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2nd week - Advanced @ec}s
o

14. July - Evaluating and checki ‘\@\gdata
Interpretation of typic Its

15. July - general yielcbﬁ}%lce (*MAT _187) and other material models,
failure apgég@hes and comprehensive Autofit setup

16. July - ©reinforced plastics and their modelling approach
an extensive guide

17. July - Python: a powerful tool with VALIMAT®,
user defined material cards/specimen
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40 Summer School

Content of session &(0\0‘3\

Overview — material models {\(\g

general yield surface (*MAT_lB&Ka@?
Comprehensive AutoFit setup @(\

sMAT 024 \b{&

*MAT 187  (© o
Overview - failure models

short Outlook 3.8
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Short Recap what we can measure!
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Motivation

= Low Speed Impact behavior
= Plenty of different plastic grades
= Temperature influence -35°C up to 80°C
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Beschleunignng [g]

— Sim. with failure

------ Sim. without failure

— Test
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Zeit [ms|

SOURCE: LINK to PAPER
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http://technologietag.4a.co.at/images/tt2016/tt16_t1_v04.pdf

from test to material card

VALIMAT®
Advantage

= Handling of bigdata
= Complex models

» Good correlation to simulation
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Databases

\/ VALIMAT

[fWorkflowsR_&J
e

Simulation Optimization
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Static Testing

3 POINT BENDING

static ~ 1mm/s
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TENSION TEST

P H Y S |
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[OimpPETUS

PUNCTURE TEST

s we TRuUST-T ZICI



IMPETUS® - efficient dynamic testing

———

S POINT BENDING

IMPETUS® ~ 3 m/s

© Copyright 4a engineering GmbH - 17.07.2020
B. Hirschmann, P. Reithofer, C. Schober, pres_20071701_bhir_pr_chob_Summer-School-Day6

[OimpPETUS

PUNCTURE TEST



Measurement Results = Material Model m IMPETUS
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TENSION BENDING PUNCTURE TEST
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T E N S | 0 N T E S T Source: Mechanik der Kunststoffe W. Retting, Hanser
Verlag 1991
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Short Recap

available material models in LS-DYNA®
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meridional plane
yield surface — notes about notation [y |

= Stress Tensor: ] \

30 4.
TyZ *

Tzx
= Hydrostatic pressure Re)

Tvm

20
1
p= —§(O'x + o0y + JZ)
i 104
= Von Mises stress:
q=oyy = \/sz + 0,% + 0,% — 0,0, — 0,0, —\0,0 % 3(Txy2 +1y,% + Tyx?) : " '''' —— Von Mises yield surface
0 T T T T T T AT T T T T T T T T T
=20 =10 0 @ 20
’ P
ST p
= Triaxiality: =,

M
Triaxiality
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Commonly Used Material Models For Plastics

B. Hirschmann, P. Reithofer, C. Schober, pres_20071701_bhir_pr_chob_Summer-School-Day6

= *MAT 024 - The workhorse
(*MAT 081,*MAT 089,*MAT 123, ...) TN e
- - - oJ ® & i
\_\ \"‘-._
. — Von Mises yield surface 7:: : 5] — Von Mises yield 5u:’;a:?
Visco- Visco- Comp./tension plastic
rial m I iel rf s . . \ .
Material mode yield surface elasticity plasticity asymmetry Poisson’s ratio
*MAT 024 von Mises x v x 0.5
© Copyright 4a engineering GmbH - 17.07.2020 P H =] \"\" E




Commonly Used Material Models For Plastics

B. Hirschmann, P. Reithofer, C. Schober, pres_20071701_bhir_pr_chob_Summer-School-Day6

= *MAT 024 - The workhorse
(*MAT 081,*MAT 089,*MAT 123, ...) TN e 8
- - - ® &
= *MAT 124 - The hidden
o : “l‘" / @ L I
ﬂ - .‘.\\ ‘:‘.f
..\\ \
T T ; B e
: . Visco- Visco- Comp./tension plastic
Material model yield surface elasticity plasticity asymmetry Poisson's ratio
*MAT 024 von Mises x v x 0.5
*MAT 124 2x von Mises v Pronyseries v v 0.5
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Commonly Used Material Models For Plastics

= *MAT 024 -The workhorse
(*MAT 081,*MAT 089,*MAT 123, ...)

