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IMPETUS
SEMINAR AGENDA

VALIMAT

10:00 - 10:45 INTRODUCTION

Material behavior for plastics

Introduction to VALIMAT™ - workflow for generating material cards

10:45 - 12:15 IMPETUS™ HANDS ON

Hardware introduction and hands on testing

13:15 - 14:45 VALIMAT™ HANDS ON

Evaluation of test data and organizing databases
AUTOFIT: *MAT 024 parameter identification using the new feature

14:45 - 15:30 ADVANCED TOPICS

Parameter identification:

for yield surface and flow rule i.e. *MAT 187
for damage and failure i.e. *MAT ADD EROSION
Outlook on upcoming material models
P EncINEERING

15:30 - 16:30 Q&A In Cooperatio.n.with
JSOL CORPORATION == AR BROWN

Think Quality & Create Value
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excellence in
plastics&simulation

testing equipment
TECHNOLOGY . :
GmbH lightweight products
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4a business units

Engineering and
simulation for plastic
products and
composites

Testing equipment Dummies and Specialized
generating material testing facilities for thin foams and
data for the dynamic active vehicle multi layer
simulation of plastics safety materials
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Material characterization - services

= efficient high-dynamic testing

= dynamic material behaviour

= plastics, foams, composites, ...

= validated material cards ready to use for your crash-simulation
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Case study — drop test

= Drop test of plastic bottle
= Easy to use material card

= good prediction with new
material card from 4a

= Droptest of Beamer

= Packaging EPS/EPP Foams
= Energy absorption

AR EEELEEARE AR R

‘ o With Experiment: Drop test
Dr()p test rate dependency rate dependency
(old) (new)

SOURCE: LINK to PAPER

© Copyright 4a engineering GmbH - 23.01.2020 1 N P H Y s 1 c s wW E
P. Reithofer, St. Riemelmoser pres_20012301_pr_eng_JSOL-workshop



https://www.3ds.com/fileadmin/EVENTS/SIMULIA_Regional_User_Meetings/GER/DSAT2016/archiv/Archiv-GermanRUM2017/5-08-Valtiner-Alpla.pdf

Vergleich Beschleunigung: Versuch vs. Simulation
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http://technologietag.4a.co.at/images/tt2012/s4v2_Dietz.pdf
https://www.4a-engineering.at/downloads/events/13_rep_15042201_pr_gga_CompositeCrashMATVortrag.pdf

Intelligent reliable solutions for plastics, composites, metals, foams, ...

[ODimpPETUS @ vAaLimAT FJmicroMEC ElFIBERMAP
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Hardening Anisotropic
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Triaxiality Damage/Failure
efficient from test to validated 3D anisotropic individual mapping
dynamic testing material cards material cards process information
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10

Plastics in the industry

material variety

PPLGF20
PP LGFO05
cabling
PE
PPTD20
PA6 GF30
Steel, DC04

PA6 GF50

ABSPC

o

PAG6.6 235 D-tex
fabric

ASA-PA

PAG6 GF40

Source: R. Luijkx - Kunststoffmaterialien in der Interieur
Funktionsauslegung bei Audi AG, 4a Technologietag 2010
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PP-LGF30

Source: H. Staack, Audi AG: Anforderungsgerechte Material- und Bruchmodellierung fiir die
Fahrzeugsicherheit, TT16 Schladming

1 1 © Copyright 4a engineering GmbH - 23.01.2020
P. Reithofer, St. Riemelmoser pres_20012301_pr_eng_JSOL-workshop




Intelligent reliable solutions for plastics, composites, metals, foams, ...

[ODimpPETUS

@ vAaLimAT

FJmicroMEC ElFIBERMAP

Foams

Thermoplastics

Composites (Carbon)

T

efficient from test to validated 3D anisotropic individual mapping
dynamic testing material cards material cards process information
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Intelligent reliable solutions for plastics, composites, metals, foams,

.VALIMAT mIMPETUS

manage test results = single pendulum up to 4.5 m/s
(import, export, filter, evaluation) = double pendulum up to 8 m/s
= statistics = standard test methods
= automatic report = specialized test methods
= material card generation = component testing
= material card validation = advanced measurement
for all material types efficient dynamic testing
from test to validated material cards plastics and composites
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From test to material card

4 vALIMAT

excellence In
validation
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Material data generation for simulation

Current Situation
® more and more data
= Not only tension

= Different loadcases
(compression, shear, ....)

= More complex simulation models
Investigations on failure

NEEDED

- Smart USER INTERFACE
- Optimization

- DATABASE handling data
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from test to material card

VALIMAT™

Advantage Testresu It&*’

= Handling of bigdata
= Complex models

= Good correlation to simulation @ <:>

Databases

dvALIMAT

m,gWorkrowsr%—_&_l

Simulation Optimization
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From test to material card
VALIMAT

Deformation = Failure
Creep - Static - Crash
ISOTROPIC - ANISOTROPIC

R
i > 1N

Triaxiality Damage/Failure

04
e

P
H}(iening Anisotropic
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Efficient dynamic testing
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Material models

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

4 VALIMAT

' Materialcardcase

Materialcard id
Density
Plasticity

Micromec
| Fracture
Postfracture

=] Material card

Damage/Failurecase

Function (Hardening, Elastic curve
@ Strain rate dependency

@ Loadcases

X~

@ Results

= Whole number of LS-Dyna material models is available through userdefined material cards
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*MAT_ELASTIC (*"MAT_001)
*MAT_FPIECEWISE_LINEAR_PLASTICITY (*MAT_024)
*MAT_PLASTICITY_COMPRESSION_TENSION [*MAT_124)
*MAT_SAMP-1 (*"MAT_187)

*MAT_FU_CHANG_FOAM (*MAT_083)
*MAT_COMPOSITE_DAMAGE (*MAT_022)

*MAT _ENHANCED_COMPOSITE_DAMAGE ("MAT_054)
*MAT_LAMINATED_COMPOSITE_FABRIC (*MAT_068)
*MAT_RATE_SENSITIVE_COMPOSITE_FABRIC (*MAT_158)
MAT_LAMINATED_FRACTURE_DAIMLER_FPINHO (*MAT_261)
MAT_LAMINATED_FRACTURE_DAIMLER_CAMANHO (*MAT_262)
*MAT_ANISOTROPIC_ELASTIC_PLASTIC (*MAT_157)
*MAT_MICROMEC (*MAT_215)

*MAT_MICROMEC (*MAT_215)+Carbon




From test to material card

4 )

component
validation

N J
(. )
€

Ol (0/45/90°) \

See more: P Reithofer, et.al., Versagen von faserverstéarkten Kunststoffen bei dynamischer Beanspruchung, 4a Technologietag -2017
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Efficient dynamic testing
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From bending = *MAT 024
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GUI - the graphic user interface is divided into five parts

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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VALIMAT

[OJimPETUS

| SEMINAR AGENDA

10:00 - 10:45 INTRODUCTION

Material behavior for plastics

Introduction to VALIMAT™ - workflow for generating material cards

10:45 - 12:15 IMPETUS™ HANDS ON
Hardware introduction and hands on testing
———
13:15 - 14:45 VALIMAT™ HANDS ON
Evaluation of test data and organizing databases
AUTOFIT: *MAT 024 parameter identification using the new feature

14:45 - 15:30 ADVANCED TOPICS

Parameter identification:

for yield surface and flow rule i.e. *MAT 187
for damage and failure i.e. *MAT ADD EROSION
Outlook on upcoming material models
P EncINEERING

15:30 - 16:30 Q&A In Cooperatio.n.with
JSOL CORPORATION == AR BROWN

Think Quality & Create Value
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Efficient dynamic testing

[0 imPETUS

KB

est mg
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Efficient dynamic testing

= desktop testing device

= instrumented high-speed testing
= acceleration - force / displacement

= impact velocity 0.5 - 4.5 m/s

mIMPTUS

© Copyright 4a engineering GmbH - 23.01.2020 1 N P H Y s 1 c S wW E T R U s T
P. Reithofer, St. Riemelmoser pres_20012301_pr_eng_JSOL-workshop

intellectual property of 4a engineering GmbH




IMPETUS ™ data specification

Highspeed camera is an optional equipment and
can be ordered separately.
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technical specifications

maximum energy 50J
length of swing arm 500mm
mass of swing arm 1.5-3.0kg
impact velocity 0.5-4.4m/s

weights and dimensions

LxWxH 1400 x 600 x 850mm
mass 165kg

desk load and dimensions minimum

required
LXWxH 1500 x 800 x 800mm
minimum load 250kg

electrical supply data

230 VAC 50 Hz 0.5A
115 VAC 60 Hz 1.0A

5V camera trigger

output level high >2.5V
output level low <0.5V
N P H Y =] 1 (=3 =] w E T

[OimpPETUS



Photron High Speed Camera data specification

FASTCAM

CMOS Image Sensor
max. fps full resolution
max. Frame Rate
Light Sensitivity
LxWxH

weight

MINI' AX200 540K
1024 x 1024

6400
540000
40000

94 x 120 x 120

1.5

NOVA S6 800K
1024 x 1024

6400

800000

64000

217.2 x 120 x 120
3.3

Vision Devices lighting data:specification

LED vD7000

operating voltage
rated power
Luminous flux
Luminous flux boost
color temperature
LXWxH

© Copyright 4a engineering GmbH - 23.01.2020
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24 - 36V
17 - 72W
2100Im
7280Im
6000K
100 x 46 x 46 mm

NOVA S9 900K
1024 x 1024
9000

900000

64000

217.2 x 120 x 120
3.3

Photron

NOVA S12 1000K
1024 x 1024 px
12800fps
1000000 fps
640001SO
217.2 x 120 x 120mm
3.3kg



IMPETUS™ - configurations IMPETUS

-

3 POINT BENDING

/ S —
COMPRESSION TEST

BASIC
STANDARD
PROFESSIONAL
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Efficient dynamic testing
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Materlal (Typlcal comanssu:)N TEST| 3 POINT BENDING TENSION BENDING

Plastic (1 -4 mm) Vv V' Vv v
Foam (20 - 30 mm) \/ -
v

Composite (1 -4 mm) \/
Aluminum (1 - 2.5 mm) \/ \/ \/
v/

Metals (0.5 - 1.5 mm)

ineering GmbH - 23.01.2020 1 N P H Y s 1 c s wW E T R U s T
i | s_20012301_pr_eng_JSOL-workshop




More details on delivery of test setups
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C_3PB - 3-point bending

YouTube setup video; highspeed video testing

Put the distance plate in the testing room

Place the two counter bearings on the T-nut
field and fix it with 4 screws

Set the desired support distance and fix it
with two screws at the front

© Copyright 4a engineering GmbH - 23.01.2020
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https://youtu.be/dirTf0xTYyw
https://youtu.be/WStcpoFyP7M

C 3PB - standard setup 3 point bending
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C _CT - compression test
YouTube setup video; highspeed video testing

= Use the counter bearings from the
3-Piont-Bending

= Fix the compression beam with 2 crews on the
counter bearings

= Fix one steel block in the middle of the
compression beam to adjust the specimen high

= Fix the test piece with a double-sided adhesive
tape on the counter bearing

© Copyright 4a engineering GmbH - 23.01.2020
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https://youtu.be/Fksv8o6mZrc
https://youtu.be/jHwTHBUUhxE

C _CT - standard setup compression test




C _3PBC - Tension Bending

YouTube setup video; highspeed video testing

= Put the distance plate in the testing room
= Fix the sensor on the counter bearing

= Place the two counter bearings on the T-nut
field and fix it with 4 screws
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https://youtu.be/oOp5sOpOD6g
https://youtu.be/xVmvkGSqC-Q

C_3PBC - standard setup tension bending
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4a sample magazine
YouTube testing video

= Use the 4a sample magazine to perform
temperature-based measurements from -40°C to +90°C

