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= Introduction 4a engineering & 4a impetus
= Short overview composites
= Short & long fiber reinforced thermoplastics

= Material behavior
= *MAT 24 - state of the art

= *MAT 157 - ,key enabler® micro mechanic
= *MAT 215 - micromechanical material model
= Endless fiber reinforced composites

= Summary
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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

[highspeed \ [parameterized \

measurement _# materialcard

—

/~ FE-Model
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Material characterization

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

material data for simulation
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4a impetus — new hardware features
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High-speed camera

= Visualization of dynamic behavior of the material during test
(crack initiation and propagation)

= Easy view, different angles possible
= Trigger signal from 4a impetus

-> synchronizing
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Software solution from the test to the material card W =NGINEERING

Testing Simulation

da impetus

Testplan Testresults Reports Workflow Materialcards

1 1

( l l Project related
Permission via file
system

xy-Data
D .
\_ atabases Images Filestorage / Share

Ui/
~

- 4a impetus - intelligent testing systems
_ powered by 4a engineering GmbH
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Short overview composites
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Overview composites ‘ICI
Polymer composites

= Unreinforced

. ENGINEERING

= Particle reinforced (I/d<1)

= Short fiber reinforced (I/d 20-40, d~10pum) |%\
= Long fiber reinforced (I/d 100-200, d~20um) Shertresp.long fiber
= Endless fiber reinforced (I/d >> 1000)

fiber mat

unidirectional .
fiber layers
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Overview composites

Material models in LS DYNA
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No. Elastic Plastic Damage Strain rate Failure
2 Ortho /Anisotropic None None None *MAT_ADD_EROSION
24 Isotropic Mises None Plasticity *MAT_ADD_EROSION —
o
103 Isotropic Hill None Plasticity *MAT_ADD_EROSION L
108 Orthotropic Hill None None *MAT_ADD_EROSION E
LL
157 Anisotropic Hill None Plasticity *MAT_ADD_EROSION o
215 *MAT_4a_micromecin development: Model based on MORI TANAKAMEANFIELD
22 Orthotropic None None None Orientation dependent
. Elastic Chang-Chang/ Tsai-Wu
Shiee Sieiee None Orthotropic e Orientation dependent 5
> o
: Elastic Strength, mod. Hashin < =
RS NS IE NS Orthotropic Stiffness Orientation dependent w8
I b
: Elastic : ) - . : o9
158 Orthotropic None Orthotropic Visco-elasticity Orientation dependent = %
(@)
(=
. Elastic failure Pinho (Puck) 'c% w
261 SR None Orthotropic None Orientation dependent ©)
. Elastic failure Camanho (Puck)
262 SCERIE None Orthotropic None Orientation dependent
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Short and long fiber reinforced thermoplastics
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No. Elastic Plastic Damage Strain rate Failure

2 Ortho /Anisotropic None None None *MAT_ADD_EROSION

24 Isotropic Mises None Plasticity *MAT_ADD_ EROSION —
103 Isotropic Hill None Plasticity *MAT_ADD_EROSION %
108 Orthotropic Hill None None *MAT_ADD_EROSION E
157 Anisotropic Hill None Plasticity *MAT_ADD_EROSION Z
215 *MAT_4a_micromecin development: Model based on MORI TANAKAMEANFIELD




Short and long fiber reinforced thermoplastics

Typical applications and materials

lPP LGF05
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PA6.6 235 D-tex
Gewebe

