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1st week - Introductiofi-eintd outlook
Introduction to VALIMAT®CiOM test to material card

Efficient dynamexyesting with IMPETUS®

Mateglal card generation: vonMises plasticity (*MAT_024),
simple failure, setting up our Autofit

Summary: Lessons learned, outlook and upcoming features
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2nd week - Advan@fq\\(%ics

14. July - Evaluating and checking\@estdata
interpretation of typic @@1 ts

15. July - general yield sqx@ce (*MAT _187) and other material models,
failure appr&a@h s and comprehensive Autofit setup

16. July - F@e@’&inforced 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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from test to material card

4 vALIMAT

excellence In
validation Gy

Hardening Triaxiality Damage/Failure Anisotropic
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GUI - the graphic user interface

basic menu (left margin, (5))

window top left (1) - test; data base

window top right (2) = measurements; info; measurement results

window bottom left (3) - model parameter; optimization settings

window bottom right (4) = optimization; results of the optimization

the basic menu describes the principal process from the test to the completed
material model and allows a simple and fast access of the most important functions.
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Material models

= Plenty of direct implemented LS-Dyna material models (also Abaqus, PamCrash)

2 vVALIMAT

Materialcardcase

Materialcard id
Density
Plasticity

Micromec
Fracture
Postfracture

M Loadcases
:EI Results

Damage/Failurecase

@ Strain rate dependency

lov

=| Material card

Function (Hardening, Elastic curve

= Whole number of LS-Dyna material models is available through user defined material cards
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*MAT_ELASTIC (*MAT_001)
*MAT_PIECEWISE_LINEAR_PLASTICITY("MAT >024)
*MAT_PLASTICITY_COMPRESSION_TENSION (*MAT_124)
*MAT_SAMP-1 (*MAT_187)

*MAT_FU_CHANG_FOAM [TMAT _0823)

*MAT_COMPOSITE, DAMAGE (*MAT_022)

*MAT_ENHANCED _COMPOSITE_DAMAGE ("MAT_054)
*MATCECAMINATED_COMPOSITE_FABRIC (*MAT_068)
*MAT_RATE_SENSITIVE_COMPOSITE_FABRIC (*MAT_158)
*MAT_LAMINATED_FRACTURE_DAIMLER_FINHO (*MAT_261)
MAT_LAMINATED_FRACTURE_DAIMLER_CAMANHO (*MAT_262)
*MAT_ANISOTROPIC_ELASTIC_PLASTIC (*MAT_157)
*MAT_MICROMEC (*MAT_215)

*MAT_MICROMEC (*MAT_215)+Carbon




HANDS ON SOFTWARE
*MAT 024 Autofit

4 VvALIMAT

excellence In
validation

Hardening Triaxiality Damage/Failure Anisotropic
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Objective/requirements

Fit an elastic viscoplastic material model (*"MAT _024) for SHELL's on 3-point bending measurements
conducted by 4a IMPETUS®. Create an Auto-Report for the found material model.

What one should know:
= VALIMAT® GUI overview & key functioning

Requirements:

= |nstalled VALIMAT® and Python
= VALIMAT® Training Database

= LS-DYNA license
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VALIMAT® - Template database

Settings

Valimat ver, 3.7 .
) Machine parameter

=ir @ |amesswomen

Display/XY-plot

Optimization

B Linksfreferences

: Setup the folder
\e\ containing the template

B System links
Database y

Temp

Python executable
Python executable for user-scripts
Python scripts for Windows
Python scripts for Linux
Folder for Templatedatabases

Data directory

Test plan \

DE-Import

Database

Data directory

A template database can
be imported using the
“Test plan” button
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CA\Temp database under the
e -- settings tab
..1..Hg|obal_settin_gsﬁpyg;ag__
fsimulatioi_ﬂ!‘lF’E_TUSfpyman

[ & 2 = 4

Database

Data directory

Test plan

An additional VALIMAT®
can be imported in the
already opened database



VALIMAT® - Template database

= To use the template database, you have
to create it once - 4a provides you with
an example template database

= Important steps need to be performed

= Create a directory where you store
tests and models

= Create a new (empty) database in
this directory
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P @
@0

A Testi Test database

Date_Nr
Fel |

200218_024|
General information
Test setup
Test specimen

Database
Datz directory
Test plan
DE-Import
Test data
New
E Copy
Measurement ¥
Setup / Start
Impart
| ﬁ Show curves