= With the 4a sample magazine each test can be
conducted within 10 - 15 seconds

Cooling at 80°C is about 0.3°C per minute Heating at -30°C is about 0.35°C per minute
90 0 : . : : .
a5 5 J) 2 4 6 8 10
o 80 - T 10
(1] - h ¢ - < <> & Y .;.
5 75 — 5 -15
o s 20
a o
g 65 E 25
2 e N . n >
60 -30 — ™~ » *> < = — -
>-—
55 4gT -35 4‘9—
50 T T T T 1 '40
0 2 4 6 8 10
Time [min] Time [min]
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https://youtu.be/cbMUFTLAV34

C _PT - Puncture test

YouTube setup video; highspeed video testing

Fix the Puncture-Test with 4 screws on the testing field (in the first
step, the screws are not tightened to be able to move Puncture-Test
sideways)

Attach the pendulum head to the pendulum arm with 2 screws from
the bottom up

= For this purpose, the pestle must be removed from the
pendulum head

Now you center the counter bearing to the pendulum arm by using
the centering plate mounted on a Puncture-Test insert-plate

Then tighten the 4 screws in the T-nuts to fix the puncture test

© Copyright 4a engineering GmbH - 23.01.2020
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https://youtu.be/bfJsM4qB1rk
https://youtu.be/P7OE2NFkZ_s

C_PT - additional setup puncture test (case 1/2)
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C_PT - additional setup puncture test (case 2/2)
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C COT - component test

= Use the counter bearings from the
Puncture-Test

= Remove the red handle from the counter bearing

= Mount the bending radius with the appropriate
spacers to hit your component at about 0°

= Mount the fin on the pendulum head of the
Puncture-Test

© Copyright 4a engineering GmbH - 23.01.2020
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C_COT - additional setup component test

© Copyright 4a engineering GmbH - 23.01.2020 1
P. Reithofer, St. Riemelmoser pres_20012301_pr_eng_JSOL-workshop




C DTT —dynamic tensile test

YouTube setup video; highspeed video testing

= Place the counter bearing with the load cell
on the T-nut field and fix it with 6 screws

= Hang the clamped specimen in the load cell
and set it down

© Copyright 4a engineering GmbH - 23.01.2020
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https://youtu.be/65UexnSGZG0
https://youtu.be/xVmvkGSqC-Q

C DTT —dynamic tensile test

© Copyright 4a engineering GmbH - 23.01.2020 1
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Test setup — IMPETUS 3-Point-Bending i

1) acceleration sensor on pendulum head
2) acceleration sensor on counter bearing
3) angle sensor

4) radius of the fin: 2 mm

5) support radius: 2 mm

6) swing hammer mass: 1580 g

© Copyright 4a engineering GmbH - 23.01.2020
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Measurement signals — IMPETUS 3-Point-Bending *

<00 acceleration signal of impact
Channel 0, Acceleration $P / [g] (Filter CFC 800) mass
Channel 4, Accelerstion B / [g] (Filter CFC 500)
Channel 50, Angle SP/ [#eg] (Filter CFC 800)

4.00

" . .
/\, /1 acceleration signal of support

N \ ] | ]
— angle signal
%é 2.00
&8 N
(5] \ /

1.00

0.00 // ]upl.'ll TR A "'M‘“‘-“t%ﬁ-ﬂ-‘f

7
-1.00
0.00 20.00 40.00 &0.00 80.00 100.00
Time [ms]
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Measurement technique - Incremental rotary transmitter

= Very exact sensor resolution 320.000 points / turn
- theoretical resolution 0.01 mm in the circular path of the pendulum
= Sensor doesn't have a dead range

= 0O-pulse of the rotary transmitter can be used as trigger

for the measurement

= possibility of evaluation: displacement out of the angle

—> calibration of the system

[OimpPETUS
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Measurement technique - Incremental rotary transmitter

Calculation of the displacement
Evaluation out of the angle signal vs. acceleration signal

Checking of the system using the angle signal vs. acceleration signal is possible

1000

7.a0

Gh27 (1002012_027)
Gh27 (1002012_027)

/1

-

[T

N

500

7

N\

Displacement [mm]

230

¥

0.on

000

a.00 1000

1:3.00

Time [ms]

2000

23.00 3000

F3.00

Force [N]

1200.00
sR25 (100128 Jors)
SR25 (100128 073 M
900 .00 f / /
00 /
o.00 500 10.00 15.00 20000 2500

Displacement [mm]

3-point-bending test 1mps
IMPETUS
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compression test for foam 3.5mps



Dynamic 3-point-bending
EWH5

IMPETUS™

= sensor support: 5g

= sensor on pendulum: 25 g

= test velocities: 1, 2.5 and 4 m/s

= swing hammer mass: 1580 g

= radius of fin and support: 2 mm

= acceleration & angle signals are measured
= HT/LT: temperature magazine is required

© Copyright 4a engineering GmbH - 23.01.2020
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Channels (]

[BimpPETUS

I
acceleration signal
of impact mass

acceleration signal
of support

angle signal




Dynamic 3-point-bending

= standard setup wall thickness 2 mm

v
_ VO Iw mPendulum b t l é*
Test-Setup [ sy | mm] | [g] | [mm] |[mm]|{mm]| [1/s]
dyn_low 1 40 1580 10 2 50 7.5
dyn_med 2.5 40 1580 10 2 50 | 18.75
dyn_high 4 30 1580 10 2 | 40 |53.33 Y
_ |
= standard setup wall thickness 3 mm 0
_ V0 IW mPendulum b t I € *
Test-Setup | gy | mm] | (9] | (mm] |[mm]|[mm]| [Us]
dyn_low 1 50 1580 10 3 60 7.2
dyn_med 2.5 50 1580 10 3 60 18
dyn_high 4 40 1580 10 3 | 50 | 45
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Dynamic 3-point-bending - IMPETUS ™ [BimpPETUS

3-point-bending dynamic - evaluation

Using the acceleration signal of the pendulum and the
following equation

F=m a

the force can be calculated.

Pendulum ~ % Pendulum

The velocity can be calculated using the difference of the
acceleration signal:

d; = (a Pendulum aOPendqum) T (aSupport o a‘OSupport)
Vi=Vo+a-(t—ty)

The distance can be calculated either using the acceleration
signal

S; =So+ V- (t; 1)

or using the angle signal:
(0 —ay)-7 .

S, =S, + L -
e 180 P
STANDARD IMPETUS™ - EWH5
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Evaluation 3-point-bending in IMPETUS ™

3-point-bending - evaluation

Based on the bending beam theory

(assumption: Bernoulli Hypothesis, linear elastic)
the outer-fiber stress o, strain € and strain rate £ can
be calculated.

3Ly F 6-t-s 6-t-v
“2.b-t2 °©

L, ...distance of support span (gauge)

0}

...Specimen thickness
...Specimen width

t
b
s ..displacement
v ..velocity

F

... Force

Evaluation in ISO 178 is analogue.
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Static and dynamic 3-point-bending specimen geometries

= The test specimen are milled out in various

orientations, depending

demands.
40
o
50
=)
60
=)
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on the customer

IMPETUS-BE-V1

IMPETUS-BE-V2

IMPETUS-BE-V3
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VALIMAT

[OJimPETUS

| SEMINAR AGENDA

10:00 - 10:45 INTRODUCTION

Material behavior for plastics

Introduction to VALIMAT™ - workflow for generating material cards

10:45 - 12:15 IMPETUS™ HANDS ON

Hardware introduction and hands on testing

13:15 - 14:45 VALIMAT™ HANDS ON

Evaluation of test data and organizing databases

AUTOFIT: *MAT 024 parameter identification using the new feature
- s e

14:45 - 15:30 ADVANCED TOPICS

Parameter identification:

for yield surface and flow rule i.e. *MAT 187
for damage and failure i.e. *MAT ADD EROSION
Outlook on upcoming material models
P EncINEERING

15:30 - 16:30 Q&A In Cooperatio.n.with
JSOL CORPORATION == AR BROWN

Think Quality & Create Value
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From test to material card

4 VvALIMAT

Hardening Triaxiality Damage/Failure Anisotropic
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24 VALIMAT

Introduction MAT 024 AutoFit
Basis 3-Point-Bending

ENGINEERING

GmbH
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Efficient dynamic testing

—

| 1 [ |
S0 W0, 23°C ]

* 0.1 mm/s
40 1 mm/s ——m ||

1 mls ——

4m/s ——

Z. 30| |
b :
s | — [ IMPETUS
LL

10_ - N . . .

<+—= |Jniversal static testing
O | R | ||
0 5 10 15 20
Displacement [mm]
ﬂ S e v pmveices we taust AC]




MAT 024 introduction 4 vaLimaT

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

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

= hardening curves can be defined arbitrarily for selected strain rates

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

more information:
= "LS-DYNA_Manual Volume_I[l_R11.pdf"

© Copyright 4a engineering GmbH - 23.01.2020 1 N P H Y s 1 c s wW E T R u s T
P. Reithofer, St. Riemelmoser pres_20012301_pr_eng_JSOL-workshop




MAT 024 introduction 4 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 - -~ 15.00
o0 =50 SN S S
g0 =22t S Sf S, S
ik | o S N remamr

=60 e 1000 (1/5) /'///// / / E ]_’ U-uu'é_ ; i/

%50 /A//// / E 2 Tg'l' ,

Sl =~~~ @ W

&30 ‘g// = & == Y

20 V// e N
" aa__ - aa
" 0.5 1 15 -10 5 5 10

“plastic strain [-] ' pressure [-]
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AutoFit
Data

50,00

40.00

30,00

Force |N]

20.00

10,00

.00

0.00 4.00 8.00 12.00 18.00
Displacement [mm]

model 190912_019

© Copyright 4a engineering GmbH - 23.01.2020
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\Y I m t |
Case ms T | | )
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
3PB_V1000_doo0 | 1 40.01 1580 9.91 1.99 50.10
3PB_V2500 _doo0 | 2.5 40.01 1580 9.91 1.99 49.94
N P H Y 1 (= E U T



AutoFit
Strategy

MAT_024

HrHH

==

For crash card a dynamic case for the Young's modulus and hardening curve fit

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

//_rﬁ\‘\

Force [N]
o o

LA S
/T =l




AutoFit
Database

= For the AutoFit function several methods have to be prepared.
= On the following slides the AutoFit function will be called on the training database.
= The model settings will be discussed as they appear in the workflow.
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AutoFit
Database

To start the new Auto Fit
= Select the models
= Right Click Auto Fit (new)

" Parameter mndcl"/]” Model database l

Sym
Fulln

© Copyright 4a engineering GmbH - 23.01.2020
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1-Ele
1-Ele
1-Ele
1-Ele
1-Fle ¥

Seri : New
Copy
| |l o Datasctaame | Modclcs Select test data sets = Sl
Wi 190916016 6 _Visual DOM bhir P LSDYNA
Approved
=) Series: 1_1_RT_MAT024 S
100912 014 0 VISUAL_AUTO PP LS DYNA
190912015  00_Validation_3PB._... Invalid
190912_016 1_Optimization_Yo... Lock
{ 190912017  2_Optimization_flo... Mark for deletion LS DYNA
o 190912_018  3_Optimization_str... Delete LS DYNA
L N 190912 019 4 Validation_3PB Backup data set (7zip) LS DYNA
=) Series: 1_2_RT_AutoFit Auto Fit
Fj E 190911_021  00_00_Auto_Visual... bhir Auto Fit (new) HP  LSDYNA
Fj E 190911_022  00_01_Auto_Values bhir . HP  LSDYNA
Create material card
Fj i_'} 190911_023  00_02_Auto_Check... bhir o fHP LS DYNA
g Optimization
Fj E 190911_024  00_03_Auto_Check... bhir fHP LS DYNA
WM 100911 025 00 04 Autn Check... bhir sl ie IHP 1S DYNA
< Database
Python scripts



AutoFit
Auto Values

Automated optimization - 0O
Menu £ Optimization
S Status Name ek v
Optimization 2988
Run
. 0_VISUAL_AUTO 1000(c)
-—
cl Y 3187
ear
v / 1_Optimization_YoungsModulus AUTO 0
Open LS-Opt Viewer v £
DV Start v /™| 2_Optimization_flow_data PRUN() P 2387
p— h =
1| :;
Postprocess v | 2
S
A
Create report v ﬁ" 3_Optimization_strainrate PRUN(c) P l | 4
é | 15.87
Create material card \/
v 4_Validation_3PB PRUNQ P
lot materia 7.86
mpare =
0.14
-0.00 291 9.82 1273 19.64 24.55
Displacement [mm]
Close -
! » | sit) Fit) F(s) sigleps) eps(epspkt)
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AutoFit
Auto Values