‘ Tg: 50°C ac: 100{15) kJ/m? '
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‘TG: 30°C ac: 67(11) kI/m? '
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pg@a]{ﬁ&e short glass fiber reinforced pc:h-,ﬂb:ftyula:ne terephthalate short glass fiber reinforced polypropylene short glass fiber reinforced polypropylene long glass fiber reinforced
a woay 4q T 20000 1 oo 4 5 15000 ey 4 7 15000 - anpese | 4
2 ou00 | ~OF30 i s o |2 s ~GF30 s —LGF30 P
B ! —GF45 PP 3 15000 / 3 10000 | ~GF45 = 3 10000 ~LGF45 Pl
‘E 10000 T ‘E 10000 | /420 3 1 3 /
é B : //_/ é // % e | -+ - % 5000 i T !
S o adl... S p [« I £ o 44 £ o 4a¢C
- Oeg  @eD EED LD SleD nﬁ 00 0.20 0.40 0.60 0.80 1.00 020 040 060 080 100 020 040 080 080 100
fiber orientation ay, [-] fiber orientation ay; [-] fiber orientation ay; [-] fiber orientation ay; [-]
P: 3.4€/kg p: 1.4 g/cm? P: 3€/kg p: 1.5g/cm? P: 2.3€/kg p: L.1g/cm? P: 2.5€/kg p: L.1g/cm?
E,: 9700 MPa a,: 64:10%1/K E,: 9500 MPa o,: 25:10°1/K E,: 6000 MPa o,: 38-10° 1/K E,: 6900 MPa o,: 40-106 1/K
c,: 140 MPa €' 4% c,: 92MPa €' 3% c,: 70MPa g5 4% o,: 76 MPa €5: 5%

' Tg: -10°C a.: 20(5) ki/m? '

' Tg: -10°C a.: 70(18) ki/m? '

[1] A. Koukal, Audi AG - Crash-
und Bruchverhalten von
Kunststoffen im
FuRgangerschutz von
Fahrzeugen, TU Minchen, 2014

[2] R. Luijkx, Audi AG -
Kunststoffmaterialien in der
Interieur Funktionsauslegung
bei Audi AG, 4a
Technologietag 2010



Short and long fiber reinforced thermoplastics
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Typical material behavior

125.00 T 125.00

longitudinal Raw material data PP GF50 Raw material data
d|agona| Jﬁﬂ provided by Celanese PP GF40 v provided by Celanese

perpendicuiar// ““TPP GE30 /
a- 1
’/’ . i //j:/ "’f \m
/ Wln. 0.00 %/
; Iy m 1 mi/s % \ '|l Imfs

Foree [N]
Foree [N]

0.00 5.00 10.00 15.00 20.00 0.00 5.00 10.00 15.00 20.00
Displacement [mm)] Displacement [mm)]
125.00 T 150.00 T
X B o _
Iongltudlnal Raw material data -30°C /gﬂr Raw material data
provided by Celanese o
1 m/s 1 e F23°C

N

Force [N]
Foree [N]

- N AQ A

ﬁ provided by Celanese
w600t mrs ® +80°C /
perpendicular// 8 ) pr=
LS /ﬂ /
T

%%\\ EIMPETUS
| [1m/s
: "3 Cel
) Celanese
Displacement (] 1900 oo ¢ Sisplacement ) 1o “#® | The chemistry inside innovation’

Seite: 14 /59
Autor: Peter Reithofer, Artur Fertschej, Michael Rollant

Datum: 170322
Titel: rep_17032201_pr_afer_mr_gga_ DYNAMORE+COMPOSITE+INFOTAG.ppt




Seite: 15/59
Autor: Peter Reithofer, Artur Fertschej, Michael Rollant

Datum: 170322

4IC]

EIMPETUS

ADVANCED

dynamic testing system
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intelligent software solution
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Short and long fiber reinforced thermoplastics
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*MAT_4a_micromecin development: Model based on MORI TANAKA
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No. Elastic Plastic Damage Strain rate Failure

2 Ortho /Anisotropic None None None *MAT_ADD_EROSION

24 Isotropic Mises State of the art (Quick&Dirty) —
103 Isotropic Hill None Plasticity *MAT_ADD_EROSION %
108 Orthotropic Hill None None *MAT_ADD_EROSION E

(LSDYNA R10)




Short and long fiber reinforced thermoplastics
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da impetus *MAT_024 — PP-GF40 diagonal, 23°C
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Source: Dynamic Material Characterization Using 4a impetus — PPS Conference 2015, Graz
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Short and long fiber reinforced thermoplastics
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da impetus *MAT_024 — PP-GF40 diagonal, 23°C

v 7
o™
_ Y3 = o
z i =
3 7 -
= : d ]
= - "J; /
...- averaged test curves
— result off simulation
displacement [mm] strain [-]
v | s ,
[m/s]|[mm] \Y ’
0.001 50 ,
1 | 50 ‘ I
2.5 | 40 . X )
43| 30 | S - N Z1C]