= *MAT 124 - The hidden

= *MAT 187 - The plastic expert

: . Visco- Visco- Comp./tension plastic
Material model yield surface <4 .. . \ .
elasticity plasticity asymmetry Poisson's ratio

*MAT 024 von Mises x v x 0.5

*MAT 124 2x von Mises v Pronyseries v v 0.5
*MAT 187 I|r.1ear; parapollc; v OE(E) v v v v, (e)

- piecewise linear p
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Commonly Used Material Models For Plastics

= *MAT 024 -The workhorse

(*MAT 081,*MAT 089,*MAT 123, ...)
= *MAT 124 - The hidden

= *MAT 187 - The plastic expert

= *MAT 187L - efficient version (R12)

: . Visco- Visco- Comp./tension plastic
Material model yield surface <4 .. . \ .
elasticity plasticity asymmetry Poisson's ratio
*MAT 024 von Mises x v x 0.5
*MAT 124 2x von Mises v Pronyseries v v 0.5
linear; parabolic; .
*MAT 187 ’ ’ v v v v
— piecewise linear E(é) Vp (€)
*MAT 187L linear v E(&) v v v vp(e)
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From test to material card

4 vALIMAT

excellence In
validation Gy

Hardening Triaxiality Damage/Failure Anisotropic
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Material Card - Deformation

Change of options in the Deformation menu

*MAT 024 provides options for the strain rate scaling

E Matenal behaviour ”
B Material source Implemented
Elasticity Linear isotropic elastic
Plasticity Yes
Failure/fDamage Damage
B Material card *MAT_PIECEWISE_LINEAR_PLA
Plasticity Table Rate log. Tablt = |
Damage/Failure Plasticity Table Rate log. Table
Materialcard ID Plasticity Table Rate Table
Density Plasticity Bilinear Rate CS
Yield behavior Plasticity Curve Rate Curve
Function (Hardening, Elastic cun
Strain rate dependency Table b
Fracture Mone P ,
Postfracture Mone v
Deformation N
|c<|c| New Save Can[:e||>|>>|
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2 vVALIMAT

*MAT 187 provides options for the yield surface shape

B Material behavigur V"~

B Material souice Implemented
| Af_.:.lgs_tit-:i_ty o Linear isotropic elastic
Plasticity Yes
b< -F-ailure/Damage Damage
ﬁ] Material card *MAT_SAMP-1 (*MAT_187)

Deformation vonMises (non associated)
DETNELIENNEY vonMises (non associated)
Materialcard ID |Pressure dependent (Drucker-Prager)

Density Parabolic yield surface (Shear given)
' Yield behavior |Parabolic yield surface (Biax-tension given)
|_|@ Function (Harden General yield surface v
'Deformation .
|<<|<| New | Save ICanoell>|>>]
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Optimization hardening table e.g. 4a model VALIMAT

LS DYNA® - *DEFINE_TABLE stress _
= plastic behavior described using the meta t /ﬁ || herec }
model of Schmachtenberg "
1+h‘ET.€pl ﬁ" VP’SIIO Vi
o L ——
hy +ECptE - z /1// h
K €€, yd h
Pl h 1 4 I
/ :
= hardening linear increased by coefficient A"’ta" %
Nerleg
= gstrain rate dependency basedon strain

Johnson- Cook.

max(¢ vé))
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*MAT 187 - options yield surface VALIMAT

Other Criteria
= \Von Mises: f(e) =q—oy

Meridian Cut:

80 4

60

stress [MPa]

= Drucker Prager: f(e)=q—b-p—a

o 0—7@ @
Ig L N + 1000 a0
1 . — 2 —_ . 2 —_ . —_— :g . I so .. I -60 1
= Parabolic: fle)=q°—c-p"=b-p—a {7 it
T et © " """""" ; 523;:?1:%?:‘9;?“yi?.;i:.m‘
= piecewise linear yield surface: f(e)=qg—b;-p—a;i=1..4
BT: Biaxial Tension
UT: Uniaxial Tension
SH: Shear
UC: Uniaxial Compression
BC: Biaxial Compression
© Cgpyright 4a engin(_eering GmbH - 17.07.2020 ; 1 N P H Y s 1 c s wW E T R U s T 4 q
B. Hirschmann, P. Reithofer, C. Schober, pres_20071701_bhir_pr_chob_Summer-School-Day6




*MAT 187 - plastic poisson’s ratio law VALIMAT

= plastic Poisson's ratio over equivalent plastic | 06D .
strain = expressed with a simple model = Vpopress > LCID-P
O % 05—
= Model assumes exponential decay from E CNA
compression side to a plateau on the tensile r AT o ‘\
side S (A 1
I P\ ' U
i ~Q0Q0 A\
" & p1a¢ defines the value where ~99% of the 5\ ) e 3\ € plat
difference between compression and tension Is © Vi plat
subtracted ® 0.1 x
o , " | o Z1Cl
" Vppress Plastic Poisson’s Ratio in compression i 5 ,
, , , _ _ _ 2.5 1.5 -0.5 0.5 1.5 2.5
" Vppiat Plastic Poisson’s Ratio Plateau in tension equivalent plastic strain [-]

i ( —5*&p 0)
min P————5;
— &y, plat’
Vo = Vpplat = (Vpplat = Vppress) * € PP
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*MAT 187 - plastic poisson’s ratio law VALIMAT

New parameters in Designvariables tab

These parameters define a simple model to describe the relationship between the plastic Poisson’s ratio and the
equivalent plastic strain

