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Einleitung

=  Wie verhalten sich SFRT/LFRT Kunststoffe

=  Welche Simulationstools gibt es

= Wie sieht eine Simulationsprozesskette aus
Materialmodelle in LS-DYNA

=  Welche Modelle sind fir Composites verfligbar

=  Wie kann die Orientierung berucksichtigt werden
Materialcharakterisierung

=  Welche Prifmethoden bietet 4a impetus

= Wie funktioniert eine Materialkartenerstellung (LIVE)
Mapping

= Wie aufwendig ist das Mapping (LIVE)

= Auf was sollte geachtet werden

Diskussion
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4a technology-group: founded in 2002
Location: Traboch, Austria
Number of employees > 80
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4a engineering GmbH
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= polymer and materials science strut bar:

® numerical simulation methods

= fiber reinforced plastics and composites
» method and software development

= material characterization

= product development
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Einleitung

=  Wie verhalten sich SFRT/LFRT Kunststoffe
Welche Simulationstools gibt es

Wie sieht eine Simulationsprozesskette aus




Einleitung

Unterteilung polymere Verbundwerkstoffe

= Matrix elastisch/plastisch

= Thermoplast > Belastungsart
Zeit / Temperatur

= Duroplast
= Partikel oder Faser (Verstarkung)
= Talkum (Plattchen)
= Glaskugeln
= Glasfaser (isotrop)
=  Aramid, Carbon (transversal isotrop)
= Naturfasern, Holz, Stahli, ...




Einleitung

Matrixverhalten
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Einleitung

Unterteilung polymere Verbundwerkstoffe
= Matrix

= Thermoplast
= Duroplast
= Partikel oder Faser (Verstarkung)
= Talkum (Plattchen)
= Glaskugeln

= Glasfaser (isotrop) 4> Elastisch

Anisotropie

=  Aramid, Carbon (transversal isotrop)
= Naturfasern, Holz, Stahl, ...




Anisotropie
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Sonderformen der Anisotropie
Glasfaser (isotrop)
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Unterteilung polymere Verbundwerkstoffe
= unverstarkt

= Teilchen- oder partikelverstarkt (I/d<1)
= Kurzfaserverstarkt (I/d 20-40, d~10um) )i
- Langfaserverstarkt (I/d 100-200, d~20pum)  Kure- baw. Langfasern
= Endlosfaserverstarkt (I/d >> 1000)

Fasermatten

unidirektionaée/@ Gewebe /.( S\
n

Faserschicht

Bildquelle: Physik und Werkstoffkunde der Kunststoffe VO02/03, Montanuniversitat Leoben
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Kurz- und langfaserverstarkte Kunststoffe
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typische Materialien
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Kurz- und langfaserverstarkte Kunststoffe
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typische Anwendungen
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= Consumer goods

= Power Tools
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Kurz- und langfaserverstarkte Kunststoffe

typische Materialverhalten
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/9 Celanese

The chemistry inside innovation
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Kurz- und langfaserverstarkte Kunststoffe
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Faserorientierung

Wahrscheinlichkeit eine Faser im Raum anzutreffen
typische Beschreibungsformen

Dichteanhaufung Tensor Global Eigenwerte/-vektoren
aij:§\|](p)pi p; dp Ay +ayy +a,, =1 a,+a, +a, =1
‘ XXy =2 VXV, = vy
( 4, Ay Ay [ a, 0 0]
| a; = Ayy Ay a; = a, 0
| symim. az, | | symm. Ay |

Messung der Faserorientierung
=Schliffbilder (mehrere 1000 Fasern pro Messung)
*REM
u-CT




Kurz- und langfaserverstarkte Kunststoffe
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Faserorientierung

020 040 060 080  1.00
fiber orientation a;; [-]

1
I’_‘ A :
I © ‘ 1
1 O . :
L : I
| 5 10000 LGF45 :
15 I
1
| I/d=80 I
1 v 5000 H 1 :
: DCD wmk-y / / 1
1
L > 1Q1_ I
1 I :
I 1
I 1
I 1




Kurz- und langfaserverstarkte Kunststoffe dq
Vergleich gemessene Faserorientierung

. ENGINEERING

Wechselwirkung 5
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Kurz- und langfaserverstarkte Kunststoffe
Vergleich gemessene Faserorientierung
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orientation tensor ati
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Kurz- und langfaserverstarkte Kunststoffe

Einfluss Faserorientierung

» Anisotropes Verhalten - 3D Plot der Steifigkeit fir unterschiedliche
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Kurz- und langfaserverstarkte Kunststoffe
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Vergleich gemessene Faserlange
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Kurz- und langfaserverstarkte Kunststoffe
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Einfluss Faserlange
Einfluss der Faserlange auf den E-Modul abhé&ngig vom Orientierungsgrad

Einfluss des Orientierungsgrades
—PP GF401/d 30 /
—PP GF40 I/d 500

10000 //

12500

=
o
2
S
g [

5000
E 7

2500 5§::::::

0
0 0.25 0.5 0.75 1

Orientierung




Integrative Simulation

Simulationsprozess

Prozesssimulation
- Flllung "=
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- Faserorientierung_4#
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Struktursimulation
- Biegung




Integrative Simulation
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Simulationsprozess

Prozesssimulation - Schnittstellen ' Struktursimulation

am gleichen Netz
altlois s g g A\NSYS
@Lsm

Moldex3D

LS-DYNA®
' MOLDING INNOVATION Msc NaStran |
ad | AUTODESK

NASTRAN |

\ MOLDFLOW \
| G Ubertragung der i

SOLIDWORKS ' ,D SIMULIA
“lokalen Richtungen

PLASTICS
. -
Solution
- oder Steifigkeiten




Integrative Simulation
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Simulationsprozess

' Prozesssimulation Mapping Struktursimulation

“Fullung “=. - Biegung
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- Faserorientierung_# »
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I Ubertragung der
L , lokalen

K A — [4]  Anisotropien




Simulationsprozesskette
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Materialmodelle in LS-DYNA
= Welche Modelle sind fur Composites verflugbar
Wie kann die Orientierung berlcksichtigt werden




Material models in LS-DYNA

for the integrative simulation
of fiber reinforced plastics

Andrea Erhart, Christian Liebold,
André Haufe, Stefan Hartmann rDYN I
DYNAmore GmbH, Stuttgart, Germany vioRE