Evaluation of the test

Evaluate

Load Plots

Unload Plots

Mean value plots

Parameter model

New

ﬁ Copy
Optimization

Create

Edit

gl Start
Fostprocess

Plot material
. Compare Model

Create Report

Create card

=

S ~4

Choose a data directory! *
« v /N J: » Dlieser PC v O Dieser PC" durchsuchen 0
Qrganisieren v S 0
; ~ Gerdte und Laufwerke (1) ~
v 3 Schnellzugriff
0 Windows (C)
I Desktop 2 ——
& Downlosds Mg 27,1 GB frei von 237 GB
|5 Dokumente ~ Netzwerkadressen (7)
| Bilder MaterialData (v\10.0.0.231) (M:) 2
[ |
PO Docs W™ 200 T8 reivon 33878
E-Berichte 4a_projekte (1\,10.0.0.200) (P:)
15071601_afer 4aim gy | .
o prvopy e 205 TBfreivon 90278 Directo ry 0
) QM _4a_Gruppe (\\10.0.0.200) (Cx) .
E-Berichte
- — your choicg
VALIMAT-Usermeet & 205TBfreivon9.02TB
i SimulationData (\\10.0.0.231) (51
@ OneDrive a r—
197 GB freivon 300 GB
» [ Dieser PC pt rerven
4a_infrastruktur (4 10.0.0.200) (W:)
b Netzwerk |
W™ 505 T8 freivon 9.02 T8
4a_mitarberter (v\,10.0.0.200) (Y:)
|
W™ 505 18 freivon 9.02 T8
4a_eng_vertrieb (1 10.0.0.200) ()
|
W™ 205 T freivon 9.02 T8 -
Ordner: | Dieser PC /—\
3 (o | | Astrcren
— N
| C S w E T R u =] T



IMPETUS® - configurations IMPETUS

-

3 POINT BENDING

COMPRESSION TEST

BASIC
STANDARD
PROFESSIONAL

© Copyright 4a engineering GmbH - 17.07.2020
H. Pothukuchi, C. Schober, pres_20071701_chob_hpot_4a-Summer-School-Day3



VALIMAT® - Template database

= Using template database streamlines the workflow of generating material cards from the tests
conducted under the different loading conditions

= |tis especially useful, when the test setups for the optimization or validation of the material cards
are the same, as shown in the test package overview in the previeus’slide

= As a demo, we will go through the template database for the material package isoP standard
= The material package uses static and dynamic bendingtests to generate the material card.
= Dynamic puncture, clamped 3-point-bending and tensile tests to validate the material card.

v
-
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VALIMAT® - Template database

D BH @ Test,” Testdawmbase

. . 00 | s |
= Template database is available for all L Fempersureof e st 5ecnen | o iom ot h e spocimen

Data directory D Tester Project name | Customer Material Name of th... Series Ambient te... Ar

packages: basic, standard, professional e —

Test data | Test method: 3PBC (3-Point Bending clamped) TeStS
+| Test method: TT (Tensile test)

Copy

i (4] Tect method: PT (Puncture test)(b)

Measurement

Setup/ Start

Import
6(:" Show curves

Evaluation of the test

UnloadPlats

ene =g valte plots

iy = < 5
SParametermode!
l Mew Pammeatar rmdel’/l/ Model databasa
. Copy Series |
|
Optimization 1D Dataset name Modeller Series Validation/... Material na...
Creste # Series:
Edit

=l Series: MC3-Autofit
g ot Start P1 E. 200224171 0_VISUAL_AUTO mr MC3-Autofit  AutoValues  Kunststoff
Pu E. 200224172 00_Validation_3PB_AUTO

Postprocess HE imization_YoungsMoc 1 1
raee | |28 Zme e Generation of the material card

. Compare Model fu E. [] 200224 162  3_Optimization_strainrate mr MUS-AUTOTIE  UPTIMIZANO... KUNSTSTOTT
Create Report P‘: E. 200224_163 4 Validation_3PB mr MC3-Autofit  Validation Kunststoff

=l Series: MC5
Create P‘ E. [i] 200224 164  5_Optimization_T/Bfactor_3PR" var RS Mntirnizatinn Kunctcbnff

P1 E. [:] 200224 165  6_Optimization_strainrated 3

me meos eeesewns  Valldation of the material card

¥ @ [ 200224167 7_Validation_3PBC_MAT187

PA E. [o] 200224 170 7 _Validation_PunctureTest_dynamic_MAT137 mr MC5 Validation Kunststoff
PA E. [o] 200224 169 7 _Validation_PunctureTest_static MAT187 mr MC5 Validation Kunststoff
P‘: E. (5] 200224 168  7_Validation_TensileTest MAT187 mr MC5 Validation Kunststoff
16 © Copyright 4a engineering GmbH - 17.07.2020 1 N P H Y s I c s wW E T =) U s T

H. Pothukuchi, C. Schober, pres_20071701_chob_hpot_4a-Summer-School-Day3




VALIMAT® - Template database

= As an alternative, you can also import the
template database in an already existing

oy e

(2 i

Diata directory

Database

Festpisg

Date_MNr

4: Check on this box

General information
Test setup

Test specimen
Evaluation

so that all tests and
models g\et a new |ID Il

database by following these steps
N——
Test data
New »
Copy T
Measurement ' o T S i D i
Setup / Start " =
Import | > 2
Show curves
d(} - [WTestss/[¥) Models [~ Reset data sets Import yS ~ ‘/’(
Evaluation of the test r | v - 5
Evaluate \ 4
e ==
Unlead Flots = L
- Offnen *
Mean value plots
e ) N <« P1-BXF.. » P1-Pruefung0l-vom-171201 v O P1-Pruefung0l-vom-171201.. @
“Baameter model K E
New Organisieren « Meuer Ordner =« [ 0 E
-_* h . ~ - ™
o Copy E-Berichte o * Mame Anderungsdatum Typ E
Optimization 15071601 _afer 4 curvestore Dateiordner F
Create 18113001_pr VO DatenShimadzu Dateiordner
Edit E-Berichte Fotos Dateiordner
w Start VALIMAT-Userm model Dateiordner
4a_impetus Microsoft Access ...
Fostprocess @ OneDrive
Flot material 1 Dieser PC
. Compare Model
Create Report i Netzwerk i t
Dateiname: || v| mdpaadh) w
—
Create card W} 3Abbrechen
"l USETUST SPETTETT WITOTT O T TR UIYLUHLIIIY\.J\UJ1
7 Resulis |
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VALIMAT® - Template database