These parameters are used for the plastic potential

MName Start const..  from to Variance Condi.. Description GI
— T
»  GroupName: 10_elasticity True Stress Or = (1 o ]2
-y £
ek PRUMN v 20% 20% 10% youngs modulus T
e nue PRUN v (NULL) (NULL) (NULL) poisson ratio True Strain < _ 111(1 4 8‘ )
» GroupName: 20_yield T T
y 0 PRUMN 20% 50% 50 yield st '
= vl 2 . . yiEa s True Transverse Strain g, = In(l+eg,)
y_nuep 0.5 0.01 0.5 (NULL) =xm_... plastic poisson ratio
y L 90 5 150 50 =y_T*... yield stress compression Nominal Poisson’s Ratio \.' _ &
y_T MaM 5 150 50 =y 0 yield stress tension = 'l'
4 GroupMName: 21_hardening Gy
h_nuep AUTO v 0 0.5 (MULL) hardening plastic poison ratio Young's Modulus E= s°
T
h_scaled 1 0.5 1.0 (NULL) scalefactor for scaling the yieldcurve, e.g. tension/bendihg
&
h_y AUTOD N 150 50 =y 0 hardening yield stress True Poisson’s Ratio v o =——t
h2_scale 1 W 1 2.999  (NULL) =2/h_... scalefactor for curve 1 ST
h_ET PRUMN v 0 100 (MULL)  <elE  tangent modulus . . ® G ’
h_h PRUMN v 5 200 (NULL) hardening stress plataau True Plastic Strain Er=%&r- lnj1+ E
» GroupName: 22_hardening i
XM_Nuep_eps AUTO v (NULL) (NULL) (NULL) plastic strain to almest reach nuep_plat Sp‘plat X X P O
True Transverse Plastic Strain g, =g, -Injl-v —
xm_huep_plat AUTO v (MULL) (NULL) (NULL) plastic Poissons ratio at infinite tension strain v . . . = t ' E
pplat lastic Poisson's ratio law parameters
XM_nuep_meps AUTO v (MULL) (NULL) (NULL) last point for LCID-P p p T
t=4
XM_NUep_pres AUTO v (NULL) (NULL) (NULL) plastic Poissons ratic in compression domain vp,press True Plastic Poisson’s Ratio \-P = __‘P
» GroupName: 31_strainrate Er
v_p PRUM A 1001 (NULL) strain rate scale (1/vp) . . . 3
o : Q: NPL: Manual for the Calculation of Elastic-Plastic Materials Models
v_epspkt PRUN v 0.0001 1 (NULL) initial strain rate threshold p oc iaht 2007
arameters, rown copyright
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https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=2ahUKEwi09K66teXfAhULCewKHbIsBmIQFjAAegQICRAC&url=https://www.researchgate.net/profile/Ermias_Koricho/post/Can_anybody_help_me_with_the_failure_analysis_of_Drucker-Prager_s_criterion/attachment/59d63614c49f478072ea3c7d/AS:273624307568641@1442248526389/download/elastic-plastic-materials-manual.pdf&usg=AOvVaw3Sa6GozPgnGbhQmCxW0gu8

Mame Start  const.. from to Variance Condi.. Description

*MAT _187 Introduction . euame 1oy
Designvariable | [

& nue PRUN W] (NULL) (NULL) (NULL) poisson ratio

~ GroupMame: 20_yield
y 0 PRUM @ 20% 0% 50 yield stress

¥_nuep ~ =xm_... plagtic poissen ratic
¥y L =y_ %rﬁs compressicn
y_T = A ield stress tenszion
# GroupMame: 21_hardening
h_nuep AUTO @ 0 . 0.5 %ULL} hardening plastic poiscn ratic
h_scalel 1 ] 05 LILL) scalefactor for scaling the yieldcurve, e.g. tension/bending
h_y =y 0 hardening yield stress
ha_scale PR " e s e e =2/h_... scalefactorforcurve 1
h_ET P ‘ ﬁ*‘f i 100 (MULL) <g b tangent modulus
h_h @“ @ 3 200 (MULL) hardening stress plateau

A (Grou phlamﬁ@en ing

ep’plat x:ﬁ%;eps AUTO (MULL) (MNULLY) (NULL) plastic strain to almost reach nuep_plat
vp’p l at@x welep_plat AUTO (MULL) (MULLY) (NULL) plastic Poissons ratic at infinite tensicn strain
XM_NUEp_meps AUTO (MULLY (MNULL) (ML) last point for LCID-P
vp ,Press XM_NUEp_pres AUTO (MULLY (MNULL) (ML) plastic Poissons ratic in compression domain
~ GroupMame: 31_strainrate
v_p PRLUM 1 1001 [MULL) strain rate scale (1/vp)
v_epspkt PRUM 0.0001 1 (MULL) initial strain rate threshold




from test to material card VA L | M AT

Deformation = Failure
Creep - Static = Crash
1S OPIC = ANISOTROPIC

Triaxiality Damage/Failure

04
e

P
m IMPETUS Hardening Anisotropic

Bl o e e sevees e e AQ

Oym ’T




2 vVALIMAT

From test to material card — von Mises visco plasticity

Oym ‘T

-

> &

P
Hardening

:

Peter Q? Bending Benjamin Q? Tension
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from test to material card VALIMAT

€p
> M
Triaxiality Damage/Failure
va
o
| >&p
m IMPETU Hardening Anisotropic

26




without border all velocities
guasistatic low velocity

AutoFit Strategy *MAT_024 Bending based

e

quasistatic high velocity
' dynamic low velocity
MAT_024 ¢ ) i dynamic medium velocity
' 50.00
] [
/ ¢ 40.00
E - - 01N
_¢ A
ﬁ ' - 20,00
h [ ] [
¢ ¢ ¢ 10.00
- - - - - - 133.-&3 4.00 8.00 12.00 16.00 20,00
¢ ¢ ¢ ¢ Displacement [mm]
[ [ [ ] [ [ ] [ [ ] [

Zd vALIMAT
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Workflow for Material Card Generation - AUTOFIT VALIMAT

Automated optimization
Menu £ Optimization
S Status Name ek v
Optimization 2585
Run
. 0_VISUAL_AUTO 1000(c)
Y \:
31.87
Clear - A
v 1_Optimization_YoungsModulus AUTO 0
Open LS-Opt Viewer v F .
DV Start v /™| 2_Optimization_flow_data PRUN() P 23.87
h —_ B
¢ )
Postprocess @
T v #‘ 3_Optimization_strainrate PR
é 15.87
N S
Create material card \/ 6
v 4_Validation_3PB & PRUNQ P
lot materia 6\ 7.86
o : @
0.14
-0.00 491 9.82 1473 19.64 2455
Displacement [mm]
Close >
1 P sit) Fit) F(s) sigleps) eps(epspkt)
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Workflow for Material Card Generation - AUTOFIT VALIMAT
Auto Values

Validation/Optimization: AutoValues =» Model used for start value generation
= _EL: mean value of this case is Young's Modulus e E
= HC: use this case for hardening curve parameter estimation

= _VP: use these cases to evaluate the strain rate dependency v_p

= important v_epspkt will be taken from Designvariables this is the reference strain rate

Validation/Optimization AutoValues Name Start  const.. from to Variance Condi... Descri...
B Loadcases {)(\\a ~ GroupMName: 31_strainrate
Casename 3PB_V1_d00_(] VP! Iu-_epspkt 0.0001 v/ 0001 1 (NULL) initial... |
Casename 3PB_V2500_do0 q EL_HC_VP | — —
5\ Click here to add a new row
Casename TT-M3000.d00_C

N\

strain range for hardening table
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Workflow for Material Card Generation - AUTOFIT

Automated optimization

Menu 1
Optimization
Run
Clear

Open LS-Opt Viewer

DV Start

Postprocess
Create report

Create material card

Close

va

Status

7
M
-
—

[S]<[sk

> &

Hardening

Optimization

Name

0_VISUAL_AUTO

1_Optimization_YoungsModulus

L)
/

2_Optimization_flow_data
h

—
f__ 3_Optimization_strainrate
~—,

L E J
/ 4_validation_3PB

r,

P
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ek

1000(c)

AUTO

PRUN[)

PRUN(c)

PRUN(C)

»

- 0O X
Fis) LS
v
39.86
3PB_V2500d00_Lres1
6.1_3PB_V2500_d00_Lres1favg 1.6%/ maxq4.9%
i Zf / ﬁ\\
2392 f
Z
@
S
S
'
15.95
7.97 i/
-0.00
-0.00 288 5.9 894 11.92 14.89
Displacement [mm]
iglepShyeps(epspkt)

s Fity Fg

2 vVALIMAT

optimization — successive response surface method

Variable 2

Design Space

Variable 1

hardening function
= f(Variable 1,Variable 2)




Workflow for Material Card Generation - AUTOFIT VALIMAT

Automated optimization

Menu 4 Optimization Fis) e

e ———
- Status Name ek v --—'—"'"_——-—
Optimization

39.88 /
Run 3PB_VO0p1_q00_Lres1 -
D 0_VISUAL_AUTO 10000 O 1.1_3PB_VOp1_dg0_lres1(fivg:20%/ max 3.3% ———
S
e 24.8% max-7h%) -’/
V X []
& 31.87 - ICUI
ear 3
/ 1_Optimization_YoungsModulus A0 0 vt ,Zf,cﬂoifffstﬂ e P
_3Pgg/2E00_d0o_tres 2 A45.9%
E o
Open LS-Opt Viewer v z 7
DV start £~ | 2_Optimization_flow_data PRUN(c) P 23.87 \ [ \
o h 2 < n
Postprocess \/ 2 ) / /
— - < p \ -t
Create report ; 3_Optimization_strainrate PRUNI(c) P B G)
] 15.8 ) LS
Create material card )\ U)