BEIMPETUS

Source: M.Fritz - Ermittlung von Werkstoffparametern fur die Fahrzeug-Crashsimulation aus Biegeversuchen, Diploma thesis, Montanuniversitat Leoben
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Short and long fiber reinforced thermoplastics ZICI
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Actual approaches

[1] M. Gramling, Audi AG -
Integrative Simulation von
kurzfaserverstarkten Thermo-
plasten am Beispiel einer Tank-
klappe, 4a Technologietag 2012

strain rate PP GF40 B
longitudinal .
N AN diagonal ez
. perpendicular f

stress
=

\
‘ !
Raw material data
provided by Celanese

strain Autodesk

[1]
= quick&dirty isotropic material card ® micro mechanic modelling
(CAMPUS / average / worst case) (mean field homogenization / RVE)
—> critical loading transversal —> high costs (CPU time)
to fiber orientation - no standard (understanding)
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Short and long fiber reinforced thermoplastics

*MAT_4a_micromecin development: Model based on MORI TANAKA
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(LSDYNA R10

No. Elastic Plastic Damage Strain rate Failure

2 Ortho /Anisotropic None None None *MAT_ADD_EROSION

24 Isotropic Mises None Plasticity *MAT_ADD_ EROSION —
103 Isotropic Hill None Plasticity *MAT_ADD_EROSION %
108 Orthotropic Hill None None *MAT_ADD_EROSION E

)




Short and long fiber reinforced thermoplastics ZICI

Fiber orientation
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average orlentated

Back door [-1]

[1] P. Reithofer - Integrative Simulation —
Beriicksichtigung der prozessbedingten Anisotropie, 4a
Technologietag 2011
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Short and long fiber reinforced thermoplastics
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Simulation process chain
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_________________________________________
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Livermore Software
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Short and long fiber reinforced thermoplastics
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[2014SimuliaManual]

LS-Dyna material model *MAT 157

= Hill plasticity - ,extended” von Mises

n 2

(") 1 1 11 1 3, 7 3
"!;1 ‘ [ i - v T f-l — _] — .
4 p
(a™)? 1 1 1 1, 1 1 1 3 3
G = — 4 — — = — 4 — : ‘II——{—}=._.,.
2 ( 13 i J%EJ 2R3, R 1'13%2} 2 2174
()2 1 1 ] 1 1 1. -3 "'_ 3
H = ) == - = o= -) =
? G te, ) i m TR, m) T 2 2R3,
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Short and long fiber reinforced thermoplastics ‘ICI
LS-Dyna material model *MAT 157

= Material model based on composites properties

. ENGINEERING

description variables Nur_nber o dependencies
variables

anisotropic . Aa. M ~F

stiffness Clj 21 CIJ (aIJ’(D'C ,C )
, - 3D: F, G, H, L, M, N B M _F

Hill plasticity >D: 100, 145, 190 6 f(aj 0" ,07)

stress-strain f(a..

curve Loadcurve 3 ( w(ﬁ)

failure Loadcurve 6 f (aij, ¢)

= Not possible to generate samples with
explicit defined and‘varying i \

= Hard to characterize, too many possibilities in a;
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,key enabler” - micromechanics
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No. Elastic Plastic Damage Strain rate Failure

2 Ortho /Anisotropic None None None *MAT_ADD_EROSION

24 Isotropic Mises None Plasticity *MAT_ADD_ EROSION —
103 Isotropic Hill None Plasticity *MAT_ADD_EROSION %
108 Orthotropic Hill None None *MAT_ADD_EROSION E
157 Anisotropic Hill Composite (LSDYNA R9) 2
215 *MAT_4a_micromecin development: Model based on MORI TANAKAMEANFIELD

V4[@ PaN

EIMPETUS
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Micromechanical approach