Peter Reithofer ZICI
4a engineering GmbH, Traboch, Austria N

14th GERMAN LS-DYNA FORUM
10 — 12 October 2016, Bamberg, Germany



Outline

m Integrative Simulation:
- Motivation
- Fiber orientation
- Homogenization
- Procedure

m Material models in LS-DYNA

- continous filaments/fabrics
- long and short fibers
- *MAT_215/ *MAT_4A_MICROMEC

m  Mapping
- Tools: 4a fibermap (4a engineering) — Envyo (DYNAmore)
- procedure for *MAT_157
- procedure for *MAT_215

m Examples

m  Summary and Outlook

ZIC1 integrative Simuiation with LS-DYNA {4 GERMAN LS-DYNA Forum 2016, 10-12 October, Bamberg, Germany MW INIA\ )
MORE
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Integrative Simulation: - motivation

= particulate composites:

= fibrous composites:

* short/long fibers:

« continuous filaments:

= |aminated composites:

AN YA Y
,/\f"" 4
d’l.f.-’["z,l|,“'

i L Y]
1Y A -s
N2l

a...\,;ﬁ 7
/.

dq Integrative Simulation with LS-DYNA 14t GERMAN LS-DYNA Forum 2016, 10—12 October, Bamberg, Germany




Integrative Simulation: - motivation
Aim:
= |nclude production process in simulation model for mechanical behavior

j:-?(-:‘:«: i-‘:.' N Q
_ ’_,-;" c/
-/ Kemzone
(scherungsarm)
)
Cp

[www.genplastkenya.com]

[wiki.polymerservice-merseburg.de]

Orientation tensor 2"d order a: Mapped from process simulation as

= eigenvectors q; (main fiber directions)

eigen value a,, eigen vector q,
= eigenvalues a; (orientation probability)

aq»;

Z1C]  integrative Simulation with LS-DYNA 14 GERMAN LS-DYNA Forum 2016, 10-12 October, Bamberg, Germany fObvnna 4
MORE



Integrative Simulation: - Homogenization
1st step: Effective properties of unidirectional (UD) composite ‘

Analytical homogenization: Eshelby + Mori-Tanaka:

— . strain concentration tensor:

~1
- Eshelby + Mori-Tanaka A= (1 +E:s™ (¢ - Cm))

+ empirical equations

L . equivalent unidirectional stiffness matrix :
fiberin matrix - upper/lower bounds homogeneous
UD _ :
UD-medium C"=C"+ Vf(cf —C™):A

2nd step: Orientation averaging: Effective properties of (real) unaligned composite *

homogenized stiffness matrix : ~ Cyjy; = j cUP (0, ¢) dQ

Advani & Tucker: Cijkl = Blaijkl + Bz (aijSkl + ak15ij) + Bg (aiijl + ailc?jk + ajlc?ik + ajkc?il)

+ B4(6;611) + Bs (81851 + 6161
Closure approximation a,
and @y = [pipjpkpr Y(6,$) AR
By, = CYP 125 + CYP 33

By = CYP 3233 Bs = 1/2 (CYP 2222 — €Y 3233)

with fiber orientation tensors: @ = Jpip; Y(6,¢) dn

— rUD UbD UubD UpD
Bl =C 1111 +C 2222 2C 1122 — 4C 1212

B3 = CYP 1515 + 1/2 (CYP 3233 — CYP3222)

ZICl  integrative Simuiation with LS-DYNA

14 GERMAN LS-DYNA Forum 2016, 10—12 October, Bamberg, Germany Ml:gxl\lA 5



Integrative Simulation: - Procedure

l@ ? fiber orientation tensor

d
groM RO Rs
homogenization % elastic
within the material homogenization
model (i.e. "MAT215) with mapper
mapper output: mapper output:
*INITIAL_STRESS_SOLID/SHELL: *INITIAL_STRESS_SOLID/SHELL:
= fiber orientation tensor: = homogenized constitutive matrix C;;
al, a22, q1, g2, ivi, ... = LCSS (hardening table)
in combination with: in combination with:
*MAT_4a_MICROMEC (*MAT_215) *MAT_ANISOTROPIC_

= elastic or inelastic homogenization ELASTIC_PLASTIC (*"MAT_157)

during simulation

ZIC1 integrative Simuiation with LS-DYNA 14" GERMAN LS-DYNA Forum 2016, 10-12 October, Bamberg, Germany El:gxl\lA



Integrative Simulation: - Procedure

= Injection molding simulation: molding

fiber orientation / fiber content discretization

A

s

ik o™
(
Diak Dbk BEE DR BLEDE iy

0.25

a8, 445 9>

to the midplane

-0\

*JJD)T%
X

-0~ a

=

3

2

-

e

3

s 0.

Z

£

) /

= Mapping of fiber orientation tensor
(main values und main directions)
- fiber content

all —#-al2

-0.25
ctional distance

Fra

1
0.8
0.4
0.2

0

£ 06

=
-

-

=1

A4
N a4

= Computation of homogenized

(elastic) material properties structural analysis

discretization

[

9L

NS
= Analysis using homogenized anisotropic material model (i.e.: *MAT_157)

Analysis with homogenization in the material model (*"MAT_215)

ZIC1 integrative Simuiation with LS-DYNA 14" GERMAN LS-DYNA Forum 2016, 10-12 October, Bamberg, Germany El:gxl\lA
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Outline

m Material models in LS-DYNA

- continous filaments/fabrics
- long and short fibers
- *MAT_215/ *MAT_4A_MICROMEC

[ |
[ |
[ |
ZIC1 integrative Simuiation with LS-DYNA {4 GERMAN LS-DYNA Forum 2016, 10-12 October, Bamberg, Germany MW INIA\ o
i —— MORE



Material models in LS-DYNA: - continuous vs. discontinuous

Continuous filaments / fabrics

Non-varying anisotropy in region:
orthotropic / transversal isotropic

One material card for part

Cﬁf‘é%

long or short fibers (injection moulded)

Local varying anisotropy

One ‘material card’ for every IP

» orthotropic elastic » orthotropic elastic
%%/ 5y
» anisotropic plastic (e.g. Hill48) o » anisotropic plastic (e.g. Hill48)
» rate dependent hardening - » rate dependent hardening
Oyp
» failure for fibrous composites aj » | » failure for fibrous composites
(e.g. Chang-Chang, Tsai-Wu, Hashin) (e.g. Chang-Chang, Tsai-Wu, Hashin)
ZIC1 integrative Simuiation with LS-DYNA 14 GERMAN LS-DYNA Forum 2016, 10-12 October, Bamberg, Germany :DYI\IA