4_Validation_3PB

7.86

resulting yield|curves

-0.00 491 9.82 1473 1964 2455
Displacement [mm]

‘ » @ FO Fli]_t_?pﬂ £ps(epspkt) Straln [_]

Close

va

Y
| > €, ¥

Hardening e =
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AutoFit Strategy *MAT_024 Bending based

3 POINT BENDING

source: Benjamin Hirschmann, master thesis

Force [N]

wrement

MAT_024 (3PB L

based

0

5

10 15
Displacement [mm]
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20

25

IMPETUS® ~ 3 m/s

stress [MPa]

TENSION TEST

meridional plane

50
D)
40 A /
30 AN /
. \
L]
»| @ &
10
—= Von Mises yield surface
0
-15 5 s B
a
| *+ measurementlocal DIC
= MAT_024 (3PB-based)
= I
1/,
.
.I
.
.............
S e e
.
0 0.2 0.4 0.6 08 1 12 14
strain [-]

P H Y

5000

4000 A

Force [N]

2000 4

1000 o

0

3000 4

2 vVALIMAT

asurement
MAT_024 (3PB-based)
e*®" e,
e "
) .
* %e
. .
. 2¢
.
o] 5 10 15 20 25 30
Displacement [mm]

PUNCTURE TEST

(=

S

---- averaged test curves

result of simulation



from test to material card VALIMAT

€p
> M
Triaxiality Damage/Failure
va
o
| >&p
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AutoFit Strategy *MAT_024 tensile based

MAT 024

< Ih=_—>

—

|<—-—-—)~‘ ‘4:—--—» 1-Element Test

|(___}‘ 1-Element Test

AANARAIANE

source: Benjamin Hirschmann, master thesis
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AutoFit Strategy *MAT_024 tensile based VALIMAT

i S parametrized material card

Status MName _ .
Optimization 2738
Run
0_Visual_AUTO
Clear / ///
1_Optimization_YoungsModulus 3

Open LS-Opt Viewer

DV Result

Postprocess

1[ska[ska] ]

< ptmizaton o & g
—= -

Create report

W

=
Create material card \/ 3 1837 7
“ B ______-——"-—_
4_Optimize_3PB | —
y
v I A
#77 | s validation 3¢5 J
\V4 888
T 4
N\ | 7_valication TensiieTest * yé
I
v - T Ly
o~ 8_Validation_PunctureTest_dynamic
v v B ENGINEERING
\Y% 065
- -0.00 031 062 083
/ 9_validation_PunctureTest static Displacement fmm] t .
e g v strain
! 4 sit) FE) F(s) sigleps) epslepspkt)

va

| >&p
Hardening r'd

source: Benjamin Hirschmann, master thesis
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AutoFit Strategy *MAT_024 tensile based

50

meridional plane

2 vVALIMAT

3500
45 e & measurement EE & & measurement
3000 1 MAT_024+EQMAX
MAT_024+EQMAX
40
40
\ 2500 ]
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= Z eve,
—- ) =000 ] . .
] & &y @ - .
o 30 . Q. . .
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0 O 1500 . h
w z ¥ 4 ‘
s . .
.
B d 1000 ] o L
20 A _7 .'. e
h d 500 |
g : : 10 0 T !
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Displacement [mm)] Displacement [mm]
—=, Von Mises yield surface

3 POINT BENDING

IMPETUS® ~ 3 m/s

stress [MPa]

-3 5 15

50
! e o measurement local DIC
45 4= h g
MAT_024+EQMAX
w@d >
35 4

30 9
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15 4
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PUNCTURE TEST

---- averaged test curves

5 ]
’ 0 olz ol4 ole 0.8 1 1I2 114 - reSUIt Of SImU|at|0n
strain [-]
source: Benjamin Hirschmann, master thesis T E N S I 0 N T E S T
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2 vVALIMAT

From test to material card — ?

Oym ‘T

-l

> &

P

Hardening

:

Peter Q? Bending Benjamin Q? Tension
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AutoFit Comparison — MAT_024 (3PB/TT - based) VALIMAT

meridional plane
50 -

i 5000 1
measurement s [5A] eeee measuremant
MAT_024 (TT-based) + Failure baced
\ ¢ )24 (3PB-base:
MAT_024 (3PB based) MAT_024 (3PB-based)

e '\, 3PBBASED /

MAT_024 (TT-based) + Failure

= » TTBASED & 2.
o £l / U
g g
H N, I -
e H / & 2000 A
Le® -
\ ; / . .
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. 1000 = .
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7.
R ! ! ! : 10 == 0
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15 20 25 N ',." & XA N o 10 15 20 25 30
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3 POINT BENDING e PUNCTURE TEST

1 e e ee measurement local DIC

MAT_024 (3PB-based)

MAT_024 (TT-based) + Failure

stress [MPa]

IMPETUS® ~ 3 m/s .

