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4a engineering — efficient characterisation and modelling
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Battery Cell



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

Agenda

Motivation

Part I: Modelling and characterisation of pouch foils
= Thermo-mechanical behaviour of pouch foils
= Modelling and validation in LS Dyna
= Application Example

Part II: Impact of cell thermal runaway on polymeric/SMC battery pack cover
= Cell thermal runaway characterisation in pack configuration
= Post TR characterisation of SMC cover

Summary
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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:

—> interaction between cell and
surroundings needs to be considered

- thermo-mechanical cell behaviour
needs to be modelled

—> part | with focus on pouch cell casing - part Il: example smc battery pack cover
thermo-mechanical behaviour and erosion
N TR

© Copyright 4a engineering GmbH - 19.10.2021 I N P H Y s I c s wW E T R U s T
M. Schwab, H. Pothukuchi, B. Hirschmann, R. KieBling, pres_21101802_mars_eng_CAE_grandChallenge_2021



Agenda

Motivation

Part I: Modelling and characterisation of pouch foils
= Thermo-mechanical behaviour of pouch foils
= Modelling and validation in LS Dyna
= Application Example

Part II: Impact of cell thermal runaway on polymeric/SMC battery pack cover
= Cell thermal runaway characterisation in pack configuration
= Post TR characterisation of SMC cover

Summary

© Copyright 4a engineering GmbH - 19.10.2021

. . - 1 N P H Y S | C S w
M. Schwab, H. Pothukuchi, B. Hirschmann, R. KieBling, pres_21101802_mars_eng_CAE_grandChallenge_2021

T R u S T

41



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
Experimental results

= higher velocity v A\:

= Force—> g, A
= failure strains & W

= Higher Temperature T A\:

" Force > o, V¥
= failure strains & W

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

<

4
C

DDDDDD

0.001 m/s

0.001 m/s
2 m/s

23°C

Stress [MPa

%
\R

DDDDDD

0.00 154
Displacemen it [mm]

A -
i
30.00 ks Y e
y/ o
| e
o.0ok 0.00
0.00 10.00 20.00 30.00 40.00 50.00 0.00 5.00 20.0 X
Strain [%]

UUUUUU

Dynamic|Punctur

e Tests
23°C

UUUUUU

Force [N]

120°C

DDDDDD

500 /
0.00 5.00

.00 3
Displacemen t [mm]

PUNCTURE TEST

— measurement curves

T

40



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 VALIMAT
Modelling approach

Homogenized Approach: e 000
Al _
= One material model *MAT ? — Membrane ELFORM=9

Shell ELFORM=16

which can depict tests 3 EM..
n

Material Tests showed:

Pouch foil
= Temperature dependency: o, & 2 400,00

= strain rate dependency: o, & // \

D *MAT 106 / %
> *MAT ADD DAMAGE GISSMO e }s%m

(LCSDG-)TABLE 3D; temp, strain rate, triax.) 0% o0 =00 00 0 20.00 25,00

Displacement [mm]

AN

(can’t describe load type dependency of the
polymers)

— simulation curves
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Mechanical characterization VALIMAT
Fitting approach

Elasticity (mixture formula) (Reverse Engineering RE) «mw=——=—>

Hardening at 23°C (RE) <= @zl ; 50 = (1= hy ) - (s — (s — ) & v
Viscoplasticity at 23°C (RE) «—mw=——— ¢ S (1 +%. log <M)>
3D-DIC =» Friction Coefficient Settings @:.1 :
Failure at 23°C (RE) «mw=—-—=—> .\*f SN A
Hardening Scaling Factor 50°C and 120°C (RE) Q-\*f- | /?/?//
Failure Scaling Factor 50°C and 120°C (RE) .—J_‘,— 2 ‘;pso*':’:,: ;?//{ /L L

(/== N il

/ N
" " strain -

v rmvsesics we aust AL



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)
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g VALIMAT

Mechanical characterization
Calibrated Material Model
= Load type dependency: R P a——
= *MAT 106 (simple Mises)
= *MAT 255 (Just UT=>UC, no
further reduction BT)
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Mechanical characterization
yield surface *MAT 024 vs *MAT 187

= With a different shape of the yield
3 y <— > *MAT | 187 l( 8/
surface (*MAT_187) the tensile test| .. ﬁ%{ vanl sl N I )
4/ = B -'\ i =
and_the puncture test can be % =gt '- NI
depicted. bl o - 7\
= The failure strains would have to be W /
adjusted for this material mode. 1 A S N IR Y1V 1 I

= With this formulation we lose the TENSION TEST PUNCTURE TEST

temperature dependency.
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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
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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
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Characterisation
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of thermal runaway impact

thermal runaway induced by overheating at the bottom

temperature measurement at plate and cell with 6
thermocouples

voltage measurement

video recording with high speed camera
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Characterisation of thermal runaway impact
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Characterisation of thermal runaway impact
Measured temperatures on cell and SMC plate

800
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800 +
600 |
400 +
200 |

T in °C

— TC1
— TC3
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800 , mass | mass
cell type diameter | length before| after S? ¢ OCcvV remarks
[mm] | [mm] [d [q] (%] vl
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Characterisation of thermal runaway impact
SMC plates after thermal runaway tests: 3D surface measurements

0,240mm
69,993mm

0,160

50,000 |

0,080

0,000

-0,080

25,000 50,000 69,993 -0,144
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Characterisation of thermal runaway impact [OimpPETUS
Mechanical performance before and after thermal runaway — puncture test
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Characterisation of thermal runaway impact
comprarison of different SMC material with similar base properties

0,305mm

0,200
0,000

I -0,200

-0,400

-0,626

Significant material erosion in case of different SMC material
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Significant material erosion in case of
different SMC material
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thermo-mechanical cell behaviour relevant before and up to internal short circuit

once internal short circuit has happened and thermal runaway is caused, interaction between cell
and its surroundings needs to be considered

FEM model of cell should represent casing and jelly separately
cell casing features important, safety relevant functions

pouch foils exhibit temperature and strain rate dependent mechanical behaviour

vent gas during thermal runaway causes high heat impact in addition with erosion due to emitted
particles

SMC is able to sustain thermal runaway — without significant decrease in mechanical performance

material erosion varies depending on actual material selection
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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

B ENGINEERING

4advanced Customer Orientation
dadvanced Leadership in Technologies
4advanced Motivated & Professional Team

dadvanced High Quality Outcome & Success
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