4 VALIMAT

4a Summer School Day 8
[OimpPETUS

Python: a powerful tool with VALIMAT®, user defined
material cards/specimen

B. Hirschmann, H. Pothukuchi, Ch. Schober
Traboch, 17.07.2020

4

© Copyright 4a engineering GmbH - 17.07.2020 1 N P H Y s 1 c s wW E T R U (= T
B. Hirschmann, H. Pothukuchi, C. Schober, pres_20071701_bhir_hpot_chob_Summer-School-Day8



4CI Summer School

AL
e
AR

AR

2 © Copyright 4a engineering GmbH - 17.07.2020
B. Hirschmann, H. Pothukuchi, C. Schober, pres_20071701_bhir_hpot_chob_Summer-School-Day8

2"d week - Advanced topics

14. July - Evaluating and checking test data
Interpretation of typical results

15. July - general yield surface (*MAT _187) and other material models,
failure approaches and comprehensive Autofit setup

16. July - Fiber 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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4CI Summer School

Content of session 8

Python Interface e)

User Defined Material Cards ;';

User Defined Specimen
User Defined Input deck
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What is possible with the Python interface VALIMAT

A Access all values that are stored in the VALIMAT® database (read-only]
A Read the raw measurement data for custom evaluation
A Read the evaluated data

A Read the simulation results

A Add custom packages that are not distributed with Valimat vaI

Hardening  Triaxialty =~ Damage/Failure ~MISOtrOPIC
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Setting up python in VALIMAT® Uberschrift

Valimat ver. 3.7

OH 2> @
00

g2 Linksfreferences

A Make sure that a Python 2.7 executable is
properly linked in System links.

. Python scripts can be made callable from the

Temp

Python executable

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

Folder for Templatedatabases

o o Toyton exe context menu for the test cases and the
f— model cases.
pathfto/global_settings/python . . . .

A The path to the script directory is set at:

A Test python packages

=| External programs

Video Temp

7zip

Batchrunscript

Test python packages
Model python packages

© Copyright 4a engineering GmbH - 17.07.2020

— A Model python packages:

CA\Programme\7-Zip\7z.exe Ve . . .
e A In VALIMAT 3.8 Python will be included in

Apython\evaluation_scripts_tests . .

\pythorevaluation_scripts_model the local software installation.

A No additional installation necessary!
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Live demo Example export_csv.py

Ot of the et s e

Tootne Pimh G Motorid (ki Sorien Nl . U .. Tht b
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Setting up python in VALIMAT® Uberschrift

_/ Test/ Testdatabasel

Temperature of the test specimen

To execute a python script:

—
Lsem—iwiswnpms
—iL 1. Select the Tests or Models of interest

1D Tester Project name Customer Material Series

- Ep———— 2. Open the context menu (RMB) (M
=| Test method: TT (Tensile test)

== 3. The available Python files can be found at
" -~ Aa Daplen_PPE... Abmusterun... ﬁ P y t h O n S C r I p t S (\)

i B &
FiE 3 H = 20061 c 4a Daplen_PPE... Abmusterun...
opy

Select model data sets

Approved

Not approved

Invalid

Lock

Mark for deletion
Delete

Backup data set (Vzip)

Measurement
Pammeater mudel'/l/ Model database
Evaluate

Series XV-plot

D> Dataset name Mean value curves

iterial na... Solver Sy.. | E. Material so.. M
Database

* | vy * v ¥ -

Python scripts | create_mc_video.py

activeModell | export_csv.py
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General structure of a python script for VALIMAT®

A Basic structure can be seen in the prototype file (_prototype.py )
A Edit the function main according to your needs

A The part that should be altered is enclosed in a block of hash letters

Import
&

Definitions

‘ Main ‘ Parameter parsing

import
import
import
import
import
import

GE]CRILF]

rlat formMEAilg
inspect RN
EREICE|LF]

ma th RNy
subprocess ANy
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R e R R S S e e Rt S R S e F S S s S S F R E S F s F R s s ]
FRERFERE AR R RN R E R R R R R R R R R R R R R R R
def main(base path, table_type, table_name, work_dir, db_path, ids):