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

= _EL: mean value of this case is Young’s Modulus e E

|/ ] e

Material

Designvariables |

Layers |

B Model settings
Datasetname
Series
Modeller
Validation/Optimization
B Loadcases
Casename
Casename

© Copyright 4a engineering GmbH - 23.01.2020
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0_VISUAL_AUTO
1_1_RT_MATO024
bhir

AutoValues

IPB_V1_d00_|
3PB_V2500_d00_| JEL_HC_VP

L

_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

Mame Start const... from to Variance Condi... Descr...
GroupName: 31_strainrate
In'_epspk: 0.0001 v 0.001 1 (NULL) initial... I
Click here to add a new row
P H Y S c s W E T R U S T



AutoFit
Optimization Young’s modulus

Automated optimization -
Menu 3 Optimization Fis) i
BT Status Name ek v
Optimization 1163
Run 3PB_V2500d00_lres1
0_VISUAL_AUTO 10000 O 7.1_3PB_v2500_d00_Lres1[avg:4.7%/ max12:8%) .
- — / Checks:
Clenr 0.45 5 are oszillations 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 \/ @
S
Create report v ﬁ" 3_Optimization_strainrate PRUN(c P 4 *
é 5.10 A
7
Create material card \/
v 4_validation_3PB PRUN[ P
= 292 /
0.74
-0.00 0.21 0.42 063 0.84 1.05
Displacement [mm]
Close
! 4 sty Fit) F(s) sigleps) epsiepspkt)
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AutoFit
Optimization Young’s modulus

Validation/Optimization: Optimization Youngsmodulus
= Use only MAT ELASTIC to Fit Young’s modulus for computational efficiency

= |n design variables e _E is set to AUTO which will be replaced by script result of the Young’s

modulus
B Model SE“i“gs MName Start const... from to Vanance Condi... Descn...
Datasetname 1_Optimization_YoungsModulus 3 L .
Seri 1_1_RT_MAT024 o el
eries “1RT_ - - i
Modeller bhir ' e E AUTO 20% 20% 10% young...
Validation/Optimization Optimization Youngsmodulus R0 | v (NULL) (NULL) (NULL) pOiss...
\ ¥ Click here to add a new row

= Matenal behaviour
Matenal source Implementad

Material card "MAT_ELASTIC (*MAT_001)

71 © Copyright 4a engineering GmbH - 23.01.2020 1 N P H Y s 1 c s wW E T R U s T
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AutoFit
Optimization hardening

Automated optimization -
Menu £ Optimization F(s) r
S Status Name ek v
Optimization 29.85
Run 3PB_V2500 [d00_|res1
0_VISUAL_AUTO 1000(c) 0 6.1_3PB_V2p00_d00_lres1favg:1.6%/ max4.9%)
7 Checks:
— Y% / 069 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 2
Postprocess \/ | f g
(=]
pr— A
T v ﬁ 3_Optimization_strainrate PRUN() P
¢ | 15.95
N/ —_ - - - A
Create material card \/
v 4_validation_3PB PRUN[ P
Plot materia 7.97
mpare e
-0.00
-0.00 293 595 804 11.92 14.89
Displacement [mm]
Close
! 4 sit) Ft) F(s) sigleps) epsiepspkt)
©Copyright 4a engineering GmbH - 23.01.2020 1 N P H Y s 1 c s wW E T R U s T 4 q
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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 Material source Implemented A W MName Start const... from to Variance Condi... Descri...
Elasticity Linear isotropic elastic . o
Plasticity Yes GroupMName: 10_elasticity
Failure/Damage Damage _ - R - N
B Material card *MAT_PIECEWISE_LINEAR_PLASTICITY ("MAT_024) et PRUN v oo guol Ul young...
Deformation Plasticity Table Rate log. Table — h . . I i} .
hardenlng mOdeI Damage/Failure None e_nue PRUN W (NULL) (NULL) (NULL) POISS..
Materialcard ID 1000000 o . 20 |
Density 3 GroupName: 20_yield
Yield behavior vonMISES 0 -~ N s T Ik N 3
= Function (Hardening, Elastic curve form) y-Y AUTO e U (NULL] yield s...
] gt”"’“ l :asmc'de'("“eo'E] GroupName: 21_hardening
ain ran (o] £
strain rate dependency model Yain rnge up
g_am;:almg Poiga 1'}“ h_scale0 |1.0 W 05 1.0 (NULL) scalef...
ias factor
Strain rate dependency Table h_.'r ag vl 5 150 50 =y 0 harde...
B Strain rate dependency curve Johnson Cook j
| VP Plastic strain h_ET NaN v, 0 100 (NULL) =e_E/2 tange...
1st strain rate 0.0001
. . 2nd strain rate 0.001 h_ h AUTO 00% 50% (NULL) harde...
strain rates for strain rate prr—— 001 -
; - 4th st t 0.1 GroupMName: 31_strainrate
dependency used in the material Shotamnm 2 P 2 1-
Card 6th strain rate 10 V_p AUTO W 5 50 (NULL) train...
7th strain rate 100
8th strain rate 1000 v_epspkt AUTO v .000 [NULL) initial...

© Copyright 4a engineering GmbH - 23.01.2020
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AutoFit 4 vaLimaT
Optimization hardening — 4a model

= LS Dyna - *MAT_024 stress

= plastic behavior described using the meta /ﬁﬂ;{hEﬁeE }
model of Schmachtenberg %f-—f’—
1+h‘ET.€pl ;// VP’SIIO Vi
o I E——
hy fEentE 2 1 |n
E eE & > h
Pl h : i —
/ .
= hardening linear increased by coefficient A""a“ e
Ner/eg
= gstrain rate dependency based on strain

Johnson- Cook.

max(¢ vé))
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AutoFit
Optimization strain rate dependency

Automated optimization -
Menu 1 Optimization Fis) < 4‘
S Status Name ek v
Optimization 19,88
Run 3PB_V1_d0g_Lres1
0_VISUAL_AUTO 1000(c) 0 3.1_3PB_W1| d00_l.res1(avp:4.5%/ max:1444%)
3IPB_WV2500/d00_lres1
— 3.1_3PB_WEDD_dDD;W [350-iemant
V 31.87 el
Clear _—
v / 1_Optimization_YoungsModulus AUTO 0
Open LS-Opt Viewer v E
DV Start v f-—' 2_Optimization_flow_data PRUN[) P 23.87
h = '\\
; ; o
Postprocess Il & -
e
Create report 3_Optimization_strainrate PRUN(c)
15.87
Create material card \/
v 4_validation_3PB PRUN[ P
materia 7.86
-0.14
-0.00 259 519 7.79 10.39 12.89
Displacement [mm]
Close
! 4 sit) Ft) F(s) sigleps) epsiepspkt)
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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

ek PRUM W 100 10000 500

e_nue PRUM W [MNULL) (NULLY (NULL)
GroupMame: 20_yield

¥y 0 PRUM L AN 130 50
GroupMame: 21_hardening

h_scaled PRUMN W 0.5 1.0 [MULL)

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

GroupMame: 31_strainrate
v_p AUTO 20% 20% (MULL)
v_epspkt  PRUN | 0.0001 1 (NULL)

© Copyright 4a engineering GmbH - 23.01.2020 1 N P H Y s 1 c s wW E T R U s T
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AutoFit
Validation

Automated optimization - B8 %
Menu 2 Optimization Fs) N £
——— -
o Status Name ek v
Optimization 39.88
Run
0_VISUAL_AUTO 1000(c)
Cl \/ 31.87
ear
v / 1_Optimization_YoungsModulus AUTO
Open LS-Opt Viewer v E
DV Start v J™====| 2_Optimization_flow_data PRUN(c) 23.87
h =
Postprocess @
o
V.o — £
Create report v p 3_Optimization_strainrate PRUNI(c)
e' 15.87
Create material card
4 Validation_3PB PRUN(c)
7.86
-0.14
-0.00 49 9.82 1473 19.64 2455
Displacement [mm]
Close
¢ sit) Fit) F(s) sigleps) eps{epspkt)
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IMPETUS
SEMINAR AGENDA

VALIMAT

10:00 - 10:45 INTRODUCTION

Material behavior for plastics

Introduction to VALIMAT™ - workflow for generating material cards

10:45 - 12:15 IMPETUS™ HANDS ON

Hardware introduction and hands on testing

13:15 - 14:45 VALIMAT™ HANDS ON

Evaluation of test data and organizing databases

AUTOFIT: *MAT 024 parameter identification using the new feature
——

14:45 - 15:30 ADVANCED TOPICS

Parameter identification:

for yield surface and flow rule i.e. *MAT 187
for damage and failure i.e. *MAT ADD EROSION
Outlook on upcoming material models
P EncINEERING

15:30 - 16:30 Q&A In Cooperatio.n.with
JSOL CORPORATION == AR BROWN

Think Quality & Create Value
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24 VALIMAT

Introduction MAT 187 AutoFit
Basis 3-Point-Bending

ENGINEERING

GmbH

© Copyright 4a engineering GmbH - 23.01.2020 1
P. Reithofer, St. Riemelmoser pres_20012301_pr_eng_JSOL-workshop N P H Y S ! c S w E T R u S T



MAT 187 introduction 4 vaLimaT

*MAT _187/*MAT_SAMP-1 (*Semi-Analytical Model for Polymers)

= |tis a viscoelastic, viscoplastic material model (R10.0.0)
= multiple yield surface definitions
= associated flow rule or non associated flow rule defined by plastic Poisson’s ratio
= hardening curves can be defined arbitrarily for selected strain rates

= interpolation between the hardening curves of different strain rates can be performed either linear or
logarithmically (R9.0.1)

= only available for explicit=>»timescaling!

© Copyright 4a engineering GmbH - 23.01.2020 1 N
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MAT 187 introduction
Time Scaling

When switching from implicit available Material cards like MAT 024, you need to change the time scaling settings
of the static tests.

B Matenal behaviour ~
B Material source Implementad

Elasticity Linear isotropic elastic

Flasticity Yes

Failure/Damage Damage . .. . .
ST VAT _SAMP-1 (MAT_187) ] MAT _SAMP only available for EXp“Clt simulations

"MAT_PIECEWISE_LINEAR_PLASTICITY ("MAT_024)
MAT_PLASTICITY_WITH_DAMAGE (*MAT_081)

Quasistatic tests have to be time scaled!

Function (Hardening, Elastic cun

Matenial card

Available material cards because of selez@ %at&nal

Setlings opimization

Time scaling
Userdef specimen

MAT_PLASTICITY_POLYMER (*"MAT_083) = Loadcases
MAT_PLASTICITY_COMPRESSIOM_TENSION ("MAT_124) H| Casename 3PB_stat_low_velo
MAT_SAMP-1 ("MAT_187) Tests

Strain rate dependency Table Averaging
Fracture Mone B Additional settings
Postfracture Mone Filter -1 from measurement

1000

Casename 3PB_stat_high_velo
Casename 3PB_dyn_low_velo
Casename 3PB_dyn_med_velo
L << [<] New | Cancel [>[ > | Casename 3PB_dyn_high_velo

© Copyright 4a engineering GmbH - 23.01.2020
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MAT 187 introduction
yield surface — notes about notation

= Stress Tensor: Oy
0.