-----
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Material models in LS-DYNA: - continuous filaments/fabrics
Anisotropic material models:

*MAT_002
*MAT_157

011
022
033
023
031
012

Tré

€22
€33
€23
€31

1L€12

anisotropic / orthotropic elastic
anisotropic elastic, orthotropic plastic (Hill48)

Material models with failure criterions for fibrous composites
different failure modes: fiber in tension/compression, matrix failure, mixed modes

*MAT_022
*MAT_054
*MAT_055
*MAT_058
*MAT_158
*MAT_261
*MAT 262

43

. 0 e . RS

""'..'...‘.
..0........'-....
.j:.....'.'o..
o0 o ® o o . -

e f

=,

Transverse tensile fracture

% N

k= 1

Longitudinal tensile fracture

£,

Transverse compressive fracture  Longitudinal compressive fracture
A

orthotr.elast + Chang-Chang failure
orthotr.elast + pl.+ failure Chang-Chang
orthotr.elast + pl. + fail. f:Chang m:Tsai-Wu
orthotr.elast, damage + failure mod. Hashin
orthotr.elast, damage + failure, rate depend.
orthotr.elast, damage + failure Pinho
orthotr.elast, damage + failure Camanho

Material models for draping of fabrics / thermoplastic pre-pags

*MAT 249
*MAT 277

r—

e

— Uy
— e

thermoplastic matrix + hyperelastic fabric (R8)
visco-thermo-elastic, curing (from R9)

ZICl  integrative Simuiation with LS-DYNA

14t GERMAN LS-DYNA Forum 2016, 10—12 October, Bamberg, Germany DY N.A

MORE
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fiber orientation (and homogenized material data) as | fiber orientation (and homogenized material data) as
history variables. Can be initialized for each
input data in material card integration point individually using

only useful for continuous, aligned fibers
else:

Material models in LS-DYNA: — long and short fibers

*INITIAL_STRESS_SOLID / SHELL

inhomogeneous fiber distribution needs individual
part / material card for every element

*MAT_ANISOTROPIC_ELASTIC (*MAT 002) or *MAT 215 or
*MAT_ANISOTROPIC_ELASTIC_PLASTIC (*MAT_157)

one part / material card for whole component

ZIC1 integrative Simuiation with LS-DYNA 14" GERMAN LS-DYNA Forum 2016, 10-12 October, Bamberg, Germany EIEXI\IA »



Material models in LS-DYNA: — long and short fibers

input data in material card

only useful for continuous, aligned fibers
else:

inhomogeneous fiber distribution needs individual
part / material card for every element

fiber orientation (and homogenized material data) as

fiber orientation (and homogenized material data) as
history variables. Can be initialized for each
integration point individually using

*INITIAL_STRESS_SOLID / SHELL

one part / material card for whole component

*MAT_157 IHIS = 8(13 + 4(12 + 2(11 + ao

with a, ... az each either 0 or 1

*INITIAL_STRESS SOLID:
NHISV = 6a, + 21a, + 6a, + a;

*INITIAL_STRESS SHELL:
NHISV = 2a, + 21a; + 3a, + a;

flag description variables number flag description variables number
ao material directions q.9; 6 ao material directions 41,4, 2
a, aniso. el. stiffness C; 21 a, aniso. el. stiffness C; 21
a, | anisotropic plasticity | FGH,LM,N 6 a, | anisotropic plasticity | ryprssre 3
as hardening curve LCSS 1 as hardening curve LCSS 1
ZIC1 integrative Simuiation with LS-DYNA 14 GERMAN LS-DYNA Forum 2016, 10-12 October, Bamberg, Germany zlgxl\lA 10



Material models in LS-DYNA: — long and short fibers

m *MAT 215 - *MAT_4A MICROMEC
- Micro Mechanic Based Material Model
- fiber: (transversal) isotropic elastic
- matrix: isotropic elastic, viscoplastic (like *MAT _024)
- Mori-Tanaka Mean Field Theory

®m more about this new material model in:

MATERIALS [SHORT FIBER-REINFORCED POLYMERS) S.111-119

Chair: B. Lauterbach [Adam Opel]

Some Aspects on Characterizing and Modeling of Unreinforced and
Dienstag, 11. Oktober Short Fiber Reinforced Polymers in Crashworthiness Applications
M. Vogler, G. Oberhofer, H. Dell
120~ A1 00 Uk R 1 [Matfem Partnerschaft Dr. Gese & Oberhofer)

T8 1220 e SOM/. Maleeels Potential of MAT_ 157 for Short-Fiber-Reinforced Injection Molded
Compression [SFR Polymers) ' Plastic Components

W. Korte, S. Pazour, M. Stojek [PART Engineering)

Modeling of Fiber-Reinforced Plastics Taking into Account the
Manufacturing Process
C.A.T. Reclusado [Fraunhofer EMI]; S. Nagasawa [Fuji Heavy Industries)

*MAT _4a_micromec - Micro Mechanic Based Material Model
A. Erhart, S. Hartmann [DYNAmore]: B. Jilka, P. Reithofer
(4a engineering)

ZIC1 integrative Simuiation with LS-DYNA 14" GERMAN LS-DYNA Forum 2016, 10-12 October, Bamberg, Germany :?XI\IA 3



Outline
[
[
m  Mapping
- Tools: 4a fibermap (4a engineering) — Envyo (DYNAmore)
- procedure for *MAT_157
- procedure for *MAT_215
[
[
4C| Integrative Simulation with LS-DYNA 14t GERMAN LS-DYNA Forum 2016, 10—12 October, Bamberg, Germany zl:ngA 14



Mapping: - tools

Laminate:

. ) . CEIEmEAT |, [ 0°, 45°, -45°, 90°] ———a/—ilﬁspm
m 4a fibermap (4a e_ngmeerlng) — -,
- more about that later in this workshop S - e —— i
o-—O— (@]
pu o—O—0 N —_ o
| Envyo (DYNAmore) {o—o—o} g
- fiber orientations
. . (@) O |pa
- homogenization o O _p3
; . . . - =)
- mapping between various modeling techniques ° -k

- more about Envyo in:

AGENDA - MITTWOCH, 12. OKTOBER 2016

RAUM 4
— WDRKSHDP PA
==| = | - |
Leitung: C. Liebold [DYNAmore) -

Mapping Tool Envyo

= 11:20
/ The warkshops feature both informative and how-to knowledge
! . with demonstrations of the latest features from experts. -

The aim is to provide the attendees with insights, limits and merits of
the topic. It facilitates the understanding by showcasing simple
examples that explain the methods. Besides the presentation there
will be time for interactions between the presenters and the audience.