= Advantages of the template database
= Test setup already pre-created

Parameter models for creating workflow already stored

= Test IDs are linked in models

= Checks that need to be carried out:

Update test specimen names and geometry (e-g. pendulum mass, gauge length)
Check length of test curves
Optimization of Youngs modulus = trimtest curve to obtain a suitable length for optimization

Optimization of plastic data and strain rate dependency = optimization curve should be a little
over the force maximum

Check the starting values and limits of design variables
Check if the test IDs are linked correctly to the models
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24 VALIMAT

Introduction MAT_024 AutoFit
Basis 3-Point-Bending
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Efficient dynamic testing

! I I [

—

S0 ¢ W0, 23°C 3
' 0.1 mm/s
40 = - 1 mm/s —— L
- - "' 1mls ——
— 4mis ——
Z, 30} i
m h
s | —< g IMPETUS
LL
10 B B . . .
<+—= Jniversal static testing
0 _

\\V) | | |
0 5 10 15 20

Displacement [mm]
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Commonly Used Material Models For Plastics

= *MAT 024 - The workhorse
(*MAT 081,*MAT 089,*MAT 123, ...) T
- — J o ® @ Rt
N J % Jm .
1 y |
\_\ \"‘-._
L.‘:,A::-‘-': Von Mises yield surface :: V 5] — Von Mises yield ﬁu;ace
Visco- Visco- Comp./tension plastic
Material model ield surface 7 g ) | )
Y elasticity plasticity asymmetry Poisson's ratio
*MAT 024 von Mises x v x 0.5
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MAT_024 introduction dvAaLIMAT

*MAT_024 (*MAT_PIECEWISE_LINEAR_PLASTICITY) is the most commonly used material card for crash
simulations in LS-DYNA.

= Itis an elastic, viscoplastic material model
= Von Mises yield surface
= associated flow rule

= hardening curves can be defined arbitrarily for selected strainrates

= interpolation between the hardening curves of different strain rates can be performed either linear or
logarithmic

more information:
= "LS-DYNA_Manual Volume Il R11.pdf"
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MAT_024 introduction VALIMAT
material card overview
= Material: PPEG107HP

= *MAT_024 material card:
= Deformation: elastic, viscoplastic
= Von Mises yield surface
= associated flow rule = plastic deformation at constant volume

100 1 - . 15.00
o0 S0 SIS S S
o ==ty SN S, S A ;

70 {{=151% s /4 ﬁf—
'E'GO —1003(151)53 /'///// ;ffji/?r— /
% 50 /A//// - et /
';'40 //// /{l P
§30 _g///f_ 7/

520 e

\

stress [MPa]
T
s
> e
0

— :
10 o/ 2CT - 44
O NGINEER ! I OO 1
0 05 1 15 10 ® ° *
plastic strain [-] pressure []
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AutoFit
Data

\ I m b t I
Case 0 w Pendulum
50,00 [m/s] [mm] [a] [mm] [mm] [mm]
3PB_VO0Op1l d0O0 | 0.0001 | 40.01 0 9.93 1.99 49.75
3PB_V1 d00_|I 0.001 40.01 0 9.91 2.00 50.06
40,00
3PB_V1000_doo0 | 1 40.01 1580 9.91 1.99 50.10
3PB_V2500_d00 | 25 40.01 1580 9.91 1.99 49.94
30.00
=
[¥]
[Z)
=
[F'
20.00
10.00
030
0.00 4.00 8.00 TA00 18.00 20.00
Displacement,[mm)
model 190912_019 ¢
_V
(] [
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from test to material card VALIMAT

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

25




AutoFit
Strategy

MAT 024

ANANANE

-«

-«

-]

-«

-«

-«

-

e

-«

without border all velocities
guasistatic low velocity
guasistatic high velocity
dynamic low velocity
dynamic medium velocity

Force [N]

50.00

40.00

30.00

2000

V

A

2000
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Workflow for Material Card Generation - AUTOFIT VALIMAT

