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= Motivation

= Mechanical behaviour of pouch foils
= Modelling and validation in LS Dyna
= Application Example

= Summary
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Motivation

= different types of automotive Li-lon battery cells:

cylindrical prismatic pouch

aluminum steel aluminum aluminum laminated film

a Metal case

Anode foil

Separator
Cathode foil
Cell casing

Zubi, G.; Adhikari, R.S.; Sanchez, N.E.; Acufia-Bravo, W. Lithium-ion battery-packs for solar home systems: Layout, cost and implementation perspectives. J. Energy
Storage 2020, 32, 101985
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Motivation

= different types of automotive Li-lon battery cells:

casing type
cell format

casing material
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Cell consists of many layers of thin foils
(current collector, separators) and granular
active material

all internal components are flooded by liquid
electrolyte, which ensures ion transport
capability

Cell casing: pouch foil (aluminum laminated
film)
« environmental protection (moisture,
handling, ...)
» tightness
» keep internal components in place
* prone to mechanical loads



Motivation

Typical loads acting on pouch foil:

= external loads (e.g. shock, vibration,
crash) introduced through:

= cell fixation ( e.g. bottom or
circumferential)

= terminal area
= penetration

= internal loads:
= gas generation
= swelling
= thermal runaway
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Motivation

- rupture of pouch foil leads to elektrolyte leakage - loss of electrical function
—> various external loads are transmitted through the pouch foil
- Iinternal loads are directly acting on pouch foll

- FEM model of cell should represent casing and jelly separately
- need of accurate material models of pouch foils
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Mechanical characterization
Pouch foil constitution

= Composite of thin foils glued together

PAG

Al

PP
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Layer material thickness Area weight

M SD g/m?
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
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Mechanical characterization
Material Testing Setups

SHIMADZU AG-X
Quasistatic Test

f

impPETUS
Dynamic Tests
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Mechanical characterization
Material Measurement Results at 23°C
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Mechanical char rization
echanical characte  E—— .

Material Testing Setups
= higher velocity v A\: odormss | | 0.001 m/s
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Mechanical characterization
Modelling approach
Initial Idea: *PART COMPOSITE:

= E.g. *MAT 187Le—+e PAG
« E.g. *MAT 024 «—* A
= E.g. *MAT 187L * = PP

= Can we use a simplification? ‘/

= Basic *MAT 024 for each layer =»
*PART COMPOSITE

= SHELL ELFORM=16, 5IP

= stress state homogeneous right after beginning

= foil thickness small
= Membrane Elements
=>Homogenized Material
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Mechanical characterization
Modelling approach

4 vaLimaT

Homogenized Approach: all
Al
= One material model *MAT ? op
which can depict tests U
Material Tests showed:
Pouch foil
= Temperature dependency: o, &

= strain rate dependency: o, &
=> *MAT 106

=> *MAT ADD DAMAGE GISSMO
(LCSDG-)TABLE 3D; temp, strain rate, triax.)

(can’t describe load type dependency of the
polymers)
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Mechanical characterization VALIMAT
Fitting approach

Elasticity (mixture formula) (Reverse Engineering RE) «mw=——=—>
Hardening at 23°C (RE) «=—=—> @.1. 00 = (1= hy - e (hyy = (hyp — ) - ¢ Tors)
Viscoplasticity at 23°C (RE) «—mw=———> 0y = 0y0- (1 + 10 <max(e'pz %)))
i - . y v vt
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Mechanical characterization dvAaLIMAT
Fitting approach — VALIMAT (AutoFit)

Automated optimization - 0 X
Menu 1 Optimization F(s) 1
-
- Status Mame eE e nue -
Optimization B07 67
Run PT_V1_p23.res
00_01_AutoValues 13180[c) 03[ 1.1_PT_V1_p23jres1(avg:3.2%/ max:95.2%)
PT_\V2000_p23.1es81
— 1A_PT_W2000_p23.res1(avg: 16 2% max:38.7%)
vV 486,12 -
Clear ) ) +
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V ¥
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Mechanical characterization
L ocal Evaluation PT — 3D DIC
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Mechanical characterization *

Local Comparison PT — 3D DIC vs. *MAT 024 (homogenized) .=\,/=

= Friction coefficient influences local strains = failure strains

Friction coeff. 0.1 Friction coeff. 0.3 Friction coeff. 1.0
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Mechanical characterization
failure modelling

= Failure occurs abruptly

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

= Fitted the failure strains for 23°C
=> *MAT ADD DAMAGE GISSMO

= Tensile Test at 23°C strain rate dependent
= Puncture Test 23°C

= Scaled Failure strains to Puncture tests at 50°C
and 120°C

LCSDG: Failure strain curve/table or function

ECRIT: Critical plastic strain (material instability)