LIn un:j
s
C’x

12:00

12:20

ZIC1 integrative Simuiation with LS-DYNA 14" GERMAN LS-DYNA Forum 2016, 10-12 October, Bamberg, Germany :?XI\IA 5
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Mapping: - Procedure for *MAT_157
*MAT_ANISOTROPIC_ELASTIC_PLASTIC (*MAT_157)

= material card is input of user

= elastic homogenization done with Envyo

- c11 ... c66

= aopt=0: q1 and g2

in *INITIAL_STRESS_SHELL

= evaluation of ihis=3 see above
= for damage / failure: *MAT_ADD_EROSION

in *INITIAL_STRESS_SHELL

LCSS

e

0, Foos 45, 9o

Z

mapper:l C

homogenised elastic -
macroscopic visco-plastic

from R9: Tsai-Wu failure criterion *MAT_157
SCARD 1 mid ro sigy lecss grl crl qr2 cr2
1| 1.52E-06 0.018 999
SCARD 2 Cl1 Cl2 C13 Cl4 C15 Cleé Cc22 c23
SCARD 3 C24 C25 C26 C33 C34 C35 C36 C44
SCARD 4 C45 C46 C55 C56 C66 ROO R45 R90
0.95 0.8 1.0
SCARD 5 sll s22 s33 sl2 aopt vp macf
0

SCARD 6 Xp yP zp al a2 a3
SCARD 7 vl v2 v3 dl d2 d3 beta ihis
3

dq Integrative Simulation with LS-DYNA 14t GERMAN LS-DYNA Forum 2016, 10—12 October, Bamberg, Germany EIEXI\IA
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Mapping: - Procedure for *MAT_157

Integration point 1

*INITIAL_STRESS_SHELL is generated automatically by Envyo
SCARD 1 eid nplane nthick nhisv ntensr large nthhint nthhisv
1 1l or 4 e.g. 5 23
SCARD 2 t sigxx sigyy sigzz sigxy sigyz sigzx eps
0.0e+00 0.0 0.0 0.0 0.0 0.0 0.0 0.0
$CARD 3 ql q2 ci1 C12 c13 c14 c15 clé
8.84e-01 | 1.09e-01 | 1.1e+01 | 4.9e+00 | 2.4e+00 | 0.0e+00 [ 0.0e+00 | 0.0e+00
$CARD 4 c22 c23 c24 c25 c26 c33 c34 c35
4.6e+00 | 8.6e-01 | 0.0e+00 | 0.0e+00 | 0.0e+00 | 4.3e+00 | 7.2e-01 | 0.0e+00
$CARD 5 C36 c44 c45 c46 C55 C56 C66
0.0e+00 [ 1.5e+00 | 0.0e+00 | 0.0e+00 | 5.6e-01 | 0.0e+00 | 8.7e-01
~ i SCARD 6 t sigxx sigyy sigzz sigxy sigyz sigzx eps
o - -0.9062 0.0 0.0 0.0 0.0 0.0 0.0 0.0
-~ —_— —
" For shells:
Material direction (main fiber orientation): Only first eigenvector necessary:
described by direction q; = cos, q, = —sinf X, 4 a
b
q1 q2
beta X4
s
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Mapping: - Procedure for *MAT_215

*MAT_4A_MICROMEC (*MAT_215)

. . )
= material card is input of user ,%’7/7@0,
= homogenization done within *MAT_215 R70
= fiber orientation tensor by mapper and written to
*INITIAL_STRESS_SOLID/*INITIAL_STRESS_SHELL
= for solids and shells
SCARD 1 mid | mmopt | bupd failm failf | numint | homogenization
SCARD 2 aopt macf Xp ypP zp al a2 a3 | mat. main direction
or via:
CARD 3 1 2 3 di d2 d3 bet
> v ’ ’ - “INITIAL_STRESS_X
SCARD 4 fvf fl fd all a22 fiber geometry
SCARD 5 rof el et | glt | prtl prtt
fiber properties
SCARD 6 xt slimxt | ncyred
SCARD 7 rom e pr
SCARD 8 sigyt | etant eps0 c
_ _ matrix material
SCARD 9 | lcidt lcdi upf
ZICl  integrative Simuiation with LS-DYNA 14" GERMAN LS-DYNA Forum 2016, 10-12 October, Bamberg, Germany EDYI\IA
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Mapping: - Procedure for *MAT_215

*INITIAL_STRESS_SHELL

SCARD 1 eid nplane nthick nhisv ntensr large nthhint nthhisv
1 1 or 4 e.g. 5 12

SCARD 2 t sigxx sigyy sigzz sigxy sigyz sigzx eps
- 0.0e+00 0.0 0.0 0.0 0.0 0.0 0.0 0.0
5 || $carp 3 . . | . | . . .
o Hisvl Hisv2 Hisv3 Hisv4 Hisv5 Hisvé6 Hisv7 Hisv8
S
© || $cARD 4 _ . : :
on Hisv9=ql Hisv10=qg2 Hisvll=all Hisvl2=a22
£

SCARD 5 t sigxx sigyy | sigzz sigxy sigyz sigzx eps
~ —0.9(’)62 0.0 0.0 0.0 0.0 0.0 0.0 0.0
5 || $carp 6 see
2—.. *SECTION_
2 HELL
© $CARD 7 ql q2 all a22
g
i
o [| $SCARD 8 t sigxx sigyy | sigzz sigxy sigyz sigzx eps
. ff -0.5385
n__ . .