Automated optimization

- 0O X
Menu 4 Optimization Fis) b
5 Status Name ek -
Optimization 19.86
R — 3PB_V2500d00_Lres
0_VISUAL_AUTO 1000 O 6.1_3PB_V2500_d00_Lres1 i 1.6%/ max4.9%
N 210
Clear
r 1_Optimization_YoungsModulus AUTO 0 f \
p— E
Open LS-Opt Viewer 7 b )
DV Start f-—" 2_Optimization flow_data PRUN([) H 2392
h z
Postprocess \/ E N @
— S
# '
Create report V ; 3_Optimization_strainrate PRUN(c) P
| B— | E 15.95 ‘
Create material card \/ r ] Y
v / 4_validation_3PB PRUN(} P “
— SV
- o 797 i
-0.00
-0.00 2.98 5.96 894 11.92 1489
Displacement [mm]
Close

L4 sit) Fit) F(§) SiglepShy®ps(epspkt)

. v

| p Vv

Hardening B
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va

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 eE v |
Optimization

39.88 /
Run 3PB_VO0p1_q00_Lres1 -
l:] 0_VISUAL_AUTO 10000 O 1.1_3PB_VOp1_dgo0_Lres1(fivg:20%/ max:3.3% —
S
e 24.8% max-7h%) -’/
V X [
5 31.87 e m
ear
/ 1_Optimization_YoungsModulus AUTO 0 .EPPT:IEN,M\ N/ max:s. 9%
V2500_d00_Lres 2 5.9%
E o
Open LS-Opt Viewer v z 7
DV Start f'_— 2_Optimization_flow_data PRUN() P 2387 \ [ \
- h £ X n
Postprocess \/ 2 %) / /
— - = o \ =
Create report ’fs 3_Optimization_strainrate PRUNI(c) P B G)
] 15.8 ) L\
Create material card 1 U)

4_Validation_3PB PRUN(c)

7.86

% resulting yield|curves

-0.00 491 9.82 1473 1964 2455
Displacement [mm]

‘ » @ FO r‘:)_sgm #Ds(epspkt) Straln [_]

Close

va

Hardening

!
p v
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AutoFit
Auto Values

Validation/Optimization: AutoValues =» Model used for start value generation

= _EL = Young’s Modulus e E
= HC = hardening curve parameter estimation
= VP = to evaluate the strain rate dependency v_p

important v_epspkt will be taken from Designvariables

(il 159512.01¢] [ Material | Designvaniables | Layers g“\v
B Model settings _ 0,(\

Datasetname 0_VISUAL_AUTO ) . ) .
Series 11 RT maTo24 | M C Mame Start const.. from to Variance Condi... Descri...
Modeller bhir \
7 o St A GroupMName; 31 nrat
Validation/Optimization AutsValues( e —
B Loadcases L) Iv_epspkt 0.0001 v 0001 1 (NULL) initial... |
Casename 3PB_V1_d00_|
- - b mrm ma s
Casename 3PB_V2500_d00_| JEL_HC_VP Click here to add a new row
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AutoFit
Auto Values

Auto Values Model = script get_auto_opt_startvalues.py

Start parameters polymer law:
Name Start constant from to Variance
e E 1827.34 True 10% 10% (NULL)
h y 7.38390510073361 True 50% 50%
h y2 14.76781020146722 True 10% 20%
itabase-PPEG107HP > model » 190912_014 h_eps0 0.006771626753819869 True 10% 20%
h n 1.1 True 0 5 (NULL)
L h b 0.01 True 0 1 (NULL)
\ﬂaﬂﬁe h_nuep -1.0 True 10% 20% (NULL)
v_p 7.893796663800692 True 50% 50
v_epspkt 0.0001 True 0.00001 1 (NULL)
(
(

= auto_opt_copyvalues.txt

y_nuep=-1000050True (NULL) (NULIY

xm nuep plat=-1.0 True (NULL) NULL) (NULL)

=| auto_opt_startvalues.txt

E=1827.34ERIA3

nue=0. 35N
0=7.383905100733c1 ERiN
T=7.38390510073361

' C=7.38390510073361 @R
y_SH=7.38390510073361 Gl
y B=22.381144501555254 @03
h_scale0=1.0CRNE
h2_scale=1E2A3
h3_scale=1GRM3
h_y=7.383505100733¢1 A3
h_y2=14.76761020146722 @23
h_eps0=0.0067716267538198 ¢ @A

E

Y.
¥
Y.

h:hZS. 5071240805868 6 %R
h ET=365. 4666l
y_nuep=-1000050 GRM
xm_nuep_eps=0. 2EH
xm_nuep_plat=0.05ERA3
xm_nuep meps=0. 3 @RS
xm_nuep_pres=0.5ERHF
h_nuep=0. SEIAI
v_p=7.8%3786663800652 G
v_epspkt=0.0001@AI
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Condition
(NULL)

(NULL)
(NULL)

(NULL)

>h y
>h y



AutoFit
Optimization Young’s modulus

Validation/Optimization: Optimization Young’s modulus
= MAT_ELASTIC =» to Fit Young’s modulus

= |n design variables e _E = AUTO which will be replaced by script result'of the Young’s modulus
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AutoFit
Optimization Young’s modulus