$ Pleasze remove this part if you do not need any Database wvaluess
rows = readDBData(base_path, tabkle type, table name, work dir, db_path, ids)

if table_name == "ANALYSIS":
for row in rows:
print (row.id)
print(row.density)
print (row.name)
elif table_name == "TEST3":
for row in rows:
print (row.id)
print (row.moisture)
print (row.temperatur)

AR R I T IIRIINIINI A ATIANISAT AN IAAIIAA IR AR AR

FERRRRRRIETIAIARIINAINIIAIARNINSIAFIAIIIAINIANIARIASIAAIIERIIAINE IR

FEHEEEEE LR I R LR R R R R R L R L ]

error = 0

# check arguments

check and convert command
line arguments for the main

function call



Main function call

command line arguments

A VALIMAT® MDB directory path

A tabletype (either curvestore or model)

A VALIMAT® database name

A ids

The main function:

def main(base path, table type, table name, work dir, db path, ids):

A base_path: location of VALIMAT® MDB

A table_type: either TESTS or ANALYSIS

A table_name: VALIMAT®d at abase name fid4a_impetus. mdbo

A work_dir: base_path+table type \

A db_path: base _path+table_name ~E B : 190508013

el B 3 190508_014

Aids: |l i st of test or model ids ([ 6190508 0 F=gga PNNSNSEERY 1

E. %?2);1@::;:: :ﬂg;f::::l:iﬁmg"‘ S-cgia(:;,z;rig_zoonml_bhir_hpot_chob_Summer-SchooI-Day8 ! N P H Y S ! c S w E T R u S T 4 q




VALIMAT® database structure overview

A curvestore
A Raw data of measurement ﬁ I N
A Channels S n E
A Evaluated test curves
A Measurement videos/pictures

curvestore model da_impetus.ldb da_impetus.mdhb

A model

A input files
A material cards for optimization with Isopt
A average curves for optimization (oavg_ €asenamed . 0 speci fi er o, in simulatic
A 4a_impetus_sampling directory (Isopt results)
A c a s easénameo Isdpt results)

A StageResults

A directories containing the simulation models

A .xy simulation curve files, in simulation units
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VALIMAT® database access

Be sure to have the following executable in your script directory:

A extract_values from_db.exe

A In your script do the following:

def main(base path, table type, table name, work dir, db path,
extract call = [db extract, db path, base path, table type]
extract call.extend(ids)
subprocess.call (extract call)
data = readDBData(base path, table name, ids)

for curr test in data:
sssr=curr_test.stressstralnstrainrate
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VALIMAT® 3.8 database access

The new VALIMAT® module allows read only access to the database

Database Access for tests:

A Import the VALIMAT® module

from Valimat import *
from Valimat . DatabaseAccess import *

A Examplary database access for a test script

def main(base _path, table type , table name, work dir , db path, ids):
Access Database values and curves for TESTS

DB = Database(db_path)
tests = DB GetTests (ids )
for test In tests :
curr_tc_force curve  =test . Curves. Force
print (" Young\'s modulus of '+ str (test .ID)+" is '+ str (test . RES_MODYL
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VALIMAT® 3.8 database access

A Examplary database access for a model script

def main(base_path, table type , table name, work dir , db_path,
Access Database values and curves for ANALYSIS

DB = Database(db_path)
models = DB GetModels(ids )
for model in models:
for case in model. CASES
curr_sc_force_curve =case. Simulation . CurveForce
for test in case. Tests:
curr_tc_force_curve  =test . Curves. Force
print (' Young\'s modulus of '+ str (test .ID)+' s
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ids ):

'+ str (test . RES_MODYJL



Summary

A Python can be used to extend Valimat
A Almost no limit for the creativity of the user