ZIC1 integrative Simuiation with LS-DYNA 14" GERMAN LS-DYNA Forum 2016, 10-12 October, Bamberg, Germany zl:ngA 0



m Examples

Outline

nnnnnnnnnnn

Integrative Simulation with LS-DYNA
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*MAT_215 (stress-strain behavior): matrix - fiber - composite

300 mat 215
| Afib terial
250 / j_ma‘::i:‘?naet":aarial
Il / aL=composite fvol 0.2
200
E -
Z 150
n
g Ik
5 100 Fiber material:
o / E11f = E22f = 72.0 GPa
" B B B prBA = prCB = 0.20
rhof = 2.58E-06 kg/mm?3
0 ' ' ' ' : apect ratio (L/d) = 25
. W 9% e e fiber volume fraction = 20%
X-strain
| - — Matrix material:
prM = 0.32

— D-_ — rhom = 1.2E-06 kg/mm?
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*MAT _215: influence of fiber direction

mat 215 Stefan/4a

300 L
fiber direction
A0 deg aligned
250 B30 deg aligned
-£.45 deg aligned
i 290 deg aligned
200
- _
o
£ 150
1]
0]
0 -
1S
]
% 100
-
R
50 C
0 | | | | |
0 0.02 0.04 0.06 0.08
X-strain
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*MAT_21 9 Influence of fiber alignment

— — —
mat 215 Stefan/4a

Fiber orientation distribution
//— Apll: 1.0 a22: 0.0
250 — 8.a11: 0.8 a22: 0.2
_Call:0.33 a22:0.33

200
5 — e
[« /
Z 150
0n
0n
w —
1S
I
V) 100

o
r _L
C
50 -
0 ¥ | | | 1
0.04 0.06 0.08
X-strain
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Tensile test: fiber orientation distribution

= Tensile specimen in 0°, 45°, 90° cut out in middle of injection moulded plate

= Fiber orientation of 0°- specimen over thickness (uCT-Scan):

Tensor data A; vs. rel. thickness - specimen 5

——A_xx
A _yy
——A 7z
_ i o TN )
1.0
ZIC1 integrative Simuiation with LS-DYNA 14" GERMAN LS-DYNA Forum 2016, 10-12 October, Bamberg, Germany :l:gxl\lA o
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Tensile test: fiber orientation distribution

moulded plate simulation of moulding process

sprue bush

= Fiber orientation of 0°- specimen over
thickness uCT-Scan vs. simulation results TensordataA; vs. rel. thickness - specimen 5

1,00

—— A XX

—=—A_yy

——A_77

—¢ FT-mid-AVG-A xx
- FT-mid- AVG - A_yy
—& FT-mid-AVG-A_zz
—#=-RSC-mid - AVG - A_xx
—® -RSC - mid - AVG - A_yy
=&=-RSC-mid - AVG-A_zz

bk - k- gy A - k-4t -4

1,00 U,‘SU 0,60 0,40 0,20 0,00 0,20 0,40 0,60 0,80 1.00
Z1C]  integrative Simulation with LS-DYNA 14 GERMAN LS-DYNA Forum 2016, 1012 October, Bamberg, Germany  RIED™W” INILAN.
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Tensile test: simulation vs. experimental results

= Experimental tensile tests carried out by DYNAmore (here: quasi-static loading)

R |

- 00 ; 900

x_technStress [MPa]

x_technStrain

A.Experiment Odeg
SB.Experiment Odeg
L. Experiment 45deg
JLLExperiment 45deg
EEXperiment 90deg
LEXperiment 90deg
SH.MAT215 Odeg
HMAT215 45deg
—A=MAT215 90deg
-J.MAT157 Odeg

ZICl  integrative Simuiation with LS-DYNA
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Outline

m  Summary and Outlook
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Summary and Outlook

m various material models available in LS-DYNA
- for short/long fiber reinforced plastics
- for continuous fiber reinforced composites

m integrative simulation needs mapping

m homogenization can be done
- in the mapper (i.e. "MAT_157)
- in the material model (i.e. *"MAT_215 — based on micro mechanics)

m  more possibilities will be added depending on user requests
- material models / features in LS-DYNA
- mapping capabilities

m  Thank you!

ZIC1 integrative Simuiation with LS-DYNA 14" GERMAN LS-DYNA Forum 2016, 10-12 October, Bamberg, Germany zl:gx NA
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Materialcharakterisierung
=  Welche Prifmethoden bietet 4a impetus
= Wie funktioniert eine Materialkartenerstellung (LIVE)




4a impetus dynamische Prufungen
Prifystem

= efficient high-dynamic testing
= crash-behaviour of plastics
= material data for simulation

e
., W

@ 4aimpetus - intelligent testing systems
B powered by 4a engineering GmbH

Seite: 56 /99

Autor: Peter Reithofer, Artur Fertschej, Michael Rollant 1 N P H Y s 1 c s
Datum: 161109

Titel: rep_16110901_pr_afer_mr_gga_Workshop.ppt




4a impetus

41C]

- ENGINEERING

\Fx

Optical Measuring Technigues /4a i m petu S Softwa re\ TeStI'ESU"S

Material characterization

(&
= Zwick / Roell = —
—, X T Reports
INSTRON' T
1T |

@SHIMADZU / a.j;’/z““ﬁxﬂ |
(&) f 4a lmpetus Hardware A ic* R
« - utomatic
e\ | LS
: > &8
> Postprocess
©

\_ n

' T8 , 4a impetus - intelligent testing systems Materialcards
p X-powered by 4a engineering GmbH Optlmlerer
e P fbwvna

o ] 6110901 p = gga 0 op.pp MDRE




4a impetus dynamische Prufungen

41C]

. ENGINEERING

Prifsystem
2015

g-Sensor am Widerlager und g-Sensor am Pendelkop/
Pendelkopfmasse: 500 - 2000 g (Zusatzgewichte)

Prifgeschwindigkeit: 1 — 4.4 m/s

Finnen- und Widerlagerradius: 2 bzw. 5 mm




4a impetus dynamische Prufungen

41C]

Jl ENGINEERING

Prifsystem

ﬂla impetus Hardware\
T &l

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

= specialized test methods

Fixed bending test Puncture test

Ibhvnna

na O R E




4a impetus dynamische Prufungen
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Jl ENGINEERING

3-Punkt-Biegung

ﬂla impetus Hardware\

‘.“. i ] = |

/4a impetus Software\




4a impetus dynamische Prufungen
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3-Punkt-Biegung

S
5T

/4a impetus Software\




4a impetus dynamische Prufungen
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gespannte 3-Punkt-Biegung