Automated optimization -
Menu 3 Optimization Fis) i
BT Status Name ek =
Optlm|zat|0n 1163
Run 3PB_V2500d00_lres1
0_VISUAL_AUTO 1000c) O 7.1_3PB_v2500_d00_Lres1[avg:4.7%/ max12.8%) .
| — )y Checks:
o 945 5 are oscillations too high?
V 1_Optimization_YoungsModulus ?
curve long enough®
Open LS-Opt Viewer . . .
\V curve still linear elastic?
DV Start v /™| 2_Optimization_flow_data PRUN() P 7.27 A
h — *
Postprocess ‘ %
\/ 1 \ =
Create report v ’___.../—""""‘ 3_Optimization_strainrate PrUME, WP N o
¢ ] 5.10 A
7 '
Create material card \/
v 4_validation_3PB PRUN[ P
- fA N 292 /
0.74
0.00 0.21 042 0.63 0.84 1.05
Displacement [mm]
Close
1 P sty Fit) F(s) sigleps) eps(epspkt)
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AutoFit [dVALIMAT
Optimization hardening — 4a model

= LS Dyna - *MAT_024 stress _ |
= plastic behavior described using the meta t /*fff: || herec }
model of Schmachtenberg "
1 hET ‘€ pl ﬁ/ M 81.0 Vi
hy +EmtE T & /1/#71’_——
e £ "
E p l 1 + Eh11 pl f/ i
/ :
= hardening linear increased by coefficient /\ama" %
Ner/eg
= gstrain rate dependency basedon strain

Johnson- Cook.

max(¢ vé))
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AutoFit
Optimization hardening

Validation/Optimization: Optimization hardening

= a parametrized model is used for the hardening curve and the strain rate dependency

= Optimized Parameters are set to PRUN

= New Parameters are setto AUTO

B Material behaviour
B Matenal source
Elasticity
Plasticity
Failure/Damage
B Matenal card
Deformation
hardening model Damags/Faiure
Materialcard ID
Density
Yield behavior
= Function (Hardening. Elastic curve form)
Curve 1 f A
Strain range upto

strain rate dependency model 2 v Xt
ampling points ¢
Bias factor
\ Sl.ramratadepen_d.er@ -
& girgin fatedependéncy curve
VE

_Tst sfrgm rate

strain rates for strain rate S oan ok
dependency used in the material St
Card 6th strain rate

7th strain rate
8th strain rate

© Copyright 4a engineering GmbH - 17.07.2020
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Implemented

Linear isotropic elastic

Yes

Damage

*MAT_PIECEWISE_LINEAR: PLASTICITY ("MAT_024)
Plasticity Table Réate log Table

None A A
10000000

-1

” vonMISES

~ 4amodel (nue 0.5)

25

100

1

Table
Johnson Cook j
Plastic strain
0.0001

0.001

001

0.1

1

10

100

1000

MName Start const...

GroupMName: 10_elasticity

e E PRUN v
&_nue PRUN v
GroupMName: 20_yield

y0 AUTO

GroupMame: 21_hardening

Variance Condi...

Descri...

youndg...

pOIss..

yield s...

scalef...

h_scale0 |1.0 v
h_y 90 v
h_ET NaN v
h_h AUTO

=4

GroupMName: 31_strainrate
v_p AUTO v

v_epspkt AUTO

<

harde...
tange...

harde...

train...

initial...



AutoFit
Optimization hardening

Automated optimization -
S Status Name ek v
Optimization 29.85
Run 3PB_V2500 [d00_|res1
0_VISUAL_AUTO 10001) O 6.1_3P8_v2b00_d00_Lres1fava1 6%/ max4.9%)
| Vi Checks:
. 3189 curve long enough?
v 1_Optimization_YoungsModulus AUTO 0 .
E good fit?
Open LS-Opt Viewer v
iS5 Vol 2 Optimization_flow_data PRUN(c) 23.92
h | =
@
Postprocess \/ a\ g
Create report v ’___,..f"""'" 3_Optimization_strainrate PRUMNTS, P =
€ : 15.95
-’ '
Create material card \/
v 4_validation_3PB PRUN[ P
mate AN\ 7.97
.00
-0.00 298 596 894 11.92 14.89
Displacement [mm]
Close
1 P sty Fit) F(s) sigleps) eps(epspkt)
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AutoFit
Optimization strain rate dependency

Validation/Optimization: Optimization strainrate
= a parametrized model is used for the hardening curve and the strain rate dependency
= Optimized Parameters are set to PRUN

= New Parameters are setto AUTO

Mame Start | const. | from to Variance Condi..
GroupMame: 10_elasticity
e E FRUMN | 100 10000 =00
e_nue FRUMN W [MNULL) (NULLY (NULL)

GroupMame: 20_yield

y 0 PRUMN L AN 130 30
GroupMame: 21_hardening

h_scale0 PRUN W 03 1.0 [MULL)

h_y a0 Wi 5 150 50 =y_0
h_ET PRUN | 0 100 (MULL)  <eE
h_h PRUN W 3 200 [MULL)

GroupMame: 31_strainrate
v_p AUTO 20% 20% [MULL)
v_epspkt  PRUN | 00001 1 (NULL)
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AutoFit
Optimization strain rate dependency