Mean field homogenization

ZICIE

IMICF!DMEC

Standalone product

n

Input

since 1999

Material Data of
Components (E,o,\)

o = (DEF + (1—(p)g

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

Fillers

Data-Base

'I\?,I: itr::‘)ércements <M icroM ec vzol)

~
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Output

3D Composite Data )

&ibre and Particle Orientation —D

elastic properties
thermal expansion
thermal conductivity

2D&3D graphics

< Fibre and Particle Shape

Virtual Material Design

Interphase to
MSC.Nastran 4 Windows

| Data-BaseI

[ Data-Base|

DIGIMAT_UD
2422014

Digimat-MF, orthotropic closure

[1] Ch. Bodor - Kopplung pCT und FEM Berechnung, 4a

Technologietag 2014
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[1]

Comparison by University of Leoben
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Micromechanical approach
Mean field homogenization e B

ZICIE

IPWICHQCJNHEC: |

*MAT 157

calculate parameter for
constitutive law

41C1.

S IIMPETUS

Library

Flf}l 15:223_CCE| | Materizl | Designvariablen | Layers |
= Strain rate dependency Table = jComposite Density 1126 [g/dm=]
; c_Cl1 6172 [MFa)
Strain rate dependency Johnson Cook c ciz 1808 [MPa]
= Micromec User defined c C13 1231 [MFa)
o Matrix c_C14 0 [MPa]
. . - c _Cl15 0 [MPa]
Density of the matrix 900 c C16 o [MPBa]
C F M E-Modulus 1500 c_Cz2z2 4135 [MPa])
J ¢G + 1 ¢ Poisson's ratio 0.3 . c_C23 1181l [MPa]
— c C24 0 [MPa]
Yield strength 15 I I l atrlx c C25 0 [MEal
C...composite, F...fiber, M...matrix Stengh & Srest v cas & o)
y Taes y - - c_C33 2816 [MPa)
Failure strain 0.05 B c_c34 o [MPa]
= Fiber __§ec_c35 0 [MPa]
Fillerlength 1000 7 c_C36 0 [MPa]
n . c C44 1554 [MHPa]
Fillerdiameter 20 o Cas 0 [MPa]
Phi or Psi © - o _C48 0 [MPa]
Phi 12.0 = I er o C55 888.6 [MPal]
: c_CS56 0 [MPa]
Psi 30.1 c_C&6 957.5 [MPa]
Fillermaterial E-Glas v_rD0 11011
-
" : v_r45 0.5105 [1]
= Crientation =|{w_xr30 0.2665 [1]
3 Fillerorientationtype CA lin. OF . o scalematrixd 3.076 [1]
Fillerorientationvalue 1 0.6 O rl e n cl r
Fillerorientationvalue 2 0.33
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Micromechanical approach

Z1C]

. ENGINEERING

da impetus — example *MAT _157

(o215 160223_006] [ Material | Designvariablen | Layers |ﬁ|ﬁ| 1 5:223_::5| | Material Designvariablen Layers |

Mame Start const.. Descripticn

A GroupMame: 10_elasticity Mame Start const., Descripticn
c_C11 MMEC

c Cl2 MMEC

constitutive matrix 11 v GroupMame: 10_elasticity
chituti triv 12 =
CONSHEENVE matn # GroupMame: 20_yield

c Cl3 MMEC constitutive matrix 13

c_C56 MMEC constitutive matrix 56

W

W

W
cCl4  MMEC V| constitutive matrix 14 y0 90 B viedstres
€ Cl5 MMEC |  constitutive matrix 15 y_scale.. MMEC W yield scale 11 directicn
c_Cle MMEC W constitutive matrix 16 }’_I':':' MMEC ] }"IE"d hill EﬂiSCtI'CF}" ratio 0°
c 22 MMEC W constitutive matrix 23 ) . ) .