Ox Txy Tzx Y

o= (Txy gy Tyz) 5 Tiz

Tzx Tyz 0z Tyjz,

sz

= Hydrostatic pressure
p = —%(ax + 0y, +0y,)

= \/on Mises stress:

— — 2 2 2

= Triaxiality: = _§

© Copyright 4a engineering GmbH - 23.01.2020 1 N P H Y s 1 c s
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MAT 187 introduction
yield surface

= Yield Surface defines the elastic limit

= general materials: function of all 9 stress components

= jsotropic materials: function reduced to 3 principal stresses

= Shell Elements = Plane stress state allows plotting of a curve

Common Yield criteria:
= \/on MISGS f(o_) =q— o0,

= Drucker Prager:
J fle)=q—-b:-p—a

© Copyright 4a engineering GmbH - 23.01.2020
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sig_|

plane stress state
20 r

% 5] &
15 A =
10
5 m
011 Eu)
75 4
710 m
715 m
i —— Von Mises yield surface
) lgl —— Drucker Prager yield surface
—20 + T T T f T T T -
=20 =15 -10 =5 4] 5 10 15 20

sig_ll
BT: Biaxial Tension
UT: Uniaxial Tension
SH: Shear
UC: Uniaxial Compression
BC: Biaxial Compression



MAT 187 introduction
yield surface

Change of options in the Deformation menu
MAT 024 provides options for the strain rate scaling
MAT 187 provides options for the yield surface shape

El Material source Implemented Material source Implemented

Elaﬂ.c.ﬂy Linearisotropic elastic Elasticity Linear isotropic elastic
Plasticity Yes

Failure/Damage Damage Plasticity Yes

B Material card *MAT_PIECEWISE_LINEAR_PLA Failure/Damage Damage
Deformation Plasticity Table Rate log. Tabl: = Material card *MAT_SAMP-1(*"MAT_187)
Damage/Failure Plasticity Table Rate log. Table vonMises (non associated) ~
Materialcard ID Plasticity Table Rate Table Damage/Failure

Density Plasticity Bilinear Rate C5

Yield behavior Plasticity Curve Rate Curve 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

Function (Hardening, Elastic cun
Strain rate dependency Table
Fracture Mone
Postfracture Mone

intellectual property of 4a engineering GmbH



MAT 187 introduction
yield surface

Other Criteria

Meridian Cut:

= Von Mises: f(e) =q—ap
= Drucker Prager: f(o') =q—b-p—a = ,,"“ aa.
= Parabolic: flo)=q¢*—c-p>—b-p—a =

= piecewise linear yield surfacef(g) =q—b,-p—azi=1..4

© Copyright 4a engineering GmbH - 23.01.2020 1 N P H
P. Reithofer, St. Riemelmoser pres_20012301_pr_eng_JSOL-workshop

BT: Biaxial Tension

UT: Uniaxial Tension

SH: Shear

UC: Uniaxial Compression
BC: Biaxial Compression



MAT 187 introduction

flow rule
Flow rule defines the direction of the plastic strain increment depl — di dg
= associated (normality rule): plastic potential = yield criterion Y (90‘i j

= Von Mises with associated flow rule = no Volume change under plastic deformation

= non-associated
= linear approach (Drucker Prager)

g=q—pp
For SAMP the plastic potential is defined by the plastic Poisson’s ratio
The plastic Poisson’s ratio is determined in the tensile tests D
b=y
p p
€x

© Copyright 4a engineering GmbH - 23.01.2020 1 N P H Y (=3 1 [ = S w E
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MAT 187 introduction
flow rule

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
-3 £
ek PRUM v 20% 20% 10% youngs modulus T
e nue PRUM \/ (NULL) (NULL) [NULL) poisson ratio True Strain < _ 111(1 4 8‘ )
» GroupName: 20_yield T T
y 0 PRUM | 20% 50% 50 yield st '
= Y yiEa s True Transverse Strain g, = In(l+eg,)
y_nuep 0.5 | 001 0.5 (NULL) =xm_... plastic poisson ratio
y.C 90 fp e 150 50 =y_T*... yield stress compression Nominal Poisson’s Ratio \.' _ _i
y_T MaM L= 150 50 =y 0 yield stress tension &7
4 GroupMName: 21_hardening Gy
h_nuep AUTO W 0 0.5 (NULL) hardening plastic poison ratic Young s Modulus E= s°
T
h_scaled 1 | 05 1.0 (NULL) scalefactor for scaling the yieldcurve, e.g. tension/bending
&
h_y AUTOD Vo5 150 50 =y 0 hardening yield stress True Poisson’s Ratio v o =——t
h2_scale 1 o 2.999  [NULL) =2/h_... scalefactor for curve 1 T
h_ET PRUN ¥ 0 100 (NULL) <ef  tangentmodulus _ _ . ar ’
h_h PRUN VIR 200 [NULL) hardening stress plateau True Plastic Strain Er=%&r slnf i+ E
» GroupName: 22_hardening i
XM_Nuep_eps AUTO o (NULL) (NULL) (NULL) plastic strain 1o almost reach nuep_plat sp'plat X X P O
- True Transverse Plastic Strain g, =g, -Injl-v —
xm_huep_plat AUTO o (NULL) (NULL) (NULL) plastic Poissons ratio at infinite tension strain V. . . . t t E
pplat lastic Poisson's ratio law parameters
XM_nuep_meps AUTO [ (NULL) (NULL) (NULL) last point for LCID-P p p T
t=4
XM_NUep_pres AUTO o (NULL) (NULL) ([NULL) plastic Poissons ratic in compression domain vp,press True Plastic Poisson’s Ratio \-P =t
» GroupName: 31_strainrate Er
v_p PRUM W 1001 (NULL) strain rate scale (1/vp) 3 . ) 3
o : Q: NPL: Manual for the Calculation of Elastic-Plastic Materials Models
v_epspkt PRUM | 0.0001 1 (NULL) initial strain rate threshold p oc ioht 2007
arameters, rown copyright
© Copynght 4a englneenng GmbH - 23.01.2020 1 N P H Y s 1 c s wW E T R U s T
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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

MAT 187 introduction

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

Description

. . 4 GroupMame: 10_elasticity
Designvariable | B

E_nue PRUM W (NULL) [MNULL) (NULL) poisson ratic

~ GroupMame: 20_yield - \
y 0 PRUM @ 20% 0% 50 yield stress
ynuep 05 C(NULL =x¥m_.. plastic ;m;n _ratiu V
y C =y T |3rgd st_ms_c;mprﬁsiﬂn
y T _=3,r_ﬂ' > I}Tfeld;trﬁs tensicn

# GroupMame: 21_hardening St
h_nuep AUTO @ 0 0.5 ‘P[HULL} hardening plastic poiscn ratic
h_scalel 1 ] 05 0 W [NIJLE scalefactor for scaling the yieldcurve, e.g. tension/bending
h_y =y 0 hardening yield stress
he_scale i A S & MR =Y/h.. scalefactorforcurve
h_ET PRUM N | 0 100 (MULL) <g E tangent modulus
h_h P—MIN Y @ 3 200 (MULL) hardening stress plateau

A Gr?i:lu phlﬂ: 22_@”%9 B

ep’plat Xm_nuep_eps AUTO (MULL) (MNULLY) (NULL) plastic strain to almost reach nuep_plat
vp’p lat \xm_n uep_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

intellectual property of 4a engineering GmbH



AutoFit 4 vaLimaT
Optimization hardening — 4a model

= LS Dyna - *MAT_024 stress

= plastic behavior described using the meta /ﬁﬂ;{hEﬁeE }
model of Schmachtenberg %f-—f’—
1+h‘ET.€pl ;// VP’SIIO Vi
o I E——
hy fEentE 2 1 |n
E eE & > h
Pl h : i —
/ .
= hardening linear increased by coefficient A""a“ e
Ner/eg
= gstrain rate dependency based on strain

Johnson- Cook.

max(¢ vé))

© Copyright 4a engineering GmbH - 23.01.2020 1 N P H Y s 1 c s wW E T R u s T
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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 4a model (nue 0.5)
Strain range upto 15
Sampling points 50
Bias factor 10 \\J\P\T B
Strain rate dependency Table
Fracture Mone
Postfracture Mone

WA

=

B Loadcases

Casename APE_stat_low_velo

B Function (Hardening, Elastic cun
Curve 1 4a model (nue)
Strain range upto 15
Sampling points 50
Bias factor 10
Strain rate dependency Table N\P\T
Fracture Mone
Postfracture Mone

E

A8T

B Loadcases

Casename

3PE_stat low_velo

© Copyright 4a engineering GmbH - 23.01.2020
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h'BTLEPJ

0.5

!

£ I'Q‘hnuep
e P ‘hscaleo

Xm_nuep_plat

l

£ 1-2~hnuep
e P ‘hscalen

Somewhat taken into account
Should use law and a
compression curve



MAT 187 introduction
flow rule — Plastic Poisson’s ratio law

= plastic Poisson's ratio over equivalent - 0.60P .
plastic strain = expressed with a simple = Vppress < LCIb-P
model 21 i |
0
= Model assumes exponential decay from x 04
compression side to a plateau on the tensile S -
side 2 l\
: 5 0.2 Epplat
= &,,1a¢ defines the value where ~99% of the > v
# . - p.plat
difference between compression and @ 01 x
tension is subtracted o Z1C1
" Vppress Plastic Poisson’s Ratio in 25 15 -0.5 0.5 15 2.5
compression equivalent plastic strain [-]
= V,1q¢ Plastic Poisson’s Ratio Plateau in mindf20)
tension Vo = Vpptat — (Vpplat = Vppress) € PPl

© Copyright 4a engineering GmbH - 23.01.2020 1 N P H Y s 1 c s wW E T R U s T
P. Reithofer, St. Riemelmoser pres_20012301_pr_eng_JSOL-workshop




AutoFit
Data — 3-point-bending

50,00

40.00

30,00

Force |N]

20.00

10,00

.00

0.00 4.00 8.00 12.00 18.00
Displacement [mm]

20,00

model 190912_019

© Copyright 4a engineering GmbH - 23.01.2020
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\Y I m t |
Case ms T | | )
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
3PB_V1000_doo0 | 1 40.01 1580 9.91 1.99 50.10
3PB_V2500 _doo0 | 2.5 40.01 1580 9.91 1.99 49.94
N P H Y 1 (= E U T



AutoFit
Strategy

MAT_SAMP

i pig P

%L—*—AA—”—L,
e i gy i@ = @

For crash card a dynamic case for the Young's modulus and hardening curve fit

© Copyright 4a engineering GmbH - 23.01.2020
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without border all velocities
guasistatic low velocity
guasistatic high velocity
dynamic low velocity
dynamic medium velocity

//_rﬁ\‘\

Force [N]
o o

LA S
/T =l




AutoFit
Database

= For the AutoFit function several methods have to be prepared.
= On the following slides the AutoFit function will be called on the training database.
= The model settings will be discussed as they appear in the workflow.