Automated optimization -
Menu 4 Optimization F(s)
S Status Name ek v
Optimization 19.88
Run 3IPB_V1_d0g_l.res1
0_VISUAL_AUTO 1000(c) 0 3.1_3PB_V1| d00_l.res1(avy:4.5%/ 5)
3IPB_WV2500/d00_lres1
v 3.1_3PB_V2500_d00 ;I;/T .
V .87 v
Clear - .
v 1_Optimization_YoungsModulus AUTO 0
Open LS-Opt Viewer v
DV Start v /——’ 2_Optimization_flow_data PRUNC P 2387
h =
| = -\\
Postprocess \e -
b
Create report 3_Optimization_strainrate PRUT 4
15.87
Create material card \/
v 4_validation_3PB PRUN[ P
= f AN 7.86
-0.14
-0.00 259 5.19 7.79 10.39
Displacement [mm]
Close
1 P | sty Fit) F(s) sigleps) eps(epspkt)
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AutoFit
Validation

Validation/Optimization: Validation
= All optimized Parameters are set to PRUN
6 Mame Start const..  from to Varnance Condi..

.
(\(\g GroupMame: 10_elasticity
e eE PRUN 100 10000 500

. 0@ & nue PRUM (MULL) [NULL) [NULL)

g\ GroupMame: 20_yield
(\ y 0 PRUN 5 150 50
D 6 GroupMame: 21_hardening

h_scale0  PRUN 0.5 1.0 (NULL)
o NN WIS 10 50 =0
@ h_ET PRUN 0 100 (NULL)  <eE

h_h PRUMN 5 200 (MULL)

GroupMame: 31_strainrate

o R ek ok

v_epspkt  PRUN 0.0001 1 (NULL)

- R AR AR LAY (@




AutoFit
Validation

Automated optimization - B8 %
Menu 1 Optimization Fis) =
o Status Name ek v
Optimization 39.88
Run
0_VISUAL_AUTO 10000 O
= \4 31.87 o f o
ear R 3PB_V2#YP |d00_L|rest A
V E 1_Optimization_YoungsModulus AUTO 0 1.1 2P 00_dog g res .
Open LS-Opt Viewer v )
DV Start v J™====| 2_Optimization_flow_data PRUN() P 2387
h ‘
Postprocess \/ (o
e v p 3_Optimization_strainrate PRUMTE), Gl o=
€ \ < 15.87

Create material card

4 Validation_3PB PRUN(c)

et

7.86

-0.14
-0.00 491 9.82 1473 19.64 2455
Displacement [mm]
Close
4 » s{t) Fit) F(s) sigleps) eps{epspkt)
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24 VALIMAT

MAT 024 AutoFit - Live
Basis 3-Point-Bending

41C]
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24 VALIMAT

Simple Failure
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Available failure models in LS-DYNA®

| failure criteria
R e
i -§| strain based
i oLy | & damage
E__________________________;;;____) ________ ! ’
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

42 © Copyright 4_a engineering GmbH - 17.07.2020 1 N P H Y s I c s wW E T =) U s T
H. Pothukuchi, C. Schober, pres_20071701_chob_hpot_4a-Summer-School-Day3

41



Available failure models — incremental damage formulation

—stress undamaged

fallure criteria

stress damaged (linear)

stress damaged (exponential)

stress

© Copyright 4a engineering GmbH - 17.07.2020
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equivalent plastic strain
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strain based

- - - >

A, || - damage
)
_ A WA S
|
—initiation
damage (linear)
. —damage (exponential)
o
o
tU
S
:u
©
&c gfail
equivalent plastic strain
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Comparison DIEM-GISSMO visualized

—rfailure strain

£
©
-
(2}
2 /
=
‘©
[T
4d..
0.00 0.33 0.66
triaxiality [-]
—rfailure strain
£
©
-: /
(7]
2 .
3
©
[F
4aq..
0.00 0.33 0.66
triaxiality [-]
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failure strain [-]

failure strain [-]

—triaxiality 0.67
—triaxiality 0.33 2C ..
0.001  0.01 0.1 1 10 100 1000
strain rate [1/s]
|
|
—triaxiality 0.67
—triaxiality 0.33 21
0.001 0.01 0.1 1 10 100 1000
strain rate [1/s]
1 N P

failure strain [-]

failure strain [-]

—failure strain at 1000 1/s
—=failure strain at 0.001 1/s

4C1

0.66

0.;33
triaxiality [-]

0.00

==failure strain at 1000 1/s
—failure strain at 0.001 1/s

- —

0.00 0.33 0.66
triaxiality [-]
S 1 = =] \"' E T R U



Comparison DIEM-GISSMO visualized

—rfailure strain

/

failure strain [-]

0.00 0.33

triaxiality [-]

—rfailure strain

failure strain [-]

4aq..
0.00 0.33 0.66
triaxiality [-]
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failure strain [-]

failure strain [-]

—triaxiality 0.67
—trlaX|aI|ty 0.33 A
0.001 0.01 6@ 1000
=—=triaxiality 0.67
—triaxiality 0.33 Z1C1
0.001  0.01 0.1 1 10 100 1000
strain rate [1/s]
1 N P

fa.

failure strain [-]

—failure strain at 1000 1/s
—=failure strain at 0.001 1/s

4C1

0.66

0.;33
triaxiality [-]

0.00

—failure strain at 1000 1/s
=failure strain at 0.001 1/s

4C

0.66

0.33
triaxiality [-]

0.00



Available failure models — typical curves

fallure criteria

.