. i y_rds MMEC o' yield hill anisctropy ratic 457
c 23 MMEC W constitutive matrix 23 -
c C24 MMEC | | constitutive matrix 24 y_rag MMEC W yield hill anisctropy ratic 90°
c_C25 MMEC W constitutive matrix 25 . GFDUPNEI‘TIE: 71 hardening
c_C26 MMEC W constitutive matrix 26
h_ET 50 B
c_C33 MMEC W constitutive matrix 33
€34 MMEC @] | constitutive matrix 34 h_y o0 o
c_C35 MMEC W constitutive matrix 35 Y GFDLIF-NEI‘TIE: :-‘,1_5trainrate
C36 MMEC stituti triv 36 e .

- Bl |constitutive matrix v_epspkt  0.01 W initial strain rate thresheold
c_C44 MMEC W constitutive matrix 44
c.C45  MMEC | constitutive matrix 45 VP - . strain rate scale (1/vp)
c_C46 MMEC W'|  constitutive matrix 46 + GroupMame: 51_failure
L35 MMEC M| |constitutive matrix 33 «f MUM... 0.75 /| Mumber of failed integration points prior to

W

W

c_CB6 MMEC constitutive matrix 66

MMEC - design variable calculated

e.g.: 30 design variables for by micro mechanic model
*MAT_157 Less free design variables left for

material parameter identification
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Micromechanical approach

Z1C]

da impetus — example *MAT _157

. ENGINEERING
GmbH

Bending 2m/s
longitudinal
diagonal

transversal

10000

Displacement [mim]

[P. Reithofer et al - Material
characterization of composites using micro
mechanic models as key enabler, CAE
Grand Challenge 2016, Hanau]
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Micromechanical approach

Mean field homogenization

AC P

EMICROMEC

usermaterial

—C
O

= gpg'F + (1— gp)g'M

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

assumption elliptical inclusion
(Eshelby Tensor)

v
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Main Framework
Mori Tanaka Mean Field Theory

Composite stresses, strains (i)

\Z

Z1C]

. ENGINEERING

plug able
possible extensions
other plasticity
formulations, ....

J

Matrix stresses, strains

t - Yield condition }

- J2 Plasticity

\Z

Fiber stresses, strains

\Z

Failure, Damage Criteria

\Z

\Composite stresses, strains (i+y

Isotropic Harding

Table Lookup or
Parameter Setup

As€ = AgV ,(AgF)
1

0B +(1L-9)I

AeM = E|,,Ae" o, Ac™

B = f(fo®, ], /)

A=SFBiaC"

Ac® = [(DZ+(1—(D)|]AO‘M

Ae™ = A€
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Micromechanical approach

Z1C]

. ENGINEERING

Mean field homogenization
SFRT /LFRT Composﬂe

IMICF!DMEC

*MAT 4A MICROMEC

ALSTC

= isotropic elastic

LS-DYNA® viscoplastic (like fiber: \/\/\/\/L

MAT_024) = transversal

fiber: AYAYAYA isotropic elastic

= isotropic elastic
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*MAT 215/ *MAT _4A MICROMEC

Z1C]

. ENGINEERING

No. Elastic Plastic Damage Strain rate Failure

2 Ortho /Anisotropic None None None *MAT_ADD_EROSION

24 Isotropic Mises None Plasticity *MAT_ADD_ EROSION —

103 Isotropic Hill None Plasticity *MAT_ADD_EROSION %

108 Orthotropic Hill None None *MAT_ADD_EROSION E

157 Anisotropic Hill None Plasticity *MAT_ADD_EROSION Z
I‘ 215 *MAT_4a_micromecin development: Model based on MORI TANAKA (LSDYNA R10) I
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*MAT 215 -*MAT_4A MICROMEC
Keyword format 4 CI

. ENGINEERING

CARD 1l: General Options / Parameter

CARD 2-3: Element orientation* 5
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 -0.3 200.0 10.0 0.7 0.25
PP LGF50 -0.5 1000.0 20.0 0.65 0.30
PA6 GF45 -0.45 250.0 10.0 0.8 0.15
Carbon UD 0.6 10000.0 10.0 1.0 0.0

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

*may be overwritten by rDY N.A

*INITIAL STRESS SHELL/SOLID exemplary values without any warranty MORE
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*MAT 215 - *MAT 4A MICROMEC

