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Battery Cell



https://www.4a-engineering.at/downloads/matpackages.pdf
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Motivation

Abuse scenarios of battery cells:

mechanical abuse

role of cell
casing:
(e.g. pouch
foil)
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Motivation

Abuse scenarios of battery cells:

mechanical abuse

role of cell
surroundings
(e.g. pack
cover
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Motivation

before and up to ISC.: after ISC / in case of TR:

A interaction between cell and
surroundings needs to be considered

A thermo-mechanical cell behaviour
needs to be modelled

A part | with focus on pouch cell casing A part ll: example smc battery pack cover
thermo-mechanical behaviour and erosion
N TR
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Mechanical characterization
Pouch foil constitution

A Composite of thin foils glued together

Layer material thickness Area weigh
M SD g/m?
Polyamide (JIS Z1714) 0.025 0.0025 -
Adhesive (Polyestgrolyurethane - - 4-5
Aluminium foil (JIS A8021) 0.04 0.004 -
Adhesive (Urethanéree Adhesive) - - 2-3
Polypropylene 0.04 0.004 -
Total 0.111 0.011
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Mechanical characterization
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Experimental results
A higher velocity v C : v B B o doLms

< v Pt 1 m/s 2ml/s
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Mechanical characterization VALIMAT
Modelling approach

Initial Idea: *PART_COMPOSITE

A E.g. *MAT_187L «— PAS
A E.g. *MAT_024 «—* A
A E.g. *MAT_187L *—F - PP

A Can we use a simplification?

A Basic *MAT 024 for each layer C
*PART_COMPOSITE

A SHELL ELFORM=16, 5IP
A stress state homogeneous right after beginning
A foil thickness small

C Membrane Elements

~r

C Homogenized Material Al

PP

PAG6
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d measurement curves o sSimulation curves
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Mechanical characterization
Modelling approach

4 vaLimaT

Homogenized Approach: ZAC
Al
A One material model*MAT_? -
which can depict tests U
Material Tests showed:
) Pouch foll
A Temperature dependency: ,, , -

N]

A strain rate dependency: ,, , -
C *MAT_106

C *MAT_ADD_DAMAGE_GISSMO
(LCSD@& TABLE_3D; temp, strain rate, triax.)

(canot describe | oad

polymers)
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Mechanical characterization dvAaLIMAT
Fitting approach
A Elasticity (mixture formula) (Reverse Engineering RE) <« mw——=—>

A Hardening at 23AC (RE) « === @.1. L5 (p Q¢ )¢("Q (Q ’Q)§§Q—)

A Viscoplasticity at 23AC (RE) <« m=es—> o ﬁ¢<p L E(M))
A 3D-DIC C Friction Coefficient Settings
A Failure at 23AC (RE) <« m=——=—> - SN S
, | . , , | /4
A Hardening Scaling Factor 50AC and 120AC (RE) @:1t: %
o . ) , ! ,  Tepso v e 27
A Failure Scaling Factor 50AC and 120AC (RE) o:-!: 8 "7 :’:. /%
e
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Mechanical characterization
failure modelling

A Failure occurs abruptly

A Measurements 2 load types:
A Tensile test (triaxiality ~1/3)
A Puncture test (triaxiality ~2/3)

A Eitted the failure strains for 23AC
C *MAT_ADD_ DAMAGE_GISSMO

A Tensile Test at 23AC strain rate dependent
A Puncture Test 23/C

A Scaled Failure strains to Puncture tests at 50AC
and 120AC

LCSDG: Failure strain curve/table or function

ECRIT: Critical plastic strain (material instability)
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Mechanical characterization
Calibrated Material Model

A Load type dependency:

A Membrane Idealization C BT more

A *MAT 106 (simple Mises)
A *MAT_255 (just UTC UC, no
further reduction BT)

important

© Copyright 4a engineering GmbH - 19.10.2021
M. Schwab, H. Pothukuchi, B. Hirschmann, R. KieBling, pres_21101802_mars_eng_CAE_grandChallenge_2021

0.001 m/s
1m/s
23°C

eng. strain in mm

coordinate in mm

0.001 m/s
2 m/s
23°C

Dynamic Puncture Tests
23°C

120°C

PUNCTURE TEST

d measurement curves 0o sSimulation curves

41C]