© Copyright 4a engineering GmbH - 06.10.2021 1
M. Schwab, H. Pothukuchi, B. Hirschmann, M. Rollant, pres_21100501_mars_bhir_eng_battery_components_Dyna_conference_2021

1.50 -
- + 23°C
f *
e | — —
L 1.00 .—M
£
1] -__-___-.-L
S
e
Q
il fall =~ a |
= oo |
.E ECRIT al 1000 1/5 |
e ECRIT at 1 1/s I | ""
ECRIT at 0.001 15
- = CSDG at 1000 155
LCSDG at 1 14
== e=lCSOGat000t Vs ) ‘
) L] A L]
-0.66 -0.33 0.00 0.33

triaxiality [-]

0.66

P H Y = | (= S

\"" E T R u S T

41



Mechanical characterization

Calibrated Material Model

Load type dependency:

= *MAT 106 (simple Mises)
= *MAT 255 (just UT=>UC, no

further reduction BT)

Membrane ldealization = BT more

important
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Mechanical characterization
yield surface *MAT 024 vs *MAT 187

= With a different shape of the yield

vk bldAT-

187

surface (*MAT 187) the tensile test
and the puncture test can be

-

Stress [MPa]

depicted.

\\\\

The failure strains would have to be

adjusted for this material mode.

With this formulation we lose the
temperature dependency.
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Mechanical characterization
computational efficiency (*MAT 024/*MAT 106 + *MAT ADD DAMAGE GISSMO)

= Only slight computational time increase 5000

4
4500 B “MAT_024

= No thermal Solver just:
*LOAD THERMAL LOAD CURVE

$
so00  ™*MAT_106

3500
3000
2500

2000

CPU Time ins

1500

1000
0

PT_V1_p23 PT_V2000_p23
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Demonstrator model: pouch cell
*MAT 106 + *MAT ADD DAMAGE GISSMO

= Test of calibrated material model in demonstrator
model:

= simplified model of pouch cell

= pouch: 8976 Membrane Elements
(ELFORM=9)

= jelly: solid elements
= cell surface not constrained

= simulation of internal pressure due to gas
generation (*LOAD SEGMENT )

= variation of gas generation rate

= variation of temperature
(*LOAD THERMAL LOAD CURVE)

= prediction of leakage pressure level
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Demonstrator model: pouch cell
*MAT 106 + *MAT ADD DAMAGE GISSMO

= Test of calibrated material model in demonstrator
model:

= simulation of internal pressure due to gas
generation (*LOAD SEGMENT )

= prediction of leakage pressure level

© Copyright 4a engineering GmbH - 06.10.2021
M. Schwab, H. Pothukuchi, B. Hirschmann, M. Rollant, pres_21100501_mars_bhir_eng_battery_components_Dyna_conference_2021

failure pressure in bar

2.5

]

1.

[9)]

=

0.

[9)]

o

Demonstrator Pouch Cell
Quasistatic
dynamic

23 50 120

Temperature in °C




Demonstrator model: pouch cell
*MAT 106 + *MAT ADD DAMAGE GISSMO

II%!I

Test of calibrated material model in demonstrator
model:

= simulation of internal pressure due to gas
generation (*LOAD SEGMENT )

= prediction of leakage pressure level
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Summary

= rupture of pouch foil leads to eletrolyte leakage - loss of electrical function
= various external loads are transmitted through the pouch foill

= Internal loads are directly acting on pouch foll

= FEM model of cell should represent casing and jelly separately

= need of accurate material models of pouch foils
= pouch foils exhibit temperature and strain rate dependent mechanical behaviour

= homogenized modelling with membrane elements sufficient

= simulation of internal pressure due to gas generation to illustrate mechanical behaviour
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YouTube CHANNEL MATERIAL

cards

2 VALIMAT [OJimPETUS

more information on our software
9( Dy
Anisotropic Triaxiality
8p Oym A ~
=./ —
y T
Damage/Failure Hardening

Read more...
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https://www.youtube.com/channel/UCgzo_QL773e_1XAT8_-FaZg
https://www.youtube.com/channel/UCgzo_QL773e_1XAT8_-FaZg
https://www.4a-engineering.at/downloads/matpackages.pdf
https://www.4a-engineering.at/4a-impetus
https://www.4a-engineering.at/4a-impetus
https://www.4a-engineering.at/4a-valimat
https://www.4a-engineering.at/4a-valimat
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4advanced Motivated & Professional Team

dadvanced High Quality Outcome & Success
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