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AGENDA

= What's new at 4a

= [ntroduction / overview

= mechanical design criteria

= deformation behavior — material models
= micro mechanical motivated model

= material characterization

= Case study sleeve

= Summary & Outlook
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intelligent reliable solutions for plastics, composites, metals, foams, ...
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Failure criteria / Damage
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mechanical design criteria - classical equivalent failure criteria

fallure criteria

Stress based

r
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.
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mechanical design criteria - composites — equivalent anisotropic criteria

fallure criteria

Stress based

W00 e CLF - Critical Fiber Length
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source: Milekusch B.A., A Physically Based Failure Hypothesis for Short-Fibre Reinforced
Thermoplastics for Finite-Element-Analysis, PPS 18, Portugal (2002)
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mechanical design criteria - composites — equivalent anisotropic criteria

fallure criteria

Stress based

composite
well known criteria Inter fiber failure Fiber failure
= Hill
= TSAI-Hill
= TSAI-Wu
= Hoffmann St
= Chang-Chang NN N e
= Puck unidirectio:‘%‘é /
= Cuntze fiber lamindte
. Quelle: Alfred Puck; Festigkeitsanalyse von Faser-

Matrix-Laminaten: Modelle fiir die Praxis.
Carl Hanser Verlag Miunchen Wien, 1996
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mechanical design criteria - composites — equivalent anisotropic criteria

fallure criteria

Stress based

Strain based
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1Y Beispielhaft: LS-DYNA *MAT 054

source: F. Kdster, Daimler AG - Characterization and model validation of laminate failure and partial damage in industrial applications, NAFEMS Leipzig 2014
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mechanical design criteria - composites — equivalent anisotropic criteria

fallure criteria

Strain based

plastic

—|» Test data at & = 0.04%
& Test data at & = [).(]:.'12
o Test data at ¢ = 1302
+ Test data at € = '2{][]%

mBW )
& Cutoff value

—

lastic failure strain e,y [ =
(%]
|
]
|
]
|
|
|
|

\P stic failure strai

o o2 04 S 0.8 10 2 - [:] T
= ’ @I ’ «-@- Strain rate € [1/9
O-m/o-e Triaxiality [-]
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polymers in automotive pedestrian protection, COMPLAS 2015, Barcelona

failure criteria, LS-Dyna Developer Forum 2011, Stuttgart
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Overview

Failure criteria / Damage

Material Model

Material Characterization
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Material models — actual approaches

P fiber QO |

 ——

Eshelby Tensor

micro scale

homogenization

_______________________________________________________________________________

Mises plasticity
= quick & dirty _b NYN.
.

= critical loading
transversal
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= anisotropic
elastic viscopls
= Hill plasti¢’

= isotropic elastic
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Material models — actual approaches

- Structural simulation

- Process simulation
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Material models — current implementation — micro mechanical motivated
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Material models — current implementation — micro mechanical motivated

© Copyright 4a engineering GmbH - 07.05.2018

fallure criteria

Stress based

Strain based
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Material models — current implementation — micro mechanical motivated

fallure criteria

Stress based Strain based

principal damage

[ T
History#6 (step8: 0-0.13): History#4 (step8: 0-0.81):
Fiber damage init. dm - matrix damage init.
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Overview

Failure criteria / Damage

I\(/I[?é?gﬁ:m%dne)l Material Characterization
vopero. dealization SERT/LFRT
Easy to use Mapping Uniaxial Biaxial
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material characterization pyramid
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See more: P Reithofer, et.al., Versagen von faserverstarkten Kunststoffen bei dynamischer Beanspruchung, 4a Technologietag -2017
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from test to material card
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from test to material card

/

Why not tension (only)?
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Validation - *MAT /215
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See more: P Reithofer, et.al., Versagen von faserverstarkten Kunststoffen bei dynamischer Beanspruchung, 4a Technologietag -2017
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Validation - *MAT_215

3PB_ayn_L res!
11_3PB_gyn_L res?
3PB_ayn_Q res?
1.1_3PB_dyn_Qresl(svg 8.7%
3PE_dyn_Drest

avg 0%/ mpx 58 2

%

max 18.9%)

Ben
long

ding 2m/s
tudinal

diag
trang

pnal
sversal

force

‘.Q.........<

4

— PV
.’...vvv o

e | .0

LD Ef

displacement

=i

(04 (0/45/90°)

force

7

Puncture 3 m/s

"

e

component
validation

See more: P Reithofer , et.al., Versagen von faserverstarkten Kunststoffen bei dynamischer Beanspruchung, 4a Technologietag -2017
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Validation - *MAT_215
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See more: P Reithofer , et.al., Versagen von faserverstéarkten Kunststoffen bei dynamischer Beanspruchung, 4a Technologletag -2017
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Current results - overview

First results on current *MAT 215 implementation

Hardening Damage Initiation Damage Evolution
va gf upfA
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Fiber deformation Failure Evolution

LFRT ‘/ ‘/
PPLGF30 | o,
SFRT
PBTGF30 4~ 2o \/ \/ \/

PA6 GF30 SFRT /
impact modified |/d ~ 30

© Copyright 4a engineering GmbH - 07.05.2018 1 N P H Y s 1 c s wW E T R U s T
P. Reithofer, pres_18050701_sia_ CRASHMAT+FAILURE

41C



CASESTUDY - SLEEVE

Hirtenberger. Ingenuity. Engineered.

Uberblick iiber die Prozesskette
(

Materialcharakterisierung

hirtenberger

Automotive Safety
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Fallsimulationen

4a Fibermap
* Moldex 3D Mesh
® Target Mesn
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CASESTUDY - SLEEVE
test *MAT 157/215 *MAT 24

m=7.15 kg, Vin=3.1 m/s local anisotropy isotropic

he Platte g

Typische Elementgrofie: 0.25mm
Elementtyp: Tetrahedron Type 10

Elementanzahl: 469 470 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

= advantages micro mechanical approach
= model understands - fiber orientation, aspect ratio
= simulation process chain considering local anisotropy
process = structural
= Validation results (coupon and component level)
= Good correlation in deformation behavior
= promising results in capturing failure
-> improvement post failure especially shells
= Qutlook
= failure/damage - further research
= DIC measurement — biaxial behavior
= Usage for endless fiber reinforced materials
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A new Interface Standard for Integrated
Virtual Material Modelling in Manufacturing Industry

Plasma Vacuum
Vapour Deposition

Composites
in Aerospace I*
\

Metal Foams in
Aerospace

Casted Gearbox
— ’ Housing

Composites for
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Material Data Exchange Interface

Standardisation, Prototypes,

and Demonstration

Stamping to Crash
in Automotive Additive
Manufacturing
in Aerospace

g’ VMAP
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