(=

lastic failure strain %,; [-] =
o

\

—
I —
I
-—
i

Triaxiality [-]
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strain based

plastic

T ] e Test dta atF = 0.04%
» Foyt \daty at & = 0.05!
a\ Test” diifa at ¢ = 1304

damage

¢ Test data at ¢ = ?{][];
' mBW '

»Cutoff value

3 |§| ! Strain rate & [1/9) iJ—i



From test to material card m IMPETUS

«K >
<
I
-l <
<l
N

_v=
o, '
- f.’.i‘:(. s ey
) TR T A ey e H
- 0.33 0 0.33 0.66 N
I > M
Damage/Failure
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From test to material card m IMPETUS

O\Qﬁ\

4 GroupMame: 31 _failure

uf NUMFIP -75 ' [MULLY (MULLY (MULL) Mumber of fajled int;gra;:ic; points pr..

‘ fd_FC_mOp6a 2 ' 0.1 1 [MULL) Failurecuw; pn—in; athF{E'.K -0.66

. fd_FC_mOp01 2 | 0 1 [MULLY IF_ailu_re |:_4_|rl.fe point at TRIAX -0.01
fd_FC_0p0 0.4 ' 0.5 132 [MULL) :fd:;... F—aiI;rE curve point at TRIAX 0.0
fd_FC_0p11 0.4 ' 0.5 132 [@ :?d:F' Failure curve point at TRIAX 0,11
fd_FC 0p22 0.4 ' 0.5 132 [l =fd_F.. Failure curve point at TRIAX 0.22

O fd_FC_0p33 0.4 10% 10% [MULL) Failure curve point at TRIAX 0.33
fd_FC_Opd4 0.4 | 08 1.3 [(MULLY  =(fd_F... Failure curve point at TRIAX 0,44
fd_FC_Op53 0.4 | 01 1 [(MULLY  =(fd_F... Failure curve point at TRIAX 0,55

. fd_FC_0p&BE 0.4 ' 0.1 1 [MULL) Failure curve point at TRIAKX 0.66

4 GroupMame: 32_failurestrainrate
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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
E| Material source lm 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 — f d . ??
Strain range upto Postiacture - plEW|SE llear f d + f d * e JCD3
e @ Loadcases Johnson Cook $OD1 JCD2
Sampling points ol Casename mod Xue-Wierzbicki "
Bias factor bt Wi hicki
B Strain rate dependency Tests Le-yrierzicks | . 1200 -
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 Cook E \ .
. . 1000
step size friax 0.33 Fa> A\ W mod Xue-Wierzbicki g roou
Shear Damage Settings MNone ] I
t : t £ =\ Kue-Wierzbicki (72} 800
FLC Damage Settings MNone i\ ) Mohr-Coulomb E
Strainrate Settings Johnson Cook = 6.00
Postfracture Fracture Energy (T| ‘G \ =
Y =.UU
Results 2068 y L
ALS
A e
r V.UU T
-1.00 -067 -034 -0.01 0.32 0.65 0.98
triaxiality [-]
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Automatic report generation

= Requirements
= Atesting database with correct values in the following fields

1D Project name Customer Material Series Thickness  Width Length | Temperatu... Mass of the pendulum | Velocity Distance of‘pporl_
ﬁ = E == 140313001  Ringversuch 4a engineering GrmbH PP LGF30 longitudinal 1.8 10 50 23 1466 1 39.89 \
ﬁ =R E == 140313 002  Ringversuch  4a engineering GmbH PP LGF20 lengitudinal  1.81 9497 50 23 1466 1 3889
ﬁ = E] == 140313002 Ringversuch 4a engineering GmbH PP LGF30 longitudinal 1,82 9.99 50 23 1466 1 39.89
ﬁ =] B == 140313004  Ringversuch 4a engineering GrmbH PP LGF30 longitudinal 1,82 9.98 50 23 1466 1 39.89
ﬁ [ E = 140313005  Ringversuch 4a engineering GmbH PP LGF30 lengitudinal 1.8 9.99 50 23 1466 1 39.89
ﬁ = E] = 140313006  Ringversuch 4a engineering GmbH PP LGF30 lengitudinal 182 10 50 23 1466 1 39.89
ﬁ =] a == 140313007  Ringversuch 4a engineering GrmbH PP LGF30 perpendicular 1.82 9.97 50 23 1466 1 39.89
ﬁ = E == 140313008  Ringversuch 4a engineering GrmbH PP LGF30 perpendicular 1.81 997 50 23 1466 1 39.89
ﬁ ] E == 1403132 009  Ringversuch 4aengineering GmbH PP LGF20 perpendicular 1.83 993 50 23 1466 1 39.29
ﬁ = E] = 140313010 Ringversuch  4a engineering GmbH PP LGF30 perpendicular 1.82 9.99 50 23 1466 1 39.89