© Copyright 4a engineering GmbH - 23.01.2020 1 N P H Y s 1 c s
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AutoFit
Auto Values

P. Reithofer, St. Riemelmoser pres_20012301_pr_eng_JSOL-workshop

Automated optimization O %
Menu +  Optimization sit) &
— Status Mame e E hd
Optimization 2344
Run
00_00_AutoValues
Stop
. V 18.53
L ear
" 00_01_Validation_3PE_AUTO AUTO
. v
Open LS-Opt Viewer 57
DV Start v / 01_00_Cptimization_YoungsMadulus AUTO E 1361
— E -
Postprocess \/ £
@
@
T v ,—-"" 01_01_Optimization_flow_data PRUMIC) =
h & 870
Create material card V
v r—'""" = | 01_02_Optimization_strainrate PRUM(E)
Plot material 7 é 279
~ompare models v 02_00_validation_3PB PRUN(E)
\f 112
e \L -10.02 34.05 78.12 122.19 166.26 21033
2 03_00_Opt_3PBC PRUNIc) Time [5]
lose \'
1 4 s(t) Fi) Fs) sigleps) eps(epspkt)
© Copyright 4a engineering GmbH - 23.01.2020 1 N P H Y s 1 s wW E




AutoFit
Optimization Young’s modulus

Automated optimization - 0 %
Menu & Optimization Fis) 4
— Status Mame e E * b
Cptimization 114
3PB_W2500[d00_C.res +
V" 00_00_AutoValues 1827 T.1_3PB_W2500_d00_C res](avg:£. 7%/ max:12.8%)
stop — Checks:
* . . .
v 8% are oscillations too high?
v" 00_01_Validation_3PE_AUTO AUTO )
curve long enough”
Open LS-Opt Viewer \ . . .
curve still linear elastic?
DV Start 01_00_Optimization_YoungsModulus 8.78 -+
=z
Postprocess o
\ g .
v ,—-"" 01_01_Optimization_flow_data PRUMIC)
h 480 /
V L2
v r—'""" 01_02_Optimization_strainrate PRUM(E)
H
€ W,
v 242
v 02_00_Validation_3PB PRUMI)
£ 7
\\/ 0.24
- -0.05 016 0.37 0.58 079 1.00
" 03_00_0Opt_3PBC PRUNIC) . Displacement [mm]
1 4 sit) Fit) F(s) sigleps) epsiepspkt)
©Copyright 4a engineering GmbH - 23.01.2020 1 N P H Y s 1 c s wW E T R U s T 4 q
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AutoFit
Optimization hardening

Automated optimization - 0 %
Menu +  Optimization Fis) 4
rF
— Status Mame e E b
Optimization 23,05
3IPB_W2500[d00_C.res
V" 00_00_AutoValues 1827 6.1_3PB_W2500_d00_C.
Stop — CheC kS
v 208 curve long enough?
" 00_01_Validation_3PE_AUTO AUTO d f t )
Open LS-Opt Viewer 57
¥
DV Start v 01_00_Cptimization_YoungsMadulus AUTO 2211
=
t ? N
Postprocess b
S
Lo
01_01_Optimization_flow_data PRUM(c)
14.13
v r—'""" = | 01_02_Optimization_strainrate PRUM(E)
v 8.18
v 02_00_Validation_3PB PRUMIE)
\/ -1.81
ol -0.68 230 528 326 11.24 1422
o 03_00_0Opt_3PBC PRUNIC) . Displacement [mm]
1 4 sit) Fit) F(s) sigleps) epsiepspkt)
© Copyright 4a engineering GmbH - 23.01.2020 1 N P H Y s 1 c s wW E T R U s T
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AutoFit

Optimization strain rate dependency

P. Reithofer, St. Riemelmoser pres_20012301_pr_eng_JSOL-workshop

Automated optimization - 0 %
Menu +  Optimization Fis) 4
— Status Mame e E b
Optimization 23,08
3PB_W1_d00_C.resi
V" 00_00_AutoValues 1827 31_3PB_W1| d00_C.resi({a ﬂ.g%.f max:'lt..m\\
3PB_W2500|d00_C.resi J# K_ "‘-\
Stop — 3.1_3PE_V25EPD_EIEIEI? avg: 3% maxf.8%)
V 30.06
" 00_01_Validation_3PB_AUTO AUTO
Open LS-Opt Viewer 57
DV Start v / 01_00_Cptimization_YoungsMadulus AUTO 22.05 N "*-...___‘
— E = :::\
Postprocess o
V g 4
Lo
v ,—-"" 01_01_Optimization_flow_data PRUMIC) »
h 14.05 o
+
T 7 +
*
+*
*
01_02_Optimization_strainrate PRUMI(c) +
\/ -
v 02_00_Validation_3PB PRUM(C)
\V4 196
g -0.60 200 460 720 9.80 12.40
= 03_00_Cpt_3PBC PRUM(C) Displacement [mm]
\'
! r sit) Fit} F(s) sig(eps) epsiepspkt)
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AutoFit
Validation — MAT_024

Automated optimization

P. Reithofer, St. Riemelmoser pres_20012301_pr_eng_JSOL-workshop

- 0O X
Menu +  Optimization Fis) 4
— Status Mame e E b
Optimization 23,08
IPB_W0p1_
V" 00_00_AutoValues 1827 3w 20%) max:p3.3%)
Stop —
v 30.06
" 00_01_Validation_3PE_AUTO AUTO 500 00 Cores
Open LS-Opt Viewer 57
DV Start v 01_00_Cptimization_YoungsMadulus AUTO 22.05
=
t ? N
Postprocess V b
>
V- 01_01_Optimization_flow_data PRUMI(c)
14.05
V
V" 01_02_Optimization_strainrate PRUM(c)
7 B.04
02_00_Validation_3PB PRUM(C)
\V4 19
-1.12 379 270 13.61 18.53 23.44
TS 03_00_0Opt_3PBC PRUNIC) Displacement [mm]
1 4 sit) Fit) F(s) sigleps) epsiepspkt)
© Copyright 4a engineering GmbH - 23.01.2020 1 N P H Y s 1 c s wW E




AutoFit

Optimization yield surface — Drucker Prager

Automated optimization

Menu +  Optimization
L Status Mame
Cptimization
00_00_AutoValues
Stop
00_01_validation_3PE_AUTO
Open LS-Opt Viewer
DV Start 01_00_Cptimization_YoungsMadulus
Postprocess

01_01_Optimization_flow_data

01_02_Optimization_strainrate

02_00_Validation_3PB

UM UATSYAYSS AT UAYLUA

03_00_Opt_3PBC

© Copyright 4a engineering GmbH - 23.01.2020
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1827

AUTC

AUTO

PRUM(C)

PRUM(C)

PRUM(C)

PRUN(C)

O X

Fis) ok
-

473.70

3PBC_W300p_d00_C.res1
3.1_3PBC_\3000_d00_C rez1{avg:1 9%/ max:8 2%

374.45

275.20
. 4
@
=4
(=]
w

-
175.94 /
o
76.69 hd
(“
*
*
*
-22 56
-0.45 1.55 3.55 5.55 7.55 955
Displacement [mm]
sit) Fit) Fi(s) sigleps) epsiepspkt)
1 N P H Y =] 1 (=3 =] w




AutoFit
Optimization yield surface — Drucker Prager

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

= New Parameters
= h _scale0:from3PB =TT
= h2 scale:fromTT = CT

103 © Copyright 4a engineering GmbH - 23.01.2020
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Marme Start const..  from to Wariance Condition Description

v GroupMName: 10_elasticity
4 GroupName: 20_yield

y 0 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 0.5 (NULL)  =xm_nuep_plat hardening plastic poison ratic

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

N P H S | (= S \"\" E
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AutoFit
Optimization yield surface — Drucker Prager

MAT_024:

= Von Mises: f(o) = q — oy

MAT 187:
= Drucker Prager: f(e)=q—b-p—a

B Maternial behaviour '
Material source Implemented ‘|
= Material card "MAT_SAMP-1 ("MAT_187) log Table R9.3+ |

Deformation @Pressure dependent (Drucker-Prager) j

= Designvariables:

Name Start constant from to Variance
h scale0 0.7 False 0.5 1.0 (NULL)

y T NaN False 5 150 50

y C 90 False 5 150 50

y O PRUN True 20% 50% 50

h2 scale 1.8571 False 1 3 (NULL)

© Copyright 4a engineering GmbH - 23.01.2020
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15.00 -
T
o
=
[’/]
0
2
‘l;; BC
— aq
10 5 0 10
pressure [-]
15.00 -
T
o
=
(2}
(7]
2
?
10
pressure [-]
Condition
=y 0*h scalel
=y T*h2 scale
=2/h scale0-1
1 N P H S |

sig_|

plane stress state
20

154

104

0]-[U€ 1)
54
_104
-15 4
—— Von Mises yield surface
, l’gl —— Drucker Prager yield surface

—20 + T T T t T - : =

—20 =15 -10 =5 0 5 10 15

BT: Biaxial Tension

UT: Uniaxial Tension

SH: Shear

UC: Uniaxial Compression
BC: Biaxial Compression

20



AutoFit
Optimization yield surface — Drucker Prager

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

105

B Function (Hardening. Elastic cun
Curve 1 4a model (nue 0.5)
Strain range upto 15
Sampling points 50 2A
Bias factor 10 \\J\P\T /0
Strain rate dependency Table
Fracture Mone
Postfracture Mone

=

B Loadcases

Casename APE_stat_low_velo

E

B Function (Hardening, Elastic cun
Curve 1 4a model (nue)
Strain range upto 15
Sampling points 50
Bias factor 10 ,\8’(
Strain rate dependency Table N\P\T .
Fracture Mone
Postfracture Mone

B Loadcases

Casename

3PE_stat low_velo

© Copyright 4a engineering GmbH - 23.01.2020
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h'BTLEPJ

0.5

!

£ I'Q‘hnuep
e P ‘hscaleo

Xm_nuep_plat

l

£ 1-2~hnuep
e P ‘hscalen

Somewhat taken into account
Should use law and a
compression curve



AutoReport

without border all velocities
Y o § quasistatic low velocity

MAT_SAMP

e dynamic medium velocity
I%I 50.00

Zl

g 3 ot o @ =N @ ://4,3 ””é m\

guasistatic high velocity
/E -.—L'- dynamic low velocity
,—-—‘
h
—
€

Force [N]
o o

= For an overview of the behavior of the material card one can use the AutoReport feature of VALIMAT
= The following slide is the template for the AutoReport
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Workflow for material card generation - AUTOFIT VALIMAT

Automated optimization

“— - o parametrized material card

Status Name = / / //
Optimization 3738 }
Fun i
D 0_Visual_AUTO / ///
v f
Clear /E 1_Optimization YoungsModulus 3 1 “ 3 //,// hb ) hn
Open Ls-Opt Viewer v 2788 "’epSO — v e /
m /
| 2_Cptimization flow_data 0 Z /
'V - (et _______-—-‘" /
Postprocess : o ] //‘
—
Create report 3_Optimization_strainra [7}] —__-_-’_"4 /
X — ——
=
Create material card \ 8 1837 A
v \L 4_Optimize_3P5 -
— Y |
h
H | s validation 3p8 | A T ‘fyz
v = | h ZICT
7_Validation_TensileTest * y
v v W ENGINEERING
V
" | a_validation_PunctureTest_aynamic st ra i n
7
vV e 031 062 093 124
9_Validation_PunctureTest_static Displacement [mm]
Close . N

N optimization — successive response surface method

D [aV)
e Response/ 2
values el .
g = Region of
= e = Interest
) 20 © Aaal
3 = starting g 7
Design @ A
: 9 2 ’ 5 .8
........... sSpace
------- P 141\

Subregion optlmum

(Range)

2

Design Space

Design Variablel>
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*MAT-SAMP 1 with internal EFM —result AUTOFIT VALIMAT

50 - 05 72600 ; va
— 45 \
& 40 0:4 . ;
E- 35 —_ b 1
@ 30 0.3 o v ’
m T UoJ f'
£ 25 ! i o )\ = %&n | > &€ P
2 20 4 | a 0.2 § p
) — (&) o] —t— points N .
= 15 | = : :
© (/] ——8C \ /
£ 0] o Hardening
= 1 I .y
g 5 a0 aa e 44 (I)
0 Eamd . | | o m e | } 8-66 ]
0 0.5 1 15 2| -05 0.3 -0.1 0.1 0.3 0.5 W15 = 5 15 P
equivalent plastic strain [-] equivalent plastic strain [-] : . Ppressure [] .
— |
* - Il - n
Triaxiality
source: Benjamin Hirschmann, master thesis
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*MAT-SAMP 1 with internal failure model - validation VALIMAT
\ g O ."' P o .
AR R i

Displacemen it [mm] Displacemen it [mm]

N T .
S L] 4

™ ~
IMPETUS 3 mis ---- averaged test curves
StatiC — 1m m/S K o= S"':I:“ - reSUIt Of SImU|at|On

TENSION TEST

Farce [N]

3 POINT BENDING TENSION BENDING

ress [MPa)
n

Sti
.7

source: Benjamin Hirschmann, master thesis

e s we TmRuUS-®T ZICI
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VALIMAT
MAT ADD EROSION DIEM

ENGINEERING

GmbH
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From test to material card m IMPETUS

- 0.33 0 0.33 0.66 N

2 i pe : lrL-Q

| n

Damage/Failure

1 1 1 © Copyright 4a engineering GmbH - 23.01.2020 1 N P H Y s 1 c s wW E T R U s T
P. Reithofer, St. Riemelmoser pres_20012301_pr_eng_JSOL-workshop
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Available failure models in LS-DYNA®