ﬂla impetus Hardwar 4a impetus Software\

P

|y




4a impetus dynamische Prufungen
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gespannte 3-Punkt-Biegung

ﬂla impetus Hardwar

4a impetus Software\

71—t
[z




4a impetus dynamische Prufungen
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Komponentenprufung T-Probe

ﬂa impetus Hardware\ /4a impetus Software\

v i =k
‘

= e —
=g
=




4a impetus dynamische Prufungen

41C]

. ENGINEERING

Komponentenprufung T-Probe

ﬂa impetus Hardware\ /4a impetus Software\

& B p—— — = e |
Th J g £otm

ELEH

nnnnn

Lisplacemen jmm)




4a impetus dynamische Prufungen
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Komponentenprufung Doppelrippe v -

a impetus Software\

ﬂa impetus Hardware\ /4




4a impetus dynamische Prufungen
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Komponentenprufung Doppelrippe

ﬂa impetus Hardware\ /4a impetus Software\

‘ s

©1 m——

| B [ — e




4a impetus dynamische Prufungen
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DurchstoBaufbau

ﬂla impetus Hardware\ /4a impetus Software\

=

s e # |
_i il C | | | | |




4a impetus dynamische Prufungen
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Komponenten

ﬁla impetus Hardware\ /4a impetus Software\

—
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4a impetus
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Material characterization

vie | O

)

component
validation

and/or

tension i H
dominated

bending bending tension puncture validation

dynamic
dynamic
static
dynamic
static
dynamic
static
dynamic

comment

Materialcard for each

*MAT_024| [ o
direction

‘MAT_157, [
“MAT _215

GVME«

uCT




4a impetus ACI

Material characterization — - —_—

)

component
validation

Validation DOM &
wall thickness

Upcoming ISO
Plate 120 x 80 x 2 mm

injected samples




4a impetus
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Materlal characterlzatlon

el O (Fiter CFC 1...(Y

)

component
validation

Bimpetus

Contec ID:0 160905_030/channel 0 (Fiver CFC 1...[Y

1) T = 20.640[mesc)

Himpetus

Date




4a impetus
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Material characterization

LAENGS_Zmps.res]

)
. component
g:lgliiii:g:r_i:‘ms.’eﬂ:a\-‘g:‘?_?‘}{::’msx:ﬁ.—:}ﬁ) Bendlng 2m/s validation
longitudinal \ J

200.00 dl?]g()na| /h
f
transversal
n

= —

%

S 200.00 /G—Wm

. ‘9
% . 8
’*‘ \ 'i—’ p)
100.00 N +

Displacement [mm]

LIVE




Case study Doublecrossrib

Using *MAT_215

1000.00

T50.00

£00.00

Farce [N]

2E50.00

0.00

Displacement [mm]

200

2.00

e

BEFIBERMAP
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Mapping
=  Wie aufwendig ist das Mapping (LIVE)
= Auf was sollte geachtet werden




Fallbeispiel (4a fibermap)

Aufgabenstellung

= Es wird gezeigt, wie von einem Spritzgussbauteil auf eine
daraus entnommene Probe (Doppelkreuzrippe)

die Faserorientierung mittels 4a fibermap gemappt wird

und im Anschluss eine dynamische 3-Punki-Biegung in 4a
impetus simuliert wird (LS-Dyna).

Die Faserorientierung wird als *INITIAL STRESS SHELL
tbertragen.

= Material: Stamax 30YM 240 (PP LGF30)
= Notwendige Daten:

Spritzgusssimulation Versuchsbauteil (Autodesk Moldflow®)

FEM-Modell des Probekdrpers (Shell-ldealisierung,
Elementkantenlange 1 mm)

Entsprechendes  Materialmodell (z.B. *MAT 157 oder
*MAT 215)

41C]

. ENGINEERING




Fallbeispiel (4a fibermap)

41C]
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Aufgabenstellung
= 3-Punkt-Biegung der Doppelkreuzrippe:

/4a impetus Hardware\ 4a impetus Software\

i
Mean value '\k | ﬁ!l \
curve of testsr Wl




Fallbeispiel (4a fibermap)

Aufgabenstellung
= Modell in Autodesk Moldflow®:

Autodesk:

= FEM-Modell:




Fallbeispiel (4a fibermap)
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Aufgabenstellung
= Ergebnis Faserorientierungstensor aus Autodesk Moldflow®:

Fiber orientation tensar
=0.8648

0.5645 I

0.7320

0.5991 l

0.4663

0.3334

141

21
A =

Autodesk:

oooooooooooooo Scale (100 mm)




Fallbeispiel (4a fibermap)

41C]

Vorgehenswelise — oy -

Die prinzipielle Vorgehensweise des Mapping-Prozesses ist im
folgenden aufgefuhrt:

= 1. Spritzgusssimulation durchflhren (z.B. Autodesk Moldflow®) und
Ergebnisse exportieren (XML)

= 2. FEM-Modell erstellen (z.B. mit ANSA®)
= 3. Mapping mit 4a fibermap durchfihren (Workflow)

= 3a. 4a fibermap starten

= 3b. Autodesk Moldflow®-Ergebnisse importieren

= 3c. Mapping durchflihren

= 3d. Export der gemittelten gemappten Eigenschaften
= 4. FEM-Berechnung (z.B. mit LS-DYNA®) durchflihren




Fallbeispiel (4a fibermap)

41C]

Jl ENGINEERING

3. Mapping mit 4a fibermap durchfuhren (Workflow)

= Zuerst muss 4a fibermap gestartet und das Arbeitsverzeichnis
angegeben werden.

