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= polymer and materials science strut bar:

= fiber reinforced plastics and composites
= product development

= numerical simulation methods

= material characterization

= method and software development
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Intelligent testing systems

= efficient high-dynamic testing
= crash-behavior of plastics

= material data for simulation
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material behavior / application
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Material behavior of plastics
time dependent behavior ZICI
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Material behavior of plastics
time dependent behavior
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Material behavior of plastics
time dependent behavior
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Material behavior of plastics

dynamic behavior — classical tensile tests
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Dependent on the material the dynamic behavior is more or less distinct.

Examples for various materials:
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Material behavior of plastics
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dynamic behavior — motivation

material variety

PA6.6 235 D-tex
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1 - e R )
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bending load case
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Kean ) Kean )

test
simulation

ooss

Source: R. Luijkx - Kunststoffmaterialien in der Interieur
Funktionsauslegung bei Audi AG, 4a Technologietag 2010
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MPIP - Material Parameter Identification Process 4 q
typical material models

Plastics SFRT /LFRT

*Mar_022/ O an

*MAT 054/058

= orthotropic elastic

*MAT 002 QAN

= orthotropic elastic

*MAT 024 @W
= quick & dirty m §
*MAT 157
= orthotropic @W&

= Mises plasticity

*MAT 187 (*MAT 124) = Damage

= complex yield surface = elastic viscoplastic *MAT 262

= visco elasticity = Hill plasticity = more enhanced

*MAT 215 = Puck failure criteria

micro mechanical model
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MPIP - Material Parameter Identification Process 4 q

reverse engineering

- ENGINEERING
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4a impetus — new software features

MPIP - Material Parameter Identification Process
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MPIP - Material Parameter Identification Process
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.-~ averaged test curves
—result of simulation




MPIP - Material Parameter Identification Process

from bending > *MAT 024
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Vo 2000 averaged test curves
iy S Mg s RN [m/s] —result of simulation
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MPIP - Material Parameter Identification Process

from bending > *MAT 024
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MPIP - Material Parameter Identification Process 4 q

from bending > *MAT 024
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MPIP - Material Parameter Identification Process 4 q
material characterization pyramid
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Triaxiality
complex yield surface
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tensile cl. bending
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MPIP - Material Parameter Identification Process 4 q
from tension/bending > *MAT 124/187

- ENGINEERING

Vo averaged test curves
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MPIP - Material Parameter ldentification Process 4 q
comparison of test results
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MPIP - Material Parameter Identification Process 4 q
material characterization pyramid
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Damage/Failure

static/dyn.
| puncture
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MPIP - Material Parameter Identification Process 4 q
from puncture - *MAT ADD EROSION

= Test results: Vi[a §
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brittle
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MPIP - Material Parameter Identification Process

fracture models > *MAT ADD EROSION
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MPIP - Material Parameter Identification Process 4 q

fracture models > *MAT ADD EROSION

I uniaxial n~0.33 ' biaxial n~0.66 e
1 “ "
{ P
i

- ENGINEERING

ormalized force

normalized force

n

[l

normalized displacement

4560 Colored: Test curves
Simple 4a * / Black: Simulation

£ fracture i
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= 075
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Q- jali~'al
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_______ strain rate=100 s-1 e A b s
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See more: A. Fertschej, P. Reithofer - Failure models for plastics - material characterization
for *MAT_ADD_EROSION (DIEM); 11th European LS-DYNA Conference, Salzburg
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MPIP - Material Parameter ldentification Process 4 q
Validation on component

,,,,,,,,

normalized force

___ Simulation i

Ny
‘ ‘ \;‘NAML ‘4 <l

normalized displacement

See more: A. Fertschej, P. Reithofer, M. Rollant - Failure of thermoplastics - PART 2, Material

modeling and simulation, LS-DYNA Konferenz 2015, Wirzburg
Component
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MPIP - Material Parameter Identification Process
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SFRT/LFRT *MAT 157/*MAT 215(4A MICROMEC)

Fiber orientation
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SFRT/LFRT *MAT 157/*MAT 215 (4A MICROMEC) 4 q
material characterization pyramid
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SFRT /LFRT *MAT 157/*MAT 215 (4A MICROMEC)

material characterization pyramid ZICI
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SFRT/LFRT *MAT 157/*MAT 215 (4A MICROMEC)
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SFRT /LFRT
Case Study Drop Test

' 4aimpetus - intelligent testing systems
‘_ powered by 4a engineering GmbH
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SFRT / LFRT Case study Drop test
Sleeve 4 CI
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SFRT / LFRT Case study Drop test
Sleeve 4 CI
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*MAT 24 *MAT 24 *MAT 15 7/215 test

transversal longitudinal local anisotropy

hirtenberger
Automotive Safety

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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Summary & Outlook

4a impetus - intelligent testing systems
Y powered by 4a engineering GmbH
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da impetus

Software solution from the test to the material card

Z1C]
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GmbH

= single pendulum up to 4.5 m/s
= double pendulum up to 8 m/s
= standard test methods

m specialized test methods

= component testing

= advanced measurement

plastic and composites

4a impetus Software

® manage test results
(import, export, filter, evaluate)

m statistics
® automatic Report
® material card generation

= material card validation

for all material types
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