_ ---- averaged test curves
R e AR AR — result of simulation

strain [-]

source: Benjamin Hirschmann, master thesis T E N S I 0 N T E S T
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2 vVALIMAT

From test to material card — yield surface

M

Lriaxiality

:

Peter Q? Bending Benjamin Q? Tension
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from test to material card VALIMAT

€p
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Triaxiality Damage/Failure
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AUtO Flt without border all velocities
guasistatic

Strategy dynamic
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Workflow for Material Card Generation - AUTOFIT
Optimization yield surface — Drucker Prager

Validation/Optimization: Optimization Yieldsurface
= Drucker/Prager parameters introduced
= Optimized Parameters are set to PRUN

= New Parameters
[ | h_ScaleO from 3PB 9 TT Napmé - J‘Start const...  from to  Variance Conditicn Description

v GroygMame: W0 _eclastidieg

= h2_scale: from TT = CT ~ N o

! y0 PRUN W 20% 50% 50 yield stress
|_— ! y_nuep MNal 0.01 0.5 (MULLY  =xm_nuep_plat plastic poisson ratio
y C a0 5 150 50 =y_T*h2_scale yield stress compression
y.T Mal 5 130 50 =y_0%h_scaled yield stress tension
 GroupName: 21_hardening
h_nuep NaN v 0 05 (NULL)  =xm_nuep_plat hardening plastic poison ratic
T h_scalel 0.7 0.5 1.0 (MULL) scalefactor for scaling the yieldcurve, e.g. tension/bending
[ h_y AUTO A1 150 50 =y 0 hardening yield stress
h_ET PRUN v 0 100 (MULL)  <eE tangent modulus
h2_scale 1.8571 1 3 (MULL) =2/h_scalel-1 scale factor for curve 1
h_h PRUN v 5 200 (MNULL) hardening stress plateau
4 GroupMame: 22_hardening
XM_nuep_eps AUTO v (MULL) (MULL) (NULL) plastic strain to almost reach nuep_plat
xm_nuep_plat AUTO v (MULL) [NULL) (NULL) plastic Poissons ratio at infinite tension strain
Km_nuep_meps AUTO v (MULL) {MULL) {NULL) last point for LCID-P
AM_NUep_pres AUTO v (MULL) (MULL) (NULL) plastic Poissons ratio in compression domain
¥ GroupName: 31_strainrate
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Workflow for Material Card Generation - AUTOFIT

Automated optimization

Menu 4

Optimization

Stop

Open LS-Opt Viewer

DV Start

Postprocess

va

Optimization

Name

Status

00_00_AutoValues

00_01_Validation_3PB_AUTO

01_00_Optimization_YoungsModulus

/|

| 01_01_Optimization_flow_data

m

=

—
Y

01_02_Optimization_strainrate

m.

02_00_Validation_3PB

03_00_Opt_3PBC

Hardening

44

>8p |

Triaxiality
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*
17594 /
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ﬁ
*
*
*
2256
-0.45 155 3.58 5.55 755 9.55
Displacement [mm]
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30

v #

—— Von Mises yield surface

] \ L".‘ —— SAMP-1 linear yield surface
| '\, —— SAMP-1 parabolic yield surface
1 ™ === SAMP-1 piecewise linear yield surface
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=20 -10 0 10
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Workflow for Material Card Generation - AUTOFIT
Optimization yield surface — Drucker Prager

* M AT_O 24 : i ‘ 20— plane strless state _
4, a N3 5

= \Von Mises: f(e) =q—oy

154

104

stress [MPa]

*MAT 187:

pressure [-]

o o5 [
150040 % £
= Drucker Prager: f(e)=q—-b-p—a \ PR QAo I
5 58 VWA §
E -10+
E Matenal behaviour §
Material source Implemented o~ ; ] sl |
= Material card *MAT_SAMP-1 (*MAT_187) log Table-R9.3+ iEREaSERENEE .
- N _.— B 49-"“. ' lgl —_— \I;ruch:er Pr!g::yie:; surface
Deformation ressure dependent (OCrucker-Prager) j 20 ‘ | ‘ ; , : , ~
N P 4 [ ] 5 10 -20 -15 -10 -5 0 5 10 15 20
pressure |- sig_ll
= Designvariables: - .
9 BT: Biaxial Tension
Name Start constant from to Variance Condition UT: Uniaxial Tension
h scale0 0.7 False 0.5 1.0 (NULL) .
y T NaN False 5 150 50 =y 0*h scaleO SH: Sh_ear_ .
y C 90 False 5 150 50 =y T*h2 scale UC: Uniaxial Compression
y_0 PRUN True 20% 0% 20 BC: Biaxial Compression
h2 scale 1.8571 False 1 3 (NULL) =2/h scale0-1
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Workflow for Material Card Generation - AUTOFIT
Optimization yield surface — Drucker Prager