A 2 Examples are delivered with Valimat
A export_csv.py
A create_mc_video.py

A Prototype file for a rapid start into the development

A Easy to start the script out of Valimat
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User Defined Material Cards in VALIMAT®
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matcard.xsd
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User Defined Material Cards - Objective

A Provide an overview of the capabilities of VALIMAT® user material card feature
A Show how to use user defined material cards
A Describe the elements of a user defined material card

A Provide some tips for implementing your own user defined material card

© Copyright 4a engineering GmbH - 17.07.2020 1 N P H Y s 1 c s wW E
B. Hirschmann, H. Pothukuchi, C. Schober, pres_20071701_bhir_hpot_chob_Summer-School-Day8

T R u S T

41



Capabilities of VALIMAT® .xm| material card format

A Add other material models

A Use standard VALIMAT® Design variable groups
ATransfer from model to

A Enter user defined variables

AUse implemented curves/tabl

Damage/Failure Add Erosion DIEM ~ B Sirain rate dependency Table ~
Materialcard ID 1000000 = Strain rate dependency curve [Rls}E] j
Density 1000 Vi Plastic strain
Yield behavior vonMISES 1st strain rate 0.0007
B Function (Hardening, Elastic cun 2nd strain rate 0.001
Curve 1 4a model - 3rd strain rate o.M
Strain range upto 43 model A 4th strain rate 0.1
Sampling points 4a model {nue 0 5) 5th strain rate 1
Bias factor 4a model (nue) 6th strain rate 10
B Strain rate dependency scale curve 1 7th strain rate 100
Bth strain rate 1000

= Strain rate dependency curve | Trilinear

VP polymer law E Fracture

1st strain rate modiﬁed G'Sell Ductile Damage Settings Johnson Cook
2nd strain rate Ludwik ) Shear Damage Settings Cowper Symond
3rd strain rate EETlgstrom " FLC Damage Settings Kang v
Carve 1 olloman v Strain dependency curve Power Law (G'Sell)
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anot her

es for

B Fracture

& Ductile Damage Settings Piecewise linear interpolation |

lower triax value
upper triax value
step size triax
Shear Damage Settings
FLC Damage Settings

Strainrate Damage Settings

Postfracture
B Loadcases

Ductile Damage Setiings

(Char.

Mame Start

const..

GroupMame: 10_elasticity

e E 1000

2 nue 0.3

y c

SO VU

JY
1 v e

har deni

# GroupMame: 30_failure

xf_MNAHSV 20

Damage

ng,

Mone

plastic equivalent strain
simple criteria

4a piecewise linear
Johnson Cook

mod Xue-Wierzbicki
Hue-Wierzbicki
Mohr-Coulomb Shell

Piecewise linear interpolation
Mohr-Coulomb




How to use .xml| material cards

In Material behavior:

1.) Set Material source to customized

B Matenal behaviour

=l Material source Implemented -

Elasticity

Implemented

Plasticity

2.) next click on Material card field \E Failure/Damage
aterial card
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2 Matenal behaviour

customized

Customized (for validation)
*MAT_PIECEWISE_LINEAR_PLA
Plasticitv Table Rate loa. Table

Material source Customize
= *MAT_PIECEWISE_LINERRSF ...|



How to use .xml| material cards

3.) select the .xml material card file

Offnen b
« v P B < matenial_card_xml » LSDYNA » MAT 024 AR ] "MAT_024" durchsuchen »p

Organisieren » Meuer Ordner EEE - | o
-

Di ™ Mame Anderungsdatum Typ GroBe

Eeis [ 7011_MAT_024xml 18.00.2019 1442 XML-Dokument 25KB
[ e [7] 19091801_bhir_7011_MAT_024xml 18.09.2019 14:52 XML-Dokument 25KB
[ 15 [ 19112007_bhir_7011_MAT_024.xml 22112019 15:20 XML-Dokument 25KB