Keyword format

CARD 5: fiber material
Standard values from literature

Card 5 1 2 3 4 5 6 7 8
FIBER ROF EL ET GLT PRTL PRTT
UNITS kg/mms3 GPa GPa GPa -
glass 2.59E-6 70.0 70.0 28.8 0.217 0.217
T400 1.76E-6 218.8 28.0 50.0 0.02943 0.390

T400 (transversal isotropic)

E_GLAS Young's
[;‘:ﬁ] 2532009 “?a%‘:] 25.3.2009
All values 5 250000
73000 MPa 226800
203600 L)
180400
- g
34000 -
0e00 7
3000 4 Z
e e
00
e \
: X 4 L
ds 2 45° s
axi
4Cl.. 4Ql..
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. ENGINEERING

Ovnna
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*MAT 215 - *MAT 4A MICROMEC 103

. ENGINEERING

Keyword format
CARD 7-8: matrix material

from material characterization (e.g. 4a impetus MPIP)

Card 7 1 2 3 4 5 6 7 8
Matrix ROM E PR elaS'“Clty
Units | kg/mm?3 GPa -
PP | 0.9E-6 1.5 0.4
PAG6 dry 1.2E-6 3.2 0.35
PA6 cond. 1.2E-6 2.0 0.35
Card 8 1 2 3 4 5 6 7 8
Matrix [ SIGYT ETAN EPSO C visco
Units GPa GPa - 1/ms - P | asticity
PP 0.015 0.5 1.E-6 10
Bilinear
PA6dry | 0.06 1.0 1.E-6 15 + JohiEie
PA6 cond. | 0.04 0.8 1.E-6 10 Cook
exemplary values without any warranty MORE
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*MAT 215 - *MAT 4A MICROMEC

Z1C]

. ENGINEERING

Keyword format
CARD 9: matrix material tables

Card 9 1 2 3 4 5 6 7 8
Variable LCDI UPF |LCIDT Effective stress (Table)
Type F F F LCDI Damage initiation (Table)
Default 0 0 0.0 UPF Damage evolution parameter
Hardening Damage Initiation Damage Evolution

va Sﬂ-/ upf |
i >8p | )n | >']1
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*MAT 215 -*MAT _4A MICROMEC
Material characterization 4 CI

. ENGINEERING

)

component
validation

tension
dominated

bending bending tension puncture validation

Q Qe e Q
Q § o § o § o &
IS S © S © S © <
3 5 B T B B B B comment

_ Upcoming ISO
Materialcard for each Plate 120 x 80 X 2 mm

*MAT_157
*MAT_215

& & dynamic

*MAT_024 M

w5 - R

injected samples
Gym i

| >& | >N
Source: LS DYNA Forum 2016 - *MAT_4A MICROMEC — micro mechanic based material model
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*MAT 215 -*MAT _4A MICROMEC
Material characterization 4 CI

4 )

component
validation

bending

puncture test
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*MAT 215 -*MAT _4A MICROMEC
Material characterization

. ENGINEERING
GmbH

)
LAENGS_Zmps rast . . . Component
e Bending 2m/s validation
i e s longitudinal N
s0000 diagonal /ﬁgf

transversal

_ | L
%znn.nn ( va \
: t

Ol (0/45/90°) Ry

---» averaged test|curves :
. . S
— result of simulation souar 215
*MAT 4A MICROMEC
o 2eo =00 501 mid mmopt bupd - — failm failf NUMINT
. 1000000 1.0 0.01 1. 0. -65.
Displacement [mm] 502 aopt mact Xp Y zp al az a3
0 0 0.0 0.0 0.0 1.0 0.0 0.0
$03 vl v2 v3 dl dz2 d3 beta -
0.0 0.0 0.0 0.0 0.0 1.0 0.
504 fvf —= f1l fd —= all az22 -
.115 53. 1.0 7 .25
$05 rof el et glt prtl prtt - -
2.5899e-09 70000. 70000. 28759. 0.217 0.217
506 xt —= - = —= - SLIMXT NCYRED
2800. 0.01 10
s07 rom e pr —— —— - —— -
9.1e-10 1500. 0.3
508 sigyt etant - - eps0 c
509 LCST —= - = LCDI UPF
1000000 1000020 -1000026
s