The change of the flow rule must be considered in the hardening law

B Function (Hardening. Elastic cun
Curve 1
Strain range upto
Sampling points
Bias factor
Strain rate dependency
Fracture

Posftfracture

4a model (nue 0.5)
15
50

10
Table ‘\J\

Mone
Mone

NI /OZA

=

B Loadcases

Casename

B Function (Hardening, Elastic cun
Curve 1
Strain range upto
Sampling points
Bias factor
Strain rate dependency
Fracture

Postfracture

APE_stat_low_velo

4a model (nue)
15
50

Table
Mone

WA

MNone

E

10 < '\8;(-

B Loadcases

Casename
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0.5

£ l-2~hnuep
e P ‘hscalen
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l

£ 1-2~hnuep
e P ‘hscalen

Somewhat taken into account
Should use law and a
compression curve



from test to material card VALIMAT
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AutoFit without border all velocities
guasistatic
Strategy

dynamic
MAT_SAMP
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source: Benjamin Hirschmann, master thesis
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Workflow for Material Card Generation - AUTOFIT

Menu

Optimization

Run

Clear
Open LS-Opt Viewer
Postprocess
Create report

Create material card

Automated optimization

1  Optimization

Status

O
7
vV
7
V
7

S<K[R[R[5]<

MName

0_Visual_AUTO

1_Optimization_YoungsModulus

2_Optimization_flow_data

4 Optimize_3PB

| s_validation 372

7_validation_TensileTest

" | 8_validation_PunctureTest_dynamic

| 8 validation_PunctureTest static

> &

Hardening

P
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2 vVALIMAT

From test to material card — ?

M

Lriaxiality

:

Peter Q? Bending Benjamin Q? Tension
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Comparison Fitting Strategies — *MAT 187 VALIMAT

meridional plane
50 ;

50 i 5000

e e ee measurement kil ® e ee measurement
" MAT 024 (3PB-based) ol \ 2o00 1 MAT 024 (3PB-based)
] Tt MAT_024 (TT-based) v MAT 024 (TT-based)
= ] ) @ @7 = 3000 ]
5 NN 2 .
G 21 @ SN P 1000 1 e,
\Q;L /'
0 | | | | SN S
0 5 10 15 20 25 101 R P 0 s 10 s 20 25 =0
Displacement [mm] Displacement [mm]
‘ SN
S POINT BENDING Ex = P PUNCTURE TEST
o

! o oot s
] MAT_024 (TT-based)
z 1000:
-~ 5
IMPETUS® ~ 3 m/s ... averaged test curves
ERRRERAROEARSRS RARAE SRR : — result of simulation

Disfhlacemént [mnfl]

source: Benjamin Hirschmann, master thesis T E N S I 0 N T E S T
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Short Recap

available failure/damage models in LS-DYNA®
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Available failure models in LS-DYNA® VALIMAT

| failure criteria
R e
i -§| strain based
: Y S
i oLy | & damage
i-_________________________;:;;___) ________ . ’
additional failure models Included eq. pl. strain
*MAT_ADD_EROSION *MAT_024
strain damage based included damage model in
= before R11 optional DIEM)/ GISSMO *MAT_SAMP-1(GISSMO like)

= since R11 *MAT_ADD_DAMAGE_DIEM
= since R11 *MAT_ADD_DAMAGE_GISSMO
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Available failure models — incremental damage formulation

—stress undamaged

fallure criteria

stress damaged (linear)

stress damaged (exponential)

stress
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equivalent plastic strain
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strain based

- - - >

\
1
A, || - damage
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_ A WA S
|
—initiation
damage (linear)
. —damage (exponential)
o
o
tU
S
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©
&c gfail
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from test to material card m IMPETUS
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<
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|
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from test to material card m IMPETUS

- 0.33 0 0.33 0.66 N

2 off pE : lrL-Q

| n

Damage/Failure
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2 vVALIMAT

From test to material card — faillure




from test to material card VALIMAT

€p
> 1
Triaxiality Damage/Fallure
va
1 %
> 8p
m IMPETUS Hardening Anisotropic
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VALIMAT® - Identification of failure VALIMAT
manual failure settings (e.g. puncture test)

€00.00 1000.00
PPEG107HP 7x 3PBC EH 1580g v3m/s lw40mm (190508_013) PPLGF20 421 PT EP 22] &g v3m/s lw42mm (120825 001}
[ ]

usersetting fajlure = a
g .h 800.00 /\\

240.00 \ 400.00 = /
/\/ \ / E tfail manuell
= alphamax_ep -1 7
JJ\/\/\ é) / Fan 0.5
-, I |

0.00 0.00
0.00 3.00 6.00 9.00 12.00 15.00 0.00 2.00 4.00 6.00 8.00 10.00
Displacement [mmi] Displacement [mm]

Force [N]
Force [N]

P2 vALIMAT LIVE =Y =
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fracture models = *MAT _ADD EROSION VALIMAT