[ 1c#
[ pet
[ pet
[] best
[} bt
Bal#
[ 1e
111w

V| |matcan:|s[‘.uml} V|

| Offnen | | Abbrechen |

Bl o e e eeveiee e e AQ]



How to use .xml material cards (tips for switching)

4.) Set the correct settings for user defined material card (old settings are unfortunately lost)

Do the following:

1. Set Deformation = Material card C:\Users\bhir\Documents|181128(
Deformation = Plasticity Table Rate log. Table
2. Set Damage/Fallure R L » Add Erosion DIEM

3. Then paste old Design variables
Pammeter model” l/ Model database ]
P’J:__.;. 233217"_333“ Material I Designvariables I Layers

k Start | const.  from to Variance (

4 GroupMame: 10_elasticity

ek 1000 20% 20% 10%
e_nue 0.3 | (NULL) (MULL) (MULL)
#  GroupMame: 20_yield
y 0 oo 5 150 50
# GroupMame: 21_hardening
h_nuep 0.5 0 0.5 (MULL)
h_y 90 5 150 50 =
[ an n 180 PRI
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xml schema

© Copyright 4a engineering GmbH - 17.07.2020
B. Hirschmann, H. Pothukuchi, C. Schober, pres_20071701_bhir_hpot_chob_Summer-School-Day8

<?xml]l version="1.0" encoding="UTF-8"72> Encodnm)nﬁonnaﬂon
H<t—-
Material: MAT1 Comments
Author: Bernhard Jilka
Date: 03.08.201¢&
Version:1

T

cmatcard xmlns="urn:4a:impetns:matcard” XML Schema Definition
xmlns:xsi="http://www.w3.org/2001 /XMLScC]

¥zi:schemalocation="urn:4a:impetus :mato . .
. . wam o W Variables for the whole material card
name="+*MAT ELASTIC (*MAT 001)" A MAT TY

<damage cases> \_» . ” .
failure case specific variables

H<damage output> \
</matcards what is written into the material.inp file




IMPETUS® vs Is_opt formula

impetus_formula are used to create the static part of a material card (no changes in the optimization runs)
A Use only VALIMAT® database variables
A Examples:

<impetus formula formula="db mattyp"/>
<impetus formula formula="ID MAT" format="0D8S"/>
<lmpetus formula fULmula—"db rho" format="3D10S"/>

Is_opt formula create the dynamic part of a material card (Isopt replaceable code, dependant from design
variables)

A Use only LS-Opt variables

A Examples:

<ls opt formula="e E*US stress" format="0D10S8"/>
<ls opt fulmula—”e nue" format="0D10S"/>
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unit systems

A In VALIMAT® we support 3 types of unit systems Ekg_mm_msecﬂpa =
(Variables are declared in t-mm-sec-MPa): Solver Sl(kg-m-sec-Pa)

Inputdeck
Symmetry of model

A db_vars are always converted to current unit system!

A The variables are dependent from the unit system and
the time scaling.

AExample: Youngds modul us conver si

<ls_opt formula="e E*US stress" format="0D1l0S"/>
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on:

t-mm-sec-MPa
kg-mm-msec-GPa

conversion factors

US length US_stiffness
US time US force

US density |US_energy
US strainrate [US_stress
US velocity



user variable feature

Add user Variable tO the LS'Opt Variables B Material card ChUsers\bhifDocumentsi 181128071_Dateie

Deformation MAT _001 j

A . . Damage/Failure
A D?flne In matcard—vars Materialcard 1D ‘MAT 001+damping \

A Use in Is_opt formula by name

A

D v D > > D>y Dy Dy D

>\

case:

name: variable name (naming convention xm_(matcard) or xf_ (failure)) <matcard vars>

description: Description <designv§r case="2" name="xm da" de
group: GroupName <designvar case="2" name="xm db" de
position: unique position for ordering </matcard_vars>

static:constante i t her oO0trueod or ffalsebd <Kmatcard output>

startvalue: Start

MName Start  const..  from to Variance  Cendition Descripticn

lowerbound: from

v GroupMame: 10_elasticity

upperbound: to .
.. ; . . + GroupMame: 90_damping
Optlmlzatlonwmdow. Variance xm_da 0.0 o (MULLY (MNULLY  (MULL) axial damping factor

boundary_condition: Condition xm_db 0.0 V| (NULL) (NULL) (NULL) Bending damping factor