A model database with correct values in the-fallowing fields
Material name —

D Dataset name Material name Series

=+l Material name:

=l Material name: PPLGF30
=l Series: longitudinal A\
ﬁ f‘: 140318 002  Young's Modulus PPLGF30 longitudinal
A 3 140318003  Plastic Data PPLGF30 lengitudinal
ﬁ f: 140315 004  Strain Rate Dependency PPLGF30 lengitudinal
ﬁ '::_“ 140318 005  Validation PPLGF30 lengitudinal

= Powerpoint templates
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Generation of a template
One can generate customized .PPTX template
There are several possibilities to choose from

<<img_sc_F(s);auto;legend_off>> : image of the simulation‘curve force vs. displacement
with auto scaling and without a legend

<<img_sc_F(s);0;0.002;0;1000>> : image of the simulation curve force vs. displacement
with scaling from 0 to 0.002 m and from Q1621000 N

<<img_sc_sig(eps);auto;legend_off;sc\ only>> : image of the simulation curve stress vs.
strain with auto scaling and witheut a‘legend; just the simulation curves are displayed
<<img_tc_v(t)>>: image of:\the test curve(s) velocity vs. time with auto scaling

<<img_tc_F(t);xmin;xmax;ymin;ymax>> : image of the test curve(s) force vs. time with the
scaling xmin to xmax for time and ymin to ymax for force; values have to be replaced

© Copyright 4a engineering GmbH - 17.07.2020 1 N P H Y s 1 c s wW E T R U s T
H. Pothukuchi, C. Schober, pres_20071701_chob_hpot_4a-Summer-School-Day3

=)




Automatic report generation

= EXport using Template

Template

Panmmdd"/ Model database l

00_Autovalues kmar AutoValues  PPT16

New

Copy
Select test data sets

Approved
Not approved

Invalid

A E Choose File '
200220_034 | 04_Validation Autofit Validation

Lock \ A
6 Insert File

Mark
@a (7zip)

Auto Fit
Create material card

Plot material

selected models , ,T| Cancel I

<l




Automatic report generation

Template Generated rwt
measurement results, <<db_T_case_1>>°C, <<db_mattyp>> VALIMAT measurement rezllfe@’”ﬁ VALIMAT
E moduli Hardening a 3-point bending ‘_*_‘_ Emoduli 4 Hardening E 3-point bending ,'_*_'_

<<img_sc_F(s);auto;legen <<img_sc_F(s);auto;ilegen b pdd
d_off;index:1>> d_off;index:2>> ' l > / ‘\\ ' l
X QQ.J = /
\! e /
- /
Strain rate dependency Validation of curves Strain rate dependency % Validation of curves |/",|
<<img_sc_F(s);auto;legen  <<img_sc_F(s);auto;legen A@
d_off:index:3>> d_off:index:4>> B S
al 2 //—-\\
a0 A~ il
F o
/ |

4d

- R AR AR LR R (@



Automatic report generation
= Tests are exported to a Powerpoint

o

Template Gen report

Reverse engineering, <<db_mattyp>>, <<db_T_case_1>>°C VALIMAT R ee gineering, PPT16, 23°C VALIMAT
3-point-bending tests ° itibending tests
<<img_sc_F(s);auto;legend_off>> Gase i | ey | e |t | (\ g ;mv Cese ||| ) | o | o
ccase 1> IV SN gy sy <D <db it <<db LT e statjow velVP 00001 4001 0 1002 242 | 5049
[ <<case_2>> | e stat_high_vel 0001 4001 0 | 1003 242 5020
<<case_3x> ° a8 dyn_low_vel_EL_HC_VP 1 4003 1580 1003 242 50418
<<case_4>> \ dyn_high_vel 4 40.03 1580 10.02 242 50.20
e<case_5>> 5902

Foree [N]

]
6
ratreress
D e
+++ Mean value curves testing \
— oplimization curves simulation 02

0.02 198 in 599 800 10.00
Disptacement [mm)]

imodel <o modell_id>> model 20220_034

solver, <adhy_sohver>, matesial carc: <<db_mal_fie>>, element size: <cdb_eisizex e, ‘solver: LS DYNA, matesial card: 'MAT_PIECEWISE_LINEAR_PLASTICITY ['MAT_028), element size: Zmm,

element type:<<g0_elorm>>, IMough MiCKTeSS Inegralion points: <<db_elayer>> element fype:16: Fully integrated shell eiement {very fast), through thickness integration points: -1

assumglions. Poisson's e <<db_nue>>, fiction coefficent. <<d_r>> * assumptions: Pomson's ratio: 0.3, friction coeficient 0.1 i

q q
L] u

- R AR R AR LAY (@




Thank you for your Attention!

4a summer-school - webinar and training
Material characterization with VALIMAT® and IMPETUS®

SAVE THE DATE
10. July - Summary, lessons learned outlook and
upcoming features

2 vVALIMAT

more information on our software

[OimPETUS

b, I

Anisotropic Triaxiality

£ 5 | N e
aq BE=DE : Vd 16 = .
7 = - [ .
Damage/Failure Hardening
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