L failure criteria

l strain based

g A

_-J

damage

additional failure models

iIncluded damage model in
*MAT_ADD_EROSION

strain damage based *MAT_SAMP-1
= Dbefore R11 optional DIEM / GISSMO _
= since R11 *MAT_ADD_DAMAGE_DIEM GISSMO like

= since R11 *MAT_ADD_DAMAGE_GISSMO
- N *MAT_4A_MICROMEC

DIEM for matrix failure

112 © Copyright 4a engineering GmbH - 23.01.2020 1 N P H Y s 1 c s wW E T R U s T
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Available Failure Models — incremental damage formulation

fallure criteria

—stress undamaged
stress damaged (linear)

—stress damaged (exponential)

stress

&c gfail

equivalent plastic strain

113 © Copyright 4a engineering GmbH - 23.01.2020
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strain based

damage

|
—initiation
damage (linear)
—damage (exponential)

@
o
©
S
©
ﬁ ™
&c gfail
equivalent plastic strain
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Fracture models = *MAT _ADD EROSION VALIMAT

Parametar model” ]/Mudeldatzhase l

(<] 170503_024 Materisl | Designvarisbles |  Layers | Materizlcard MMEC P
B Material behaviour
B Material source Imag 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
Flasticity g - g nne . .
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 * er JCDB
) & Loadcases Johnson Cook JCD1 1CD2
Sampling points ol Casename mod Xue-Wierzbicki
Bias factor bt Wi hicki
B Strain rate dependency Tests Le-yrierzicks . 1200 -
i ; T Mohr-Coulomb ===plastic fracture strain
Strain rate dependency = Seﬂlngs oplmlzatlon P
B Fracture Weighting case 1 W \
B Ductile Damage Settings 14.00
lower triax value Ductile Damage Settings Z_‘ - \ e
upper triax value A A ohnson ook c \ o e
——  Nawaral
step size triax 0.33 mod Xue-Wierzbicki g o000
Shear Damage Settings None - -
q . g Xue-Wierzbicki () 8.00
FLC Damage Settings MNone Mohr-Coulomb E
Strainrate Settings Johnson Cook = 6.00
Postfracture Fracture Energy (T| ‘G \ =
Y =.UU
Results 2068 v ¥ s
i |
r 8-66 —
-1.00 -0.67 -0.34 -0.01 032 065 098
triaxiality [-]
114 ©Conyright 4a engineering GmbH - 23.01.2020 1 N P H Y s 1 c s wW E T R u s T 4 q
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From test to material card m IMPETUS

4 GroupMame: 31 _failure

uf NUMFIP =75 W (MULLY (MULLY (MULL) Murnber of failed integration points pr..
‘ fd_FC_mOp6a 2 W 0.1 1 [MULL) Failurecurve point at TRIAK -0.66 O . 33 O . 6 6 n
O fd_FC_mOp01 2 W 0.1 1 (MULL) Failure curve point at TRIAX -0.01
fd_FC_0p0 0.4 W 0.5 132 [MULL) =fd_F .4 Failure curve point at TRIAX 0.0
fd_FC_0p11 0.4 W' 0.8 1.3 [(MBELY  S=fd_F.. Failure curve point at TRIAX 0,11
fd_FC_Op22 0.4 W' 0.8 1.3 [(MULE}» =fd_F.. Failure curve point at TRIAX 0,22
O fd_FC_0p33 0.4 10% 1085 {MULL) Failure curve point at TRIAX 0.33
fd_FC_Opd4 0.4 W' 0.8 Js [(MULLY  =(fd_F... Failure curve point at TRIAX 0,44
fd_FC_Op53 0.4 W 01 1 [(MULLY  =(fd_F... Failure curve point at TRIAX 0,55
. fd_FC_0p&BE 0.4 W 0.1 1 [MULL) Failure curve point at TRIAKX 0.66

4 GroupMame: 32_failurestrainrate

l 15 f CRonyright 4a engineering GmbH - 23.01.2020 1 N P H Y s 1 c s wW E T R U s T
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Available failure models — typical curves

fallure criteria

strain based

plastic || damage

* Test data at ¢ = 0.04% /

« Test data at ¢ = 0.05-

o Test data at ¢ = 1302

s Test data at & = 3‘*][]i
mBW

Cutoff value

T —

(=1

lastic failure strain &, [-] =
ro
|
]
|

—

I —
el |
|

: [liil |§| Iil 1 Strain rate € [1/g] iJ—i
'1'11:1_\1.1]11\ [ ]

source: H. Staack, - Application oriented failure modeling and characterization for polymers in automotive pedestrian protection, COMPLAS 2015, Barcelona
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Failure model
Incremental damage accumulation

= Rule for damage progression
= damage history variable
= undamaged d=0.0
= criterion reached d=1.0
= driving force: example equivalent plastic strain increments
= failure model norms the damage history variable

© Copyright 4a engineering GmbH - 23.01.2020 1 N P H Y s 1 c s
P. Reithofer, St. Riemelmoser pres_20012301_pr_eng_JSOL-workshop

d = j i
€f init

T R u S T

dt

41C



Failure model

Incremental damage accumulation — simplified case

= driving force: e.g. equivalent plastic strain increments dg,

= failure model norm: e.g. equivalent plastic strain=1.

= Load case: uniaxial tension

1.00

. 1.20 -
c N
= 1.00 ©
i
N
o 0.80 -
7]
L 0.60 A
Q
S 0.40 -
‘_; imple fail inttiati
-5 020 T —Iuadppalh.uniaxiallensiun
O' e |agstic strain increment
o I © failure initiation
0.00
0.00 0.33 0.67
triaxiality [-]

118
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€f init
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Failure model
Incremental damage accumulation — split uniaxial, biaxial tension

= driving force: e.g. equivalent plastic strain increments de é
p d = j P_dt
= failure model norm: e.g. equivalent plastic strain ¢ init
= |Load case: split uniaxial, biaxial tension d = dey
€f init
2.50
E’ 2.00
o
® 1.50 o
9
& 1.00
Q
S 050 - =¥
(1] | 0ad path
'2 @ failure initiation
o 0.00 .
o 0.00 0.33 0.67 1.00
triaxiality [-]
119 © Copyright 4a engineering GmbH - 23.01.2020 1 N P H Y s 1 c s wW E T R U s T

P. Reithofer, St. Riemelmoser pres_20012301_pr_eng_JSOL-workshop

41C



120

Post failure model
Incremental damage accumulation

= Rule for damage progression if d > 1: |
= damage history variable D = fg—pdt
= undamaged D=0.0 else:
= criterion reached D=1.0 b =0

= this damage history variable is coupled to stress!
= |f damage history variable reaches 1.
= Solid element deletion
= Shell depends (number of integration points for element deletion)
= driving force: e.g. equivalent plastic strain increments
: norms the damage history variable

oc*=0(1—-D)

© Copyright 4a engineering GmbH - 23.01.2020 1 N P H Y s 1 c s wW E T R u s T
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Post failure model

Incremental damage accumulation — simple stress coupling example g depy
= stress coupling & init
= e.g. linear hardening curve ifd>1:
) h_y:]-OO D = Jg—pdt
= h ET=10 _
— else:
D=0
200 - : 1.4 -
180 A —uncoupled stress curve —rfailure initiation damage

— ===coupled stress curve i post failure damage
o 160 12
= 140 1

" _

§ 140 - — %o.a
E : bl /.
et \ S — _
5 . 0 =0(1=D) | & /d

© \ - 04 —
2 40 \ /

g‘ 20 ‘\ 0.2

° % aa. | V/ aq..

0 1 2 3 0 : 2 '
equivalent plastic strain [-] equivalent plastic strain [-]
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Post failure model
Incremental damage accumulation — simplified case

. . . .. de
= driving force: e.g. equivalent plastic strain increments dg, d=—2P"
(C: . .
. . . . f,init
= failure model norm: e.g. equivalent plastic strain=1.
m if d > 1:
ép
o p-[“2a
= Load case: split uniaxial Tension, biaxial Tension
160 - else:
- | D = 0.
c 1.40 - I:h
g 1.20 -
7)]
Tt 1.00 o)
k2
.g 0.80 -
3 0.60 -
o e siMple fallure intiation curve
g 0401 m— .
Q. 000 [} rupltﬁri&int |
0.00 0.33 0.67 1.00
triaxiality [-]
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Post failure model
Incremental damage accumulation — split uniaxial, biaxial tension

= driving force: e.g. equivalent plastic strain increments dg, ; _j &y "
= failure model norm: e.g. equivalent plastic strain & init
] d = d{:'p
: . : L : €f init
= Load case: split uniaxial Tension, biaxial Tension
w D= J p dt
E‘ 2.00 ‘
g ‘ 0 else:
g 1.50 A o D = 0.
8 1.00 | I
o ———— load path
S 050 S~ Y
© g T hmaon
.2 B rupture point
5 0.00
o 0.00 0.33 0.67 1.00
triaxiality [-]
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Failure and post failure model

= DIEM (Damage Initiation and Evolution Model)
= failure model: from several options selected:
= driving force: equivalent plastic strain
= model: equivalent plastic failure strain function of triaxiality and strain rate
m . from several options selected.:

= driving force: plastic displacement (regularization)

= model: plastic displacement function over triaxiality
- 2.50 - Z 3T 2.50 - = 1 f.zo ;
E 00 E) b 00 E 100
‘I; E E 0-2n
o £ £ T=F ——
® [ @ ]
g | : g
g- 1.00 ! E. .00 g. +
E 0.50 i S 2 E— 2 U:: —
-0.66 03 0 0.33 0.66 | 0.00001  0.001 01 10 1000 -0.66 03 0 0.33 0.66

triaxiality [-] strain rate [1/s] triaxiality
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Simulation results, PP ED113AE - 9502, 23°C
Material card overview

*MAT_SAMP-1 material card:
= Deformation: elastic, viscoplastic with tension/compression asymmetry
= Plastic Poisson's ratio: exponential law fitted for static tensile tests
= failure: piecewise linear, strain rate dependent MAT_ADD_ ERQOSION.(DIEM)

4 vaLimaT

equivalent stress [MPa]

50 1

45
40 A
35
30

04 -\
03

25 1
20

LCID-P []

15 —

10

02
- \\N\

014

o

4
]

—

0 0.5 1 1.5 2 -1I.5
equivalent plastic strain [-]

-1

-0.5 0 0.5 1 1.5

equivalent plastic strain [-]

stress [MPa]

120,00 —
B —
3 / =
.00 A At =
\ig?.\ o 00 "
\ ; 4
LY S
& ac y K =
© &y J K] 0-50
T
—u 4Cl AC
-15 75 5 15 -0 -0.6 -0.33  0.00 033 0.6
pressure [-] triaxiality [-]

failure strain [-]

I~

1 100
strain rate [1/s]

10000
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*MAT-SAMP 1 with internal EFM —result AUTOFIT VALIMAT

50 1 05 . 20.00 - . va

— 45 \
& 40 0:4 . ;
= 35 * -
0 \ ,
w30 - 03 o K‘_‘ F
[}] e E by 7
e ; : . g —> &
E 207 ' g 0.2 @
@ — (] b —t— points N .
= 15 - \ "
s : o | v, i Hardening
5" 8t o b

0 L I | | o LS . | | 0-66 |

0 0.5 1 15 2| -05 0.3 -0.1 0.1 0.3 0.5 W15 = 5 15 P
equivalent plastic strain [-] equivalent plastic strain [-] : . Ppressure[] .
— i
140 250 - - vt > N
— failure strain at 1000 1/s .&

'h..,.‘__ 4 90 failure strain at 1 1/s . . -
S e el B 200 4| T Triaxiality
o 1.00 —_— rupture strains at 1 1/ .
_E . —_ = = = rupture strains @t 0.001 1/s “—'
s ~ € 1.50 .=
= 0:80— "~ £ -
(] - z
2 0-60 @ _
3 g 1.00 - 8
= 040 -
E LAY i 1 % ""— p

anvoor 0.20 £0.50 -
a—triaxiality 033 =ﬁﬁ__ i “IG
f T 5565 — 0.00 B svereennd
0.001 0.01 0. 1 10 100 = 1000 0.00 0.33 0.66 >
strain rate [1/s] triaxiality [-] I T‘
™ i