Click here to add a new row

<1ls opt formula="xm da" format="0D1l0S"/>

B. Hirschmann, H. Pothukuchi, C. Schober, pres_20071701_bhir_hpot_chob_Summer-School-Day8
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table input (arrays)

A epp (equivalent plastic/total strain)
A strain range upto defines the endpoint of the curve
A Sampling points defines number of points in the curve
A Bias factor defines a bias to the front end of the curve
A Bas factor=1: equally distributed points

A triax (stress triaxiality)
A lower triax value to upper triax value with step size triax
A typical values: plane stress state [-2/3;2/3;1/9]

A strain rate dependency:
A db_epspktlC db_epspkt8

A typical values: LS-DYNA/ PAMCRASH [ 0.
ABAQUS [0.0;0.001;1000; ¢é])
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001;

1000;

0;

Yield behavior
Curve 1
Strain range upto
Sampling points
Bias factor

= Fracture
g Ductile Damage Settings
lower triax value
uppertriax value
step size triax

B Strain rate dependency
B Strain rate dependency curve

WP

1st strain rate
2nd strain rate
3rd strain rate
4th strain rate
5th strain rate
6th strain rate
7th strain rate
&th strain rate

vonMISES

Bilinear
25
50
10

Damage
Mohr-Coulomb
066

066

011

Table
Mone
Plastic strain
0.0001
0.001
0.01
01

1

10
100
1000



curve definition (arrays)

A hardening curve: sig; s2g; s3g ¢ result of Curve 1;2;3 (epp) g} Matenal card C\UsersibhinDocuments| 1811251
B Deformation basic plasticity
Anumber ofA NMATIrTYRESPLASTIC enumo = Damage;Failure None
. - . Materialcard ID 1000000
A O Nnnone 00 Density 1000
i . ~ . N ~ . Yield behavior vonMISES
Al..nVOnMIS?S_llq, nVOHMl‘SeS_
AHI | | 3D_530; AHI | | 2D _540,; n F Curve 1 Bilinear
P o . - Strain range upto 25
A 2 ADrucker Prager 2160; NnRagt Sampling points 50
A ~ N . - Bias fa 10
A3: fAGenYLD3_ 310; 0GenYLD5_ 32 ™=
A ductile damage: fail_ductile ¢ Ductile Damage Settings (triax)
Aavailability depends on AA_MAT _ _FRAC DIEM DICTIL I EQ
- B Fracture Damage
& Ductile Damage Settings Mohr-Coulomb j
lower triax value -0.66
upper triax value 0.66
step size triax 011
*See fAimatcard. xsdo for available options and Adv_and_curve_def.xmlo for VALI M/
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Impetus_material curve feature

impetus_material curve definitions allow the creation of curves

xVal: arithmetical expression with an array

yVal: arithmeticel expression with an array

<impetus materialcurve xVal="epp" yVal="sig" format="10D20S"/>

B Function (Hardening. Elastic cun.
*DEFINE CURVE

Curve 1 Bilinear

Strain range upto 95 5% lcid sidr sfa sfo offa
. . > 1000001 0 1 1 0

Sampling points 50 52 .1 o1

Bias factor 10
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‘II%HII

offo
0

dattyp

<<i0]*l+0:20>><<((h_y+h_ET*0]*il+lfv_p*lugimaxio.OOOl,v_epspkt]fv_epspkt]]]*l+0:20>>



Impetus_material curve feature

A Example: MAT _SAMP-1

activates

adds this curve to card




