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Motivace

..aneb na co nam model baterie vubec je?
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Konrerence Motivace
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KorrsYs: Motivace
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KorrsYs: Motivace

P

®  Pravidla soutéze Formula Student vyzaduji napétove analyzy pro kritické komponenty
= pytlikové clanky jsou nachylné k mechanickému poskozeni

= Limity pro strukturalni selhani baterii nejsou uvedeny v technickych listech
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Pristupy k modelovani clanku




konrtitiee  PFistupy k modelovani élankd

= HOMOGENIZOVANY MODEL = VRSTVENY MODEL
- Globalni chovani celého clanku - Kazda vrstva modelovana zvlast
- Isotropni/ortotropni - Anisotropni
- Zadné interakce mezi vrstvami - Adheze/delaminace/treni
- Zkrat vyhodnocovan na zakladé celkove deformace - Selhani ve specificke vrstve
- Rychlejsi a jednodussi pristup - Presngjsi ale komplexnéjsi

Copper Graphite NMC Separator
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konrkXie  PFistupy k modelovani €lankd - VRSTVENY MODEL

Negative Tab

Positive Tab Aluminium

= Modelovani jednotlivych vrstev na zakladé o
tahOVé ZkOUéky Aluminium Foil

Positive Electrode —

laminated film

. . .. . Copper Foil
= Modelovani interakce mezi jednotlivymi

vrstvami

Negative Electrode
Force =

I Peel force

180° PEEL TEST

| Peel force

90° PEEL TEST
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konrtkee  Pristupy k modelovani €lanké - HOMOGENIZOVANY MODEL

= Modelovani homogenniho materialu

= Globalni posuv l Force

]

|

N
!

Force

l | o

Cell

l Force

Support

l [Forc - =
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Experimentalni testovani

..aneb pokud se vam povede experiment na prvni
pokus, méreni hlavné neopakovat...




konrtitkee Experimentalni testovani - SETUP
Odborny dozor

Termoclanky typu K Méreni napéti Zaznamniky dat & zdroje Hydraulicky lis

Cerny povlak proti odraZeni svétla Profesionalni obsluha lisu z SVSFEM
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konrhtkee  Experimentalni testovani

=  3-body ohyb =  Tlak na celou plochu clanku = Tlak kulovou plochou

-

_SVS FEM

e . 4
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konrtitiee  Experimentalni testovani - 3-BODY OHYB

Force vs. Displacement

v

Your partner in com
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konrikie  Experimentalni testovani - TLAK NA CELOU PLOCHU CLANKU

Force vs. Displacement

Your partner in «

0 L | I 1
0 0.5 1 15 2 2.5

Displacement [mm]

%107 Stress vs. Strain

Stress [GPa]
F~
T

0 | I 1 1 1 1
0 0.05 0.1 0.15 0.2 0.25 0.3

Strain [-]
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konreikee  Experimentalni testovani - TLAK KULOVOU PLOCHOU

4 5
Displacement [mm]
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Numericky model

..aneb kdyz experiment modelujete, hlavneé
neporovnavejte vysledky...




korri¥ee  Numericky model - DEFINICE MATERIALU

= *MAT 063 - Crushable foam - *DEFINE_CURVE

= *MAT_024 - Piecewise linear plasticity
- t=0.12mm FLAT PUNCH TEST
= *MAT_RIGID
- 0 DOF
- 1 DOF (predepsany pohyb v ose Z)

4

&

4
g

8 Stress vs. Strain
—— Experimental curve

® Selected points
'? -

6F INDENTATION TEST

0 1 | | 1 | |
0 0.05 0.1 0.15 0.2 0.25 0.3

Strain [] 3-POINT BENDING TEST
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konresiee  Numericky model - KONTAKTY, OKRAJOVE PODMINKY a CONTROL