Source: LS DYNA Forum 2016 - *MAT_4A MICROMEC — micro mechanic based material model
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*MAT 215 - *MAT _4A MICROMEC 103

Material characterization

1000.00

750.00

£00.00

Force [N]

2E50.00

0.00

Displacement [mm)]
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*MAT 215 - *MAT_4A_MICROMEC

CPU time per integration point (SMP 1 CPU)

First implementation

. ENGINEERING
GmbH

45 + W Shell TYP16 9 IP 2mm 4.2

40 1" msolid TYP16 2 LAYER 2 mm
3.5

) Solid TYP16 5 LAYER 1 mm
3.0

25 22195

20

15 1~ TYP16

2 LAYER
1.0 -

05 +

0.0 .
*MAT_024  *MAT_SAMP-1  *MAT_157 *MAT_215

TET10

= *MAT 215 - possible improvements 5 LAYER
= timestep calculation (conservative implementation)
= compiler options — optimizations for cluster IbhvnnaAa

NMORE
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Endless fibers -
fabric

Z1C]

. ENGINEERING

22 Orthotropic None None None Orientation dependent

S SnEg e RIS O r'I[EhI 2?:](§:pi C ST Cc)rr]iirr]l?aigohnag g:)-;g;x\t/u E

= S IE ALk Or'IrEhI ifrn;:pic 23;: grs’ g?igﬁlt_la%zrr]lig ependent %‘ %
(2]

158 Orthotropic None Or'ilgiru;pic Visco-elasticity Orientation dependent é; g
o

262 | Orthotropic None | ornoopic | None rientationdepondent
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Composites

Z1C]

- ENGINEERING
GmbH

Adaption of material cards - influences of orientation

The influence of the manufacturing process on the material behavior

(fiber orientation) is included in the process chain.

—_— e e = -

é FE-Model of the test

Element orientation e.g.
*ELEMENT_SHELL BETA
*PART_COMPOSITE

Composite
Layup

4a impetus

<
1
1
1
1
1 o
N\ ! ,
1
/ \ 1
Parameterized Materialcard <: ©by 4a engineering GmbH - intelligent testing systems
. \_
I A
1
1
1
1
1
1
1
1
1
1
1

basedon4amicromec‘?
Material angle <TTT). ae

[ LSPREPOST®© ]

DATABASE
measurement, models

ORIENTATION
e.g. 0°, 45°, 90°
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Composites ‘ICI

Typical test setup o o

specmen |0 |45 | o0
i — UD static
: &
static, § >
! MD cyclic & i
‘ ‘ I — UD static, dynamic
MD static, dynamic
MD Puncture

4a impetus - intelligent testing systems
powered by 4a engineering GmbH
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Composites — Material characterization
Typical results for carbon fiber reinforced material

CFK MD 0°
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Composites

Z1C]

. ENGINEERING
GmbH

Verification of measurements - Compression

1.20 -
b/ S

T 1.00 :
= b
g *
g 0.80 . u -
0 . s
[ [ ]
o
' 0.60 " 5 "
c |
g .
S 0407  =GrantaCES-UD
Q ¢ Granta CES - Gewebe
g. 0.20 1 = Biegung - UD
9 + Biegung - Gewebe .'4 !g;i -

0.00 | | .

0 0.1 0.2 0.3 0.4 0.5 0.6 0.

composite / fiber strength [-]

P. Reithofer (4a engineering GmbH) & B. Fellner (MAGNA
STEYR Engineering Austria) - Materialcharakterisierung von
Composites; 4a Technologietag 2015
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Composites

4a micromec: Current 4a impetus 3.4 version

E Material behaviour

Measurement curves

El Material source
Elasticity
Plasticity
Failure/Damage
S Msorislcard |
Deformation
Damage/Failure
Materialcard id
Density
Plasticity
Function (Hardening. Elastic curve form)
Strain rate dependency
Micromec