W21 QJ P Damage/Failure

source: Benjamin Hirschmann, master thesis
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VALIMAT
UPCOMING MATERIAL MODELS

ENGINEERING

GmbH

Bl
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24 VALIMAT

UPCOMING MATERIAL MODELS
*MAT _187L

ENGINEERING

GmbH
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Upcoming material models

*MAT 187L

= *MAT_SAMP_LIGHT (187L) material card: “T&. b
= Slimmed down version of the *MAT_SAMP-1 .
= Plastic Poisson's ratio: constant or variable plastic Poissons ratio o

= failure: strain rate dependent MAT_ADD_EROSION or *MAT_ADD_DAMAGE  ~
= Computationally cheaper when compared to the *MAT_SAMP-1 material model

. . Visco- Visco- Comp./tension plastic -
Material model yield surface . .. . , . "
elasticity plasticity asymmetry Poisson's ratio
*MAT 024 von Mises x v x 0.5 i T o
AT 124 s vor M v J P 05 Figure: exemplary yield surfacesin
- o Pronyseries ' MAT_SAMP depicted in the plane
*MAT 187 . para_b°'|'.c‘ T‘;I v v v stress state
- piecewise linear apble BT B . .
. Biaxial Tension
*MAT 187L linear x v v v UT: Uniaxial Tension
SH: Shear

UC: Uniaxial Compression
BC: Biaxial Compression
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Upcoming material models

comparison of different material models

450%

~X%X25
400% m3PBC WTT WPT m3PB o
350%
300%
zZ 250% ~X1,6 o ~XxX12
3 200% -g
L
2 150% 8
[} I
100% il | ‘ <%
z
2 0% LU L !
. 3 o & © vy & O o o)
\-' & F Y © & F N & & F 5 & & gﬁ BN &
L ] & S Q ] > S Q & & S Q ] o & Q
el < [ AR AXS () AX/ é\ & o QLAY & o N
0 1 1 PP IR SR SR S TR R, SR AR N A
: Y §§ & Y F Qg @Y §
Displacement [mm] FQ & S & xS &
50
e e measurement local DIC
25 4 MAT_024+4EQMAX
40 1 MAT_124+EQMAX
MAT_187+GISSMO
35 4 = = MAT_187L+GISSMO
@
a. 30 4
S
= 25
v
(%]
Y 20
S
wv
15 4
10 4
5
] -

1

OI‘B
strain [-]

TENSION TEST

0.2 0.4 0.6 1.2

IMPETUS™ ~ 3 m/s

source: Benjamin Hirschmann, master thesis

© Copyright 4a engineering GmbH - 23.01.2020
P. Reithofer, St. Riemelmoser pres_20012301_pr_eng_JSOL-workshop

1 N P

130

H Y =

4 VALIMAT

350U

# & measurement

3000 7 MAT_024+EQMAX
2500 1 MAT_124+EQMAX
— -
> ) MAT_187+GISSMO
=
2000 §
] — = MAT_187L+GISSMO
e
Q
L 1500

1000 A

500 4

10 15 25

Displacem

20 30
ent [mm]

PUNCTURE TEST

| (= =



Upcoming material models VALIMAT
comparison of different material models

Material model | CPU Time ] e

— a A 3
E * = B, f .. MAT_187+GISSMO
z MAT 024 1 T '
2 ol - = MAT_187L+GISSMO
9 — S
B
£ [§9
5 1500

*MAT 124 1.6
*MAT 187 2.5
*MAT 187L 1.2 o | [

0 5 1‘0 15 20 25 30
Displacement [mm]

S POINT BENDING CPU Time comparisons PUNCTURE TEST

1000 A

10 15
Displacement [mm]

50

® e o measurement local DIC
45 — MAT_024+EQMAX
a0 3 e MAT_124+EQMAX

MAT_187+GISSMO
35 4 . == == VAT_1871+GISSMO

stress [MPa]

" oL

1] A
IMPETUS™ ~ 3 m/s e s
source: Benjamin Hirschmann, master thesis
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24 VALIMAT

UPCOMING MATERIAL MODELS
*MAT_ADD_INELASTICITY

ENGINEERING

GmbH
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Upcoming material models

visco-elasticity
2100 | | | | | I

2000 W80, 23°C
Prony fit
1900+ measurement ] |

1800
1700
1600
1500
1400
1300
1200 | | | | | | L

1.10° 1.10%2 1.10"" 1.10° 1.10" 1102 1.10°

Young's Modulus [MPa]

Time [s]

-> implementing visco-elasticity:
6-term Prony fit to use in *MAT 124

133 © Copyright 4a engineering GmbH - 23.01.2020
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I I

[ |
30 H ‘ n
Wa0, 23°C *MAT 187
25 measurement ]
staticwoWVE = = =
— 20 dynamicwoVE = = =
E static with WVE  —
E 151 dynamic with VE s
| -
O
L.

-
O
|

w
|

| | | |
0 0.5 1 1.5 2 2.5 3

Displacement [mm]

—>implementing visco-elasticity:
strain-rate dependent Young’'s Moduli
tousein *MAT 187
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Upcoming material models
*MAT_ADD_INELASTICITY

= the purpose of this card is to add inelastic features to a | 4
standard arbitrary material card - modular concept
Elastoplastic
% constribution
= supported in implicit and explicit for a few element y _
types—> under development
1 2 3 NIELINKS An extra link is
added if weights
= inelastic features Lﬁ L‘J L‘J‘@amc ﬁ“ oot sum e
= isotropic hardening plasticity | constribution |
= creep ¥
= Visco—elasticity LS-DYNA_Manual_Volume_IlI_Dev (r:11680)
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24 VALIMAT

UPCOMING MATERIAL MODELS
*MAT 215

ENGINEERING

GmbH
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Upcoming material models
composites - actual approaches

.. matrix

isotropic elas

drientation
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Upcoming material models

- Structural simulation

' Homogenization (Micro Scale)
Mean Field Theory
~—© —F —M

o =@o +(1—g0)0'

*MAT 215

_________________________________________________

5 ' Composite (Macro Scale)
. Hill Plasticity

/" Local COS

X

Global COS o

CADMOULD'

. 3 D-F SIMULATION

Moldex3D

MOLDING INNOVATION

. \ MOLDFLOW

© Copyright 4a engineering GmbH - 09.02.2018
P. Reithofer, A. Fertschej,pres_18020901_pr_afer_eng_4aimpetus
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aMICFIOMEC

SFRT / LFRT

Com05|te

C...composite, F...fiber, M...matrix

= Standalone product (2001)
= Usermaterial (2007)
= Library->4a impetus (2015)
= in LSDYNA R10.1 (2018)

*MAT 4A MICROMEC

© Copyright 4a engineering GmbH - 23.01.2020
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32010

MMEC_UD_OR#
2422014

MicroMec, orthotropic closure

nnnnnnnnnnnn

quququququ

2422014

Comparison by University of Leoben [Bodor2014]
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Upcoming material models

micro mechanical motivated material models

PimicrROMEC

|Standalone product

Ll

C...composite, F...fiber, M...matrix

© Copyright 4a engineering GmbH - 23.01.2020
P. Reithofer, St. Riemelmoser pres_20012301_pr_eng_JSOL-workshop

intellectual property of 4a engineering GmbH

MMEC_UD_ORF
2422014

MicroMec, orthotropic closure

DIGIMAT_UD
2422014

Digimat-MF, orthotropic closure
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Upcoming material models

micro mechanical motivated material models
PimicrROMEC

Library = VALIMAT™

C...composite, F...fiber, M...matrix

© Copyright 4a engineering GmbH - 23.01.2020
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[z

15:223_::E| | Material | Designvariablen | Layers
B Strain rate dependency Table
Strain rate dependency Johnson Cook
B Micromec User defined
B Matrix
Density of the matrix 900
E-Modulus 1500
Poisson's ratio 0.3
*ield strength 15
Strength at Break 17
Failure strain 0.05
B Fiber il
Fillerlength 1000
Fillerdiameter 20
Phi or Psi @
Fhi 12.9
Psi 301
Fillermaterial E-Glas
B Orientation
= Fillerorientationtype CAlin. OF j 3
Fillerorientationvalue 1 06
Fillerorientationvalue 2 0.33

11Za
6172
1808
1231

[g/dm>]
[MEa]
[MEa]
[MEa]
[MPa]
[MEa]
[MEa]
[MEa]
[MPa]
[MEa]
[MEa]
[MEa]
[MPa]
[MEa]
[MEa]
[MEa]
[MPa]
[MEa]
[MEa]
[MEa]
[MEa]
[MEa]
[1]
[1]
[11
[11]

calculate parameter for constitutive law - *MAT 157
VALIMAT



Upcoming material models
micro mechanical motivated material models

PimicrROMEC

Main Framework plug able
Mori Tanaka Mean Field Theory possible extensions
other plasticity
c M F , \ \ formulations, ....
Ae” = Ag ,(Ag ) Composite stresses, strains (i)
usermaterial AM 1 A£C % ‘l
> E =—— & . )
@B, +(1_¢)| Matrix stresses, strains ‘ = Yield condition ’ S J2 PI asticity
AeM — El-l\—/l ,AgM pI,AO_M . \l/ . Isotropic Harding
Fiber stresses, strains
R .. — (4 T y) Table Lookup or
Bix f (fo ) EM ' /d . \l/ o Parameter Setup
A—SFB.CM Failure, Damage Criteria
- i+1 \l/

Ac® = [¢K+ (1—g0)| ]AO'M Qamposite stresses, strains (i+y

C...composite, F...fiber, M...matrix
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Upcoming material models

micro mechanical motivated material models

PimicrROMEC

*MAT 4A MICROMEC

> LS-DYNA R10

C...composite, F...fiber, M...matrix

142 © Copyright 4a engineering GmbH - 23.01.2020
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Verifications

30

— SHELL - *MAT_COMPOSITE_DAMAGE (*MAT_022)
ese SHELL - *MAT_4A_MICROMEC (*MAT_215)
2.5}

tiffr (GPa)

stiffness(GPa)
s I} g

| 100% matrix

005 10 20 30 a0 50 60 70 B0 £
orientation ()

GLASS

e
— SHELL - *MAT_COMPOSITE_DAMAGE (*MAT_022)
wse SHELL - *MAT_4A_MICROMEC (*MAT_215)

1

P

stiffnessiGPa)
s

“ 100% fiber

(] 10 20 30 a0 50 60 70 B0 £
orientation (*)

Robustness

DOE - RUNS
without an error

stiffness(GPa)

’/m

PP CFK 60vol%

— SHELL - *MAT_COMPOSITE_DAMAGE (*MAT_022)
eee SHELL - *MAT_4A_MICROMEC (*MAT_215)

60% fiber

“ 100% fiber

— SHELL - *MAT_COMPOSITE_DAMAGE (*MAT_022)
ose SHELL - *MAT_4A_MICROMEC (*MAT_215)

10 20 30 a0 50 60 70 80 £
orientation ()




Upcoming material models
*MAT 215 KEYWORD

S=———-o---o-o-o-o-ooo-oo-oooooooo-oooooooooooooooooo-oo-oooooooooooooooooooo-oooooooo
*MAT 4A MICROMEC
$01 mid mmopt bupd -= —-= failm failf NUMINT .
1000000 1.0 0.01 0. Q. -65. optlons
502 aopt mact Xp vyp zZp al az a3 . .
header 0 0 0.0 0.0 0.0 170 0.0 0.0 direction
503 v AT v3 dl dz d3 beta -—
0.0 0.0 0.0 0.0 0.0 1.0 45,
. 504 fvf - f1 fd - - all e - = mgm
composite 115 53. 1.0 g 25 definition
505 rof el et glt prtl prtt —— ——q = ==
fiber 2:5999%-09  70000.  70000. 28759, (Fpi217  0.217 transversal i. elasticity|
1 er 506 xt - - - - = - SLIMXT NCYRED =
2800. 0.01 10 failure
507 rom e pr —= —= —= - . - . . =
1.09e-09  1500. 0.3 isotropic elasticity
. $08 sigyt etant - -— eps0 C
matrix T p viscoplasticty|
509 LCST -— - - LCDT UPF
1000000 1000020 -1000026 damagel
& S N
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Upcoming material models
*MAT 215 KEYWORD