]Work'ﬂow | Micromec | File converter | Moldflow Interface | Mapping fiber orientation | Cutput |

Process Input

() Direct Moldflow Interface @ Process Result File Tab Moldflow Interface ]

_____

.I | Mo Process Inputdile selected |

Structural Input

| Mo Structural Inputfile selected |

@ Result on Blement ) Result on Node

Mapping Settings

| Mo Settings selected | e
]
Mew | Check reference systems |
P [¥] Append materialoard in final output  Start ID: [1000000 | Tab Micromec | .
=

_____

| No Materialdile selected |

| Mo Output Definttion selected | —

Tab Output | Defintion

| Mo Outputfile selected |

e

View

s Read ——Save Final
4 q Abcut Mamdl Work @Work %Output

. ENGINEERING




Fallbeispiel (4a fibermap)
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3. Mapping mit 4a fibermap durchfuhren (Workflow)

= Danach mussen die entsprechenden Dateien angegeben werden:

ap ver. 3.4 alph

D:\da_fibermap_v34a\Test! = Workingdirectory

]Wnrlcﬂuw | Micromec | File converter | Moldflow Interface | Mapping fiber oientation | Cutput I

Process Input

) Direct Moldflow Interface @ Process Result File [ Tab Moldflow Inteface ] |_% MOldeOW'ErgebniS
MNo Process Inputile selected = (XM L)
Structural Input
No Structural Inputfile selected = FEM-Modell
@ Resut on Element ) Resuft on Node - (LS-Dyna / Abaqus

...)
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Fallbeispiel (4a fibermap)
3. Mapping mit 4a fibermap durchfuhren (Workflow)

Danach mussen die entsprechenden Dateien angegeben werden:

[ |
Mo Structural Inputfile selected s
@ Result on Bement ™1 Result on Mode
Mapping Settings
; Mo Settings selected N q .
2 st Mapping Settings
Mew Check reference systems (Wenn Vorhanden)
[¥] Append materialeard in final output  Start ID: (1000000 : .
T Mhoumee — Optional:
€ .
No Materialfile selected Materialkarte
Mo Output Defintion selected e
Tab Output Def-ia'rtiun
Mo Outputfile selected =

View




—
Q.
©
£
R
(b

Q

ﬁ
©

<

N

C
)
S
L
)
[ —
L
(@)
-
O
(@)
=
Q.
O
Qv
=
O
™

ispie

Fallbe

na O R E

Die

in den Referenzsystemen.

Einstellungen

| -
()
©
c
(qv]
<
()]
-
N
—
(@]
=
0
| -
e
(¢b)
&
(@]
(b)
)]
c
(¢b]
O
(@]
| -
(al
| -
(D)
©
©
c
-
=)
A,
Q
w
‘O
e
S
(qv]
m
%)
(D)
©
(¢b)
)]
(4]
1

Probengeometrie muss noch verschoben werden.

aufgrund der



Fallbeispiel (4a fibermap)
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3c. Mapping durchfihren

= Die Probengeometrie wurde durch Anpassung der Werte im
Referenzsystem der Probe in die richtige Lage gebracht, sodass
sie sich mit dem Bauteil deckt.

p"‘ .,'.:

W
‘?’uﬂ | '.'I‘UHJl"l:’ |H




Fallbeispiel (4a fibermap)
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3c. Mapping durchfihren

Qualitatscheck

= Automatisch wird eine Statistik als CSV ausgegeben
und ein weiteres LS-DYNA File das die durchschnittliche
,Mappingdistance” anzeigt.

= Damit Iasst sich sehr gut die Qualitat des Mappings Uberprufen.

Bin-Name Lower-limit Upper-limit  Count

mm mm - u P
Bin#0 0 0.2 982 z
Bin#1 0.2 0.4 2580
Bin#2 0.4 0.6 4047 ‘
Bin#3 0.6 0.8 2911
Bin#4 0.8 1 2162
Bin#5 1 1.2 408
Bin#6 1.2 1.4 5
Bin#7 1.4 1.6 0
Bin#8 1.6 1.8 0
Bin#9 1.8 2 0
Mapping Distance
5000 i
1000 Darstellung in LSPREPOST
3000
2000 | ‘ | ¥ X
1000 I :
- .
O 0O o oooboaoDaoo




Fallbeispiel (4a fibermap)
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3. Mapping mit 4a fibermap durchfuhren (Workflow)

= Danach mussen die entsprechenden Dateien angegeben werden:

Lo M V| Append materalcard in final output  Start ID: 1000000 | | Tah Micromec

Mo Materalfile selected

Mo Output Definition selected o Template far das

-

Tab Output Defii'.l'rti.un Mapplng (fur z.B.
*Element_Shell _Beta)

Mo Output file selected

41C]
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7o —~& Ausgabe-Datei

// \\
= Read Save Final
g [ Manual W‘crk Wnrk ( l:Q:k"*."{)ut;:lut )

N

Mew workingdirectory

= Mit Klick auf ,Final Output” wird das Mapping durchgefthrt und das
Ergebnis in die Ausgabe-Datei geschrieben.




Fallbeispiel (4a fibermap)
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4. FEM-Berechnung durchflhren - Ergebnis

= Ergebnis: Die rote durchgezogene Kurve zeigt das Kraft-Weg-
Verhalten in der Simulation fur die gemappte Doppelkreuzrippe.
Deutlich ist die gute Ubereinstimmung zwischen Versuch
(gepunktete Kurve) und Simulation zu erkennen.

N IPEPES Mittelwertkurve Versuch
' Ergebnis Simulation

* *
750.00 vﬁ.‘/ -d ‘
ﬁ"/ +
et
RNy . Verschiebung in z-Richtung:
500.00 #* F
*, I

Force [N]

1.50
Displacement [mm]




Integrative Simulation
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Simulationsprozess B ENGINEERING
Prozesssimulation i Mapplng Struktursimulation

IFIBERMAP i

MOIdeng <L digimat Ié.iYNA@)

; MéLDING INNOVATION ; Msc Nastran i
L % MOLDFLOW EIGENE NX D AUTODESK
2 | ) i :
> AN i UNIVERSITARE i >

DSOLIDWORKS § S 2> SIMULIA

PLASTICS
o [

Ubertragung der
lokalen

i Virtual

i . Performance

: Solution
Anisotropien




Integrative Simulation
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Simulationsprozess

- Prozesssimulation . Mapping - Struktursimulation
Idealisierung " Mittelungsverfahren | Idealisierung

= 21 D Mittelflache - > Unterschiedliche = Shell

- = 21 D Oberflache - Idealisierung = Solid

= 3D Volumen » Anzahl der Stitzstellen | = Netzfeinheit, Integrationspunkte
' Strémung - Schnittstellen . Anwendung

s \iskositét > Unterschi?dlichste = Verzug

« VT - Softwarelosungen "= Bauteil (Steifigkeit, Festigkeit)
; . sowohl prozess- als L Crash (E Y

. Faser " auch strukturseitig o e (Energie, VEEESEL

. = Faserlange Transformationen - Materialmodell

= SOLVER, USERMATERIALS
. = Geschwindigkeit, Feuchte, Temp.

