
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Mechanical characterization
Pouch foil constitution

Layer material thickness Area weight
M SD g/m²

Polyamide (JIS Z1714) 0.025 0.0025 -
Adhesive (Polyester-polyurethane - - 4-5
Aluminium foil (JIS A8021) 0.04 0.004 -
Adhesive (Urethane-free Adhesive) - - 2-3

Polypropylene 0.04 0.004 -

Total 0.111 0.011

Al

PA6

PP
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Áhigher velocity vč:

ÁForceĄ„č

Á failure strains ‐Ď

ÁHigher Temperature Tč:

ÁForceĄ„ Ď

Á failure strains ‐Ď
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Mechanical characterization
Experimental results

Dynamic Puncture Tests

23°C

50°C

120°C

0.001 m/s

2 m/s

23°C

0.001 m/s

1 m/s

23°C

ð measurement curves
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Initial Idea: *PART_COMPOSITE:

ÁE.g. *MAT_187L

ÁE.g. *MAT_024

ÁE.g. *MAT_187L

ÁCan we use a simplification?

ÁBasic *MAT_024 for each layer Č

*PART_COMPOSITE

ÁSHELL ELFORM=16, 5IP

Ástress state homogeneous right after beginning

Á foil thickness small

ČMembrane Elements

ČHomogenized Material
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Mechanical characterization
Modelling approach

PA6

Al

PP

ð measurement curves ð simulation curves

V

Al

PA6

PP
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Pouch foil
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Mechanical characterization
Modelling approach

Al

PA6

PP

Homogenized Approach:

ÁOne material model*MAT_?

which can depict tests

Material Tests showed:

ÁTemperature dependency: „, ‐

Ástrain rate dependency: „, ‐

Č*MAT_106

Č*MAT_ADD_DAMAGE_GISSMO 

(LCSDGČTABLE_3D; temp, strain rate, triax.)

(canôt describe load type dependency of the 

polymers)

ð simulation curves

Membrane ELFORM=9

Shell ELFORM=16
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ÁElasticity (mixture formula) (Reverse Engineering RE)

ÁHardening at 23ÁC (RE)

ÁViscoplasticity at 23ÁC (RE)

Á3D-DIC Č Friction Coefficient Settings

ÁFailure at 23ÁC (RE)

ÁHardening Scaling Factor 50ÁC and 120ÁC (RE)

ÁFailure Scaling Factor 50ÁC and 120ÁC (RE)
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Mechanical characterization
Fitting approach
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ÁFailure occurs abruptly

ÁMeasurements 2 load types:

ÁTensile test (triaxiality ~1/3)

ÁPuncture test (triaxiality ~2/3)

ÁFitted the failure strains for 23ÁC
Č*MAT_ADD_DAMAGE_GISSMO

ÁTensile Test at 23ÁC strain rate dependent

ÁPuncture Test 23ÁC

ÁScaled Failure strains to Puncture tests at 50ÁC 

and 120ÁC

LCSDG: Failure strain curve/table or function

ECRIT: Critical plastic strain (material instability)
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Mechanical characterization
failure modelling

23°C
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ÁLoad type dependency:

Á *MAT_106 (simple Mises)

Á *MAT_255 (just UTČUC, no 

further reduction BT)

ÁMembrane Idealization Č BT more 

important
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Mechanical characterization
Calibrated Material Model

0.001 m/s

2 m/s

23°C

0.001 m/s

1 m/s

23°C

Dynamic Puncture Tests

23°C

50°C

120°C

ð measurement curves ð simulation curves
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