Parametar model” ]/Mudeldatahase l

(<] 170503_024 Materisl | Designvarisbles |  Layers | Materizlcard MMEC P
B Material behaviour
B Material source Image Comment
Elasticity Densiw -1 ]
Plastici -
asticity Plasticity vonMISES >
Failure/Damage . . . I
B Material card Function (Hardening, Elastic cun
Materialcardcase Strain rate dependency Table .
5 Fracture Damage Damage/Failure
Materialcard id Ductile Damage Settings Johnson Cook e
Density Shear Damage Settings M
Plasticity 9 - 9 ang . .
B Function (Hardening, Elastic curve form) FLC Damage Settings plastic equivalent strain
Curve 1 Strainrate Settings simple criteria
Curve 2 i i i S f d . ??
Strain range upto Postiacture - plEW|SE llear f d + f d * e JCD3
e @ Loadcases Johnson Cook foD1 1CD2
Sampling points ol Casename mod Xue-Wierzbicki "
Bias factor bt Wi hicki
B Strain rate dependency Tests ue-V¥ierzbickl ) ) 41200 -
Strain rate dependency = Seﬁings Upimizatign Maohr-Coulomb | ===plastic fracture strain
e O - — T
B Fracture Weighting case 1 W \
B Ductile Damage Settings ( — 14.00
lower triax value Ductile Damage Settings m 0 T \ ia g0
upper triax value ‘_‘ Johnson Cock = \ .
R 11000
step size triax 0.33 /1% W mod Xue-Wierzbicki g o000
Shear Damage Settings None - -
9 : 9 y "N\ Xue-Wierzbicki 2] 800
FLC Damage Settings MNone i\ ) Mohr-Coulomb E
Strainrate Settings Johnson Cook = 6.00
Postfracture Fracture Energy (T| ‘G \ =
L) 5. UU
Results 2068 v ¥ s
418
A A e
r V.UU T
-1.00 -067 -034 -001 032 065 098
triaxiality [-]
61 ©Ct_zpyright 4a engingering GmbH - 17.07.2020 ; 1 N P H Y s 1 c s wW E T R u s T 4 q
B. Hirschmann, P. Reithofer, C. Schober, pres_20071701_bhir_pr_chob_Summer-School-Day6




typical result - *MAT_SAMP-1 with failure

2 vVALIMAT
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[} 060 7] ¢ J
5 T o 1.00 : —=
= 0.40 % ( __,---"
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r F 6-66 1 0.00
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strain rate [1/s] triaxiality [-]
& i
Vot | “
source: Benjamin Hirschmann, master thesis
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typical result - *MAT_SAMP-1 with failure
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source: Benjamin Hirschmann, master thesis
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From test to material

card — Element Regularisation

2 vVALIMAT
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*MAT-SAMP 1 with internal failure model — influence element size

tensile test

T50.00

1mm 2mm  3mm 4mm  5mm
1 I I I I I
AN

0.00
0.00 1.00 2,00 2.00 4.00

Displacement [mm]

Force [N]

2 vVALIMAT

source: Benjamin Hirschmann, master thesis
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From test to material card — Comparison different material models
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Comparison different material models VALIMAT

= stability
= numerical cost

= number of operations in material model = Translation into simulation model (localization, load path,...)
= relative numerical cost of the material model (measurement model comparison)

= accuracy
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Relative Numerical Cost of the Material Model — *MAT 024
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Relative Numerical Cost of the Material Model — *MAT 124 VALIMAT
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Relative Numerical Cost of the Material Model — *MAT 187
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Relative Numerical Cost of the Material Model
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Relative Numerical Cost of the Material Model VALIMAT
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From test to material card — Summary & Outlook
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from test to material card VALIMAT
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Summary

= Different complexity of material models
= Hardening — Yield Surface — Failure

= - different strategies

= material characterization
= Universal dynamic testing by m IMPETUWUS
= failure in the triaxiality range of 0.33 to 0.66

= Simple as Possible, as Complex’as Necessary

= tools needed to handle-data and to fit complex failure models VALIMAT
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Outlook VALIMAT® 3.8 —AutoFit Failure Parameter Evaluation P’ VALIMAT

= Added a Model setting for the AutoFit which evaluates failure model parameters on the model
results

= The evaluated parameters are available for all following models in the AutoFit
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2 VALIMAT

User-defined specimen/input decks °va::~_f; D €p
User-defined material cards NI S n

o7

with Python
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Thank you for your Attention!

4a summer-school - webinar and training
Evaluating and checking test data
Interpretation of typical results

SAVE THE DATE
16. July - Fiber reinforced plastics and their modelling
approach an extensive guide

2 vVALIMAT

more information on our software
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www.da-engineering.at\valimat ‘
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https://www.4a-engineering.at/4a-valimat
https://www.4a-engineering.at/testpackages
https://www.4a-engineering.at/downloads/comprehensive-test-packages.pdf
https://www.youtube.com/channel/UCgzo_QL773e_1XAT8_-FaZg