' = Faserdurchmesser

. . . | » Koordinatensysteme
. Faserorientierungsmodell

. » Ergebnisse

. = Closure Approximations OT2 >OT* |  (Vektor, Tensor) - Orientierung
= Faserinteraktion (RSC, Ci, ARD, ..) | .= Gilobal
- = Faserbruch i = Elementweise

Vielzahl an Vorgehensweisen & Einstelimoglichkeite

Validierung der gesamten Prozesskette erforderlich

Ibhvnna

.- 0901 _pr_afe gga 0 op.pp MDRE




Mapping

Faserorientierung in typischen Bereichen

@ \

/Profll uber der chh

Mittlere FO in Tensorform

0.87 O 0
a,=| 0 011 O

O O 0,02

/Mittlere FO in Tensorform S h
0,66 O 0 "
ag—{ 8 0,(?))2 O’(g)j g S
\_ _/
10 Flr Biegebelastung
0.9 ﬁ von Interesse
0.8
07 | e /\// \
2 e/ e N\ \
Fool I Y AV
% 0.4 —e— Messung a22 K\\ /m
EO.S —— Messung a33 //\/N Y,
0.2 \ / / \‘\ / \\ /
0.1 \ / N \ »L'
” 1 0.75 -0.5 -0.25 0 0.25 0.5 0.75

Schichtdicke

Ibhvnna

na O R E
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Verteilung Integrationspunkte - Informationstransfer

19 — — & 1
: ~, B + 3 @
,/) \.\‘\_\ s 4 k N ﬁ’ _________________________________ e
¢ " E~10000 MPa 7 St | W A
of 0.75 - 2 i — 075
© AT ©
- L o 3 5 al1t ViMm
g \".\ ,."‘ 1'\\ ,"; ——at E S 522 V1 M
§ oS 4 —a2— | 5 03 o at1 VIW]]
g JANA o= £ a2 VAW
5 / ) g
z f | =
g 025 f—— 2 025y ———————————
& "’—'\_ /} lk'\ //"_h"“' &
By " E~4000 MPa~ /
N —_\"—‘I—" : 4 : \‘—l‘—"/__ oy 0 T T T T T T T
0 025 05 0.75 1 1.25 15 175 2 n n 25 na n75 1 195 15 175 ?
Result injection process simulation Only 1 material point over wall thickness
o] )
% 11 < 1 = L
g = ~H g x U9 SoibEs -
© @ e 5
=075 & = 075 —
@ : -t - a1l V3AM ©
= G Tt < - 222 VIAM c " e -=-a11 VoM
i) - - a1 VAW 2 e
o S a2 VIAW b v -+ - 222 VBM
2 05 atveew [ | £ 05 B
2 <41 - a22 Y3BM é. all Vaw
E E -3 - all V3BW X,
g Sleveew || 8 - 322 VEW
50.25 —— & 025
: e g
ﬁ gji-:(‘_l-’-"': _";‘-:.::.'-f_‘]j L ----«-...___,," T
D T T T T T T T 1 D ¥ ! ! T T T T
0 0.25 05 0.75 1 1.25 15 1.75 2 0 0.25 0.5 0.75 1 125 15 1.75 2
3 material points over wall thickness 5 material points over wall thickness

6110901 _p e gga 0] op.pp MDRE
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Vergleich Biegesteifigkeit einer Platte
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Herstellerangabe UD-Bereich im Mittel Platten-Bereich im Platten FO Verteilung
isotrop orthotrop Mittel orthotrop orthotrop

i \ '
of 075 A
o )
&
= 1
€ ——an
5
£ 05 a22|
g 233
2
5 /
£
§ 025 ;
£ P ‘ —
\
N 8 Ren o
o
a 025 05 075 1 126 15 175 2
Dicke {mm]

3.3 mm

langs

v

an]"Se’( MSC/NASTRAN Case 1
Deforme¥i(3 854). Totol Translation
Contour Totel Translation

qmpl{e‘\ MSC/NASTRAN Case 1
Dsfom3¥(2.963) Totol Translation
Ellnlnu: Total Translation \/‘1

u

a &

123

quer

m]«ga MSCINASTRAN Case 1
Deforma¥i(5.345). Totol Translation
Contour Toal Translation

-Jum](.fe? MSCINASTRAN Case 1
Defom4(s 636): Totol Tronslaiion
Contour. Total Translation

:vmpLG C/NASTRAN Case 1
tion

Gesamtverschiebung [mm]




Mapping

Mittelung
|
' all=0.8
@_| o 02 o] 1 a=Y
" o o o | *7
|
|
MO aicos
ali=u.
fo?=|0 02 o] i “7°
o 0 0] ! T
|
l1=0.68 068 0 0 02 0 o] ! .
cll=EE @) _ @) _ 1 all=0.
(X.=0° fO - O 0732 0 — fO — O 0,8 O | a=90°
0 0 0 0 0 0 i
|
08 0 01 0.8
2) _ 1 all=u.
fo®=]0 02 0] 1" "0
0 0 0] -
|
080 U eos
- all=0.
fo?={0 02 o 1+ "
0 0 0 ! B’
— !
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all=0.8
a=18°




Integrative Simulation

Informationsfluss

SpritzgieBer

Anwendungs-
experte
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Werkzeugmacher

Simulationsexperte
(Prozess)

Konstrukteur

Simulationsexperte
(Struktur)

Material-
hersteller

R&D
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Diskussion




Vortragshinweise
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Session: MATERIALS (PARAMETER IDENTIFICATION)
= Dienstag um 09:40 in Raum 2

= 43 impetus Dynamische Materialcharakterisierung von Kunststoffen —
Entwicklung in den letzten 10 Jahren

Session: MATERIALS (SHORT FIBER-REINFORCED POLYMERS)

= Dienstagum 12:00 in Raum 2

=  *MAT_4a_micromec — Micro Mechanic Based Material Model
Session: CRASH (COMPOSITES)

= Dienstag um 15:50 in Raum 1

= Closed Simulation Process Chain for Short Fiber Reinforced Plastic
Components with LS-DYNA

Session: ARENA 2036
= Dienstagum 18:40 in Raum 1

= Closing the Simulation Process Chain using a Solver Independent Data
Exchange Platform: The Digital Prototype

Session: Mapping Tool ENVYO Workshop
=  Mittwoch um 11:00 in Raum 4
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Thank you for your attention!
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