CARD 1l: General Options / Parameter

Card 1 1 2 3 4 5 6 7 8
Variable MID MMOPT BUPD FAILM FAILF NUMINT

Type A8 F F F F F

Default none 0.0 0.01 0.0 0.0 1.0

FAILM: Matrix failure — ductile DIEM-Model

= LT.0: |FAILM| - matrix equivalent plastic strain
= EQ.1: active DIEM (triaxiality of matrix stresses)
= EQ.11: active DIEM (triaxiality of cCOmMposite stresses)

FAILF: Fiber failure
= EQ.O: off
= EQ.1: active (Reserve factor Fiber tensile strength )
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Upcoming material models
*MAT 215 KEYWORD

CARD 1l: General Options / Parameter

CARD 2-3: Element orientation*
analog to LSDYNA standard anisotropic material cards @ q,

CARD 4: Composite Buildup¥*

Card 4 1 2 3 4 5 6 7 8
FVF FL FD ALl A22
PP GF30 03 200.0 10.0 0.7 0.25
PP LGF50 05 1000.0 20.0 0.65 0.30
PA6 GF45 -0.45 250.0 10.0 0.8 0.15
Carbon UD 0.6 A&loom | 100 1.0 0.0

FVF > 0O: fiber volume fraction - Composite
FVF < 0O: fiber mass fraction - SFRT/LFRT

*may be overwritten by
*INITIAL STRESS SHELL/SOLID
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Upcoming material models
*MAT 215 - Verification _— PP CFK 60vol%

— SHELL - *MAT COMPOSITE_DAMAGE (*MAT 022)
PP oo SHELL - *MAT_4A_MICROMEC (*MAT_215) >
3.0 ‘ ‘ . ‘ . 250 : : 7 X
— SHELL - *MAT_COMPOSITE_DAMAGE (*MAT_022) : a
_ % * | i
L ese SHELL - *MAT_4A_MICROMEC (*MAT_215) 200l _ _ . UX
' =
o
50 @ 150 Yy A =
= £
& ; ] X,y y
(=
£ :
B 10l : : B : : B L . : : B : 501
60% fiber .
0.5} : % 10 20 30 20 50 60 70 80 90
H orientation (°
100% matrix | “)
005 10 20 30 20 50 60 70 80 %0
orientation (°)
GLASS T300
300 : : : : \ 300 : : : : :
— SHELL - *MAT_COMPOSITE_DAMAGE (*MAT_022) — SHELL - *MAT_COMPOSITE_DAMAGE (*MAT_022)
oo SHELL - *MAT_4A_MICROMEC (*MAT_215) oo SHELL - *MAT_4A_MICROMEC (*MAT_215)
250 = 250 : :
= 1 =1
200 _ 200
© : ©
[« - [«
Q E X N Q
§ 150 aa | § 150
= =
ES ES
“ 100 ‘ i “ 100!
50l : : B : : 50l : : B : :
100% fiber 100% fiber
% 10 20 30 a0 50 60 70 80 90 % 10 20 30 a0 50 60 70 80 %0
orientation (°) orientation ()
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Upcoming material models

*MAT 215 - Verification

© Copyright 4a engineering GmbH - 23.01.2020

stiffness(GPa)

% 10 20 30 20 50 60 70 80 %0
orientation (°)
0.3 T T
1.0 1/ms
0251 0.1 1/ms
L 0.01 1/ms
— 02r 0.001 1/ms 7
& -
% L
P ] 1
g L
»
0.1 4
0.05F al OO .
0 1 1 1 1 1 1
0 0.025 0.05

PA6GF30
" — SHELL - *MAT_COMPOSITE DAMAGE (*MAT 022)
ooe SHELL - *MAT 4A_MICROMEC (*MAT 215)
12}
10

strain [-]

P. Reithofer, St. Riemelmoser pres_20012301_pr_eng_JSOL-workshop

0.075

PA6GF30

14

12

10+

stiffness(GPa)

a4

[ SOLID - *MAT COMPOSITE_DAMAGE (*MAT 022)
|s%% SOLID - *MAT_4A_MICROMEC (*MAT 215)

&

0.3

10 20 30

20 50 60 70 80 90
orientation ()

0.25
0.2F

.15

stresschPa]

0.1

0.05

1.0 1/ms T
0.1 1/ms ]
0.01 1/ms ]
0.0011/ms ]

a, 90°4

0.025 I I 0.05
strain [-]

0.075

ux




Upcoming material models
*I\/IAT 215 Verification

desig

|.§ampllng Aa_lmpetus
|

S
4 ?aselg1mps1594 ?aseZg1mpsSOgJ a.seZg1mps 4 ?aseZg‘ImpsSOgJ %caseZg1mp67594 ?aselg1mp5909 y
pars, 5 hists, 2 resy

- Tnln? _
| Bu els
| 15 intersction surts

llllllllll

DOE with LS-OPT:
MATRIX: PP

FIBER:
FVF:
FL:
All:
OoL:

GLASS
-0.05;-0.15;-0.20;-0.25;-0.30;-0.35;-0.40;-0.50;-0.60
100;200;500;1000

0.6;0.7;0.8;0.9

0°:15°:30°:45°:60°:75°:90°

© Copyright 4a engineeri
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RUNS without an error
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Upcoming material models
*MAT 215 KEYWORD

CARD 1l: General Options / Parameter

Card 1 1 2 3 4 5 6 7 8
Variable MID MMOPT BUPD FAILM FAILF NUMINT
Type A8 F F F F F
Default none 0.0 0.01 0.0 0.0 1.0

T g
History#4 (step8: 0-0.81): History#6 (step8: 0-0.13):
dm - matrix damage init. Fiber damage init.
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Upcoming material models
*MAT 215 KEYWORD

CARD 9: matrix material tables

Card 9 1 2 3 4 5 6 7 8
Variable LCDI UPF
Type F F F
Default 0 0 0.0
Hardening Damage Initiation Damage Evolution
Oym &1 u pf
| >
I > 8p I n I >N

LCIDT  Effective stress (Table)
LCDI Damage initiation (Table)
UPF  Damage evolution parameter

150 © Copyright 4a engineering GmbH - 23.01.2020 1 N P H Y s 1 c s wW E T R U s T
P. Reithofer, St. Riemelmoser pres_20012301_pr_eng_JSOL-workshop

41C



From test to material card

Ol (0/45/90°)

-

component
validation

\_

~N

J

~N

See more: P Reithofer, et.al., Versagen von faserverstéarkten Kunststoffen bei dynamischer Beanspruchung, 4a Technologietag -2017
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From test to material card

Why not tension (only)?
O

Anisotropic




From test to material card

f?

Why not tension (only)

Anisotropic

Pflamm-Jonas 2001

intellectual property of 4a engineering GmbH



From test to material card — PP LGF30 *MAT_215

I | | | | | [ I | I | I | [ |
140 3PB 2m/s, 23°C 1000 ! Puncture 2mi/s, 23°C |
avg. test 0° . H . avg. measurement .
120 shell 0°F  ee— | | MAT 215 shell se—

avg. test 45° . 750 I

LR
iiiiii

100
80
60
40
20

Shell 457  —

avg. test 90°
shell 90°

L]
- e
- o *

500 |- -

Z.
@
o
o
L

|
Force [N]

] 250

component Displacement [mm]

validation
Y
)

Ef
‘I\-_/,n ---- averaged test curves
;- result of simulation

E -
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From test to material card — PP LGF30 *MAT_215

I I | I I I [ I | I | [ I [ I
3PB 2m/s, 23°C 1000 - | Puncture 2mi/s, 23°C |
140 | D E'd .
avg. test 0 . avg. measurement »
120 SOlid (°  se— ] | MAT_215 sS0lid  se—

avg. test 45° . 750 - —

— 100 S0lid 45° mm— —_
E. avg. test 80° E.
Q 80 solid 90° i 9 5001 .
L 60 7 2
40 7 250 —

20
0

Displacement [mm]

LY E
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component Displacement [mm]

validation
Y
)

Ef
‘j\-_/,n ---- averaged test curves
;- result of simulation
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From test to material card — PP LGF30 *MAT_215

E -
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From test to material card — PP LGF30 *MAT_215

-+ averaged test curvies
— result of simulation

Force [mm]

Displacement [ mm ]

5] A«
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Case study - sleeve

m=7.15 kg, v;,,=3.1 m/s

he Platte g

Typische ElementgrofRRe: 0.25mm
Elementtyp: Tetrahedron Type 10 Hirtenb
Elementanzahl: 469 470 Au:c.:m o?v?sm?trger

See more: R. Steinberger, et.al. Hirtenberger Automotive Group — Considering the Local Anisotropy of Short Fiber Reinforced Plastics, European Dynaforum 2017
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Case study - sleeve
m=7.15 kg, v,=3.1 m/s test *MAT_l 57/215 *MAT_24

he Platte Q local anisotropy isotropic

Typische Elementgrofle: 0.25mm
Elementtyp: Tetrahedron Type 10 hirtenb
Elementanzahl: 469 470 Au::'m?v':%grger

See more: R. Steinberger, et.al. Hirtenberger Automotive Group — Considering the Local Anisotropy of Short Fiber Reinforced Plastics, European Dynaforum 2017
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Current

45
40 -
35 1+
3.0
2.5 -
20 ¥
1.5
1.0 -
05
0.0

Implementation

B Shell TYP16 9 IP 2mm
® Solid TYP16 2 LAYER 2 mm

Solid TYP16 5 LAYER 1 mm

4.2

32 3.2

2219 21

*MAT_024 *MAT_SAMP-1

*MAT_157 *MAT_215

© Copyright 4a engineering GmbH - 23.01.2020
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Summary & Outlook

= advantages *MAT 215

= micro mechanical approach
model understands - fiber
orientation, aspect ratio

= simulation process chain
considering local anisotropy
process -» structural

= ongoing improvement/development
= CPU-time consumption

= failure/damage model
—> further research

LS-DYNA community
= penchmark - feedback

First
Improvements

41C



Intelligent reliable solutions for plastics, composites, metals, foams, ... N

.VALIMAT mIMPETUS

manage test results = single pendulum up to 4.5 m/s
(import, export, filter, evaluation) = double pendulum up to 8 m/s
= statistics = standard test methods
= automatic report = specialized test methods
= material card generation = component testing
= material card validation = advanced measurement
for all material types efficient dynamic testing
from test to validated material cards plastics and composites
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IMPETUS
SEMINAR AGENDA

VALIMAT

10:00 - 10:45 INTRODUCTION

Material behavior for plastics

Introduction to VALIMAT™ - workflow for generating material cards

10:45 - 12:15 IMPETUS™ HANDS ON

Hardware introduction and hands on testing

13:15 - 14:45 VALIMAT™ HANDS ON

Evaluation of test data and organizing databases
AUTOFIT: *MAT 024 parameter identification using the new feature

14:45 - 15:30 ADVANCED TOPICS

Parameter identification:

for yield surface and flow rule i.e. *MAT 187
for damage and failure i.e. *MAT ADD EROSION
Outlook on upcoming material models
P EncINEERING

15:30 - 16:30 Q&A In Cooperatio.n.with
JSOL CORPORATION == AR BROWN

Think Quality & Create Value
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m IMPETUS http://impetus.4a.at

VALIMAT  hitp/ivalimat.4aat

) YOUTUBE CHANNEL
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http://impetus.4a.at/
http://valimat.4a.at/
https://www.youtube.com/channel/UCgzo_QL773e_1XAT8_-FaZg

Thank you for your attention

interested for more...
join us in Werfenweng, Austria from,3-4"March 2020

Technolagy Day 2020 - Plastics on
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http://technologietag.4a.co.at/veranstaltungen/tt2020.html