=  *CONTACT_AUTOMATIC_SURFACE_TO_SURFACE = *CONTROL_IMPLICIT
- Fp=k,*g - _AUTO - Optimalni okno pro ¢asové kroky (iteopt,

E, .. Normal contact force itewin, dtmin, dtmax)

k,.. Penalty stiffness - _GENERAL - Pocatecni casovy krok (dt0), nelinearita
- : modelu (imform=2)

g ... Penetration

*CONTROL_HOURGLASS

= *CONTACT_TIED_SURFACE_TO_SURFACE o viis o s o L
- Dulezité pro predejiti ,hourglassingu” u explicitni

= *BOUNDARY_PRESCRIBED_MOTION_RIGID analyzy
*CONTROL_ENERGY

*CONTROL_TERMINATION

- MdUze zastavit simulaci dfive pri poklesu celkove
energie Ci selhanl mnoha elementu

*CONTROL_TIMESTEP
- Velikost casoveho kroku
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konridNice  Numericky model - POROVNANI VYSLEDKU

3-body ohyb =  Tlak na celou plochu clanku = Tlak kulovou plochou

/ / \
( } ( 1 Lo
\ / \\\ /
ks o S
Explicitnt i implicitni resic Nedostatecna tuhost *MAT_063 Maximalni napéti pri zkratu 7 MPa
90 - Force vs. Displacement 025 Force vs. Displacement 04 Force vs. Displacement
80 035
nor 03
60+
_ _ 025
Z 5ol Z zZ
E g g 0.2
E40 3 5
= = = 0.15
30+
20 0.1
10+ 0.05
00 0!5 i 1!5 é zfs ; _0’050 0{5 ; 115 2‘ 2!5 ; 00 0‘.5 ; 115
Displacement [mm] Displacement [mm] Displacement [mm]
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Optimalizace

Neda se model prece jen trochu zpresnit?




KonreENice  Optimalizace - SCHEMA

" *MAT_063 - Stress-strain kfivka Batch skripty pro spusténi LS-Run
= *MAT_024 - Modul pruznosti E a nacteni dat z d3plotu

Batch skripty pro smazani 2

prebytecnych soubordi
W

Python skript pro parametrizaci

tpro par:
stress-strain krivky PR e o R I o e o

“

Ext[aoction Tool Kit pro vyhocjnoceni
Parametrizovany .k file pro zménu E u *MAT_024 rozdilu mezi simulaci a experimentem
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Korri¥e  Optimalizace - PYTHON INTEGRATOR

22

Stress [GPa]

p;...nasobi prvni cast

p,...hodnota pro strain, ktera tvori hranici mezi prvni a druhou casti

ps...nasobi druhou cast
Stress vs. Strain

0.007 A . Experimental data
Tuned fit
00061 m  Exported points

0.005 4

o
o
[=)
I

o
o
S
@

0.002 4

0.001 4

0.000 4

0.00 0.05 0.10 0.15 0.20 0.25 0.30

Strain [-]

pr=1 p,=015 p3=1
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Stress [GPa]

0.007 1

0.006 4

0.005 4

0.004 4

0.003 4

0.002 4

0.001 4

0.000 +

Stress vs. Strain

Experimental data
Tuned fit
Exported points

0.05 0.10

pl - 15

0.15

Strain [-]

0.20 0.25

p3 — 08

0.30
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Korri¥ee  Optimalizace - EXTRACTION TOOL KIT

=  ROZDIL Z METODY NEJMENSICH
CTV E R C U e ETK & Variables Run Options = FEpEEE

‘ It define_curve_fitl [1:20]

=3 p forc_disp_sim3.csv [ b forc_disp_exp3.csv || b define_curve fittk [ 4 » P | w

dif_eudlidi 1.8538
Relative to working dir v Vo kmvks  \ Design0ffi Y siml Y\ define_curve_fitl.k o

n I dif_eudlid2 2.01083

2 1 *EEYWORD )
R _— E ( F F ) 2 5 .Tuned.stress-strain.curve .exported . from.Python (] dif eudids TR
i i ] 3 3 5 .Columms: -a=strain[-], -o=stress[GPa] = .
Euclid s eXp.t 4 *DEFINE CURVE TITLE

) 5
=1 5 stress_strain dif_max_force3  0.00338776 X
1= R - U . DU, U DAPUPE RO BT s PP B« PAPPPY  SPNPPY: |

I forc_disp_expl  [1:30]

= o ° | forc_disp g2 [1:16]
- e Rl ® | toc dop s (126
. P - R R .
" ROZDIL MAXIMALNICH SIL - R e [ st o

20 . N Output slots
Z1 e > Standard slots

27 *END

RFmax — |Fmax,sim — Fmax,exp|

o token wise O column wise O as matrix o as signal

’ Show advanced options

Variable Name: define_curve_fitl C] Instant visualization Use as response = ¥
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Optimalizace - POSTPROCESSING

-
Status Style p1 p2 p3 sim3_e obj_dif euclid1 obj_dif euclid2 obj_dif euclid3 obj_dif max_force3

Id D

0.182 true

-

0.319 true

0.119 true

0.132 true

0.324 true

0.112 true

0.234 true

-~
< J < T N < O IO I < I <}

0.289 true

@

p1 p2
2

Succeeded Yellow 135693 0.13075 14075 102 2.51785

Succeeded 148783 0.12025 09575 102 2.32643
Succeeded - 0.678125 0.19525 09575 122 2.58268
Succeeded 18275 0.12025 09575 166 266163
Succeeded 14975  0.19525 0630983 11.6808 2.31755

Incﬂmplete1.39291 0.121332 1.70896 10.25  2.58703
0.517738 0.185727 0.524205 29.5604 2.85804

29 (unfiltered ) of 506 ( a
sim3_e

49.75

=]

Succeeded 148198 0.12025 09575 10.2 3.03159
Succeeded

p3
2

1)
iy 4

e
g

0.501601 0.100937

Parameter

0.509375 10.0899

i e

0632277 0.933558 0.00440094
0.41085 0.876356 0.00845968
0.535871 0.923367 0.00561547
0.403932 0.898468 0.00828779
0.409059 0.969254 0.00275836
0.531196 0.955148 0.00085723
0.376022 0975372 0.00149677
0.536123 0.967197 0.00106937

Ansys

ACADEMIC
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KOnFkNece  Optimalizace - POSTPROCESSING
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Aplikace modelu

Mam sice model, ale co ted s nim?




konreikee  Aplikace modelu - NASTAVENI SIMULACE

Stress vs. Strain

= Pravidlové zatizeni 40G, EXPLICIT " [—opmirercm | | |

7+
n ‘ = Acceleration ED3-V2
6+ -
60
=5r i
50 <
[
=
24 k
40 o ;1-
= k!
n >

%]
T

I
M |

|

. H.MI.UIU

s

0 1 1 1 1 1

0 0.05 0.1 0.15 0.2 0.25 0.3
Strain [-]

Uildlisuk 8

0.030

Tima fal

Simplified acceleration pulse
T T T

03F

Acceleration [mm/ms 2]
(=}
o

0.1

0 1 1 L 1 1 1 |
0 5 10 15 20 25 30 35 40

Time [ms]

SVS FEM
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0.8

X-stress [GPa]
o
=}

0.4

0.2
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Aplikace modelu - VYSLEDKY

PrePost

Kalibrace strukturalniho modelu baterie | Marie Jandousova

%107 Stress-strain curve
T | | [ T
Maximum stress = 1.10 MPa
| | | | | | 7
0 1 2 3 4 5 6 O‘
: : : short
Effective Plastic Strain %107 — — ~
SH. = = ~ 0.30

O max 1.10
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Diky za pozornost
a zustanme ve spojeni

@ Marie Jandousova

mjandousova@svsfem.cz
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