Fracture
O Hr $iar

Implemented
Motisotropic elastic
Mot selected

MNot selected

Viewer a(t)} v(t)} s[t)} F(t)} F(s)]f =

. ENGINEERING
GmbH

*MAT_ANISOTROPIC_ELASTIC_PLASTIC ("MAT_157)

*MAT_COMPOSITE_DAMAGE ("MAT_022)

*MAT_ENHANCED_COMPOSITE_DAMAGE (*MAT_054)
*MAT_LAMINATED_COMPOSITE_FABRIC (*MAT_058)

Implemented A
*MAT_COMPOSITE_DAMAGE ("MAT_022)

*MAT_RATE_SENSITIVE_COMPOSITE_FABRIC (*MAT_158) 7500_MAT22
*MAT_LAMINATED_FRACTURE_DAIMLER_PINHO (*MAT_261) Chang Chang
*MAT_LAMINATED_FRACTURE_DAIMLER_CAMANHO (*MAT _262) 1000000

*MAT_ANISOTROPIC_ELASTIC_PLASTIC ("MAT_157) 1480

Material

micromec implementation

*MAT 022
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*MAT_MICROMEC ("MAT_215) Nane
*MAT_MICROMEC ("MAT_215+Carbon
N _1'_ Mone
B Micromec
B Matrix
Density of the matrix 1093 —
E-Modulus 3000
Poisson's ratio 03
Yield strength 50
Strength at Break 70
Failure strain 0.05 —
B Fiber
Fillerlength 20000 —
Fillerdiameter 20
Phi or Psi P
Phi 58
Psi n7
Fillermaterial T300
= Orientation
Fillerorientationtype uD
Bl Strength e
Fibsr svengh
XT 2300
XC 2000
Fracture Composite =
Postfracture MNone

Endless fiber reinforced plastics

Matrix properties

Filler properties

Orientation
Strength
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Composites

. ENGINEERING

4a micromec: Current 4a impetus 3.4 version

|dealization — *Part Composite

_/@/Testdatabase)/Measuremm)/Hepnrt)/Measuremntcur\.res J Viewer ) a[t)} v[t)} s[t}l} F[ﬂ} F[S)} E[t)} sig[eps]l} epspnt(ep

(1] 160829_008 Material | Designvarisblen |  Layers |

Test database/]/Mﬂasuremem/VF{Bport/ Measurement {:IJI".'E:S/V’\J"-IB'\'«‘BF

160829 _003

(V]

Model settings | Material | Designvariablen | Layers |

Matenial
B ldealization

Thickness

System of units > 1000000 05 0

Solver 1000000 05 50

Inputdeck 1000000 1 0

Symmetry of model | 1000000 1 0

|d i o — — — — — — — '
ealization type *PART COMPOSITE LONG

Element size Speciaen —

E";'ijc'::]"c':)“;ﬁi‘::t“gs S S P S T S P S FN S - SU N S S SR, SN SRS,
S — $ PID ELFORM SHRF NLOC MAREA HGID ADPOPT THSHEL
Young's Madulus of support/fin 5 MIDi THICI:S > 8333? TMIDS PLY?[')S :

Density of support/fin 1000000  0.09285 0
T i .
NIL:nr:bzcrE::lfneEiement layers 1000000 0.09285 90
_ _ 1000000 0.1857 0
Write pary/section 1000000 0.1857 0
Scale the thickness to the measured specimen thickness °
1000000 0.1857 0
Element
U:::Zr;ﬁt:zj arameter 1000000 0.1857 0
Shelll‘hicknesiu date 1000000 0.1857 0
1000000 0.1857 0
-
1000000 0.1857 0
1000000 0.1857 0
1000000  0.09285 90
1000000  0.09285 0
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Composites

4a micromec: Current 4a impetus 3.4 version

. ENGINEERING
GmbH

Typical Design Variables for *MAT 022

(/1] 160826_004 Material | Designvariablen |  Layers |
Marne Start  const. | from to Variance Condi.., Description
A GroupMame: 10_elasticity
c_E11 MMEC 100000 180000 [(MULL) young medulus tensile in 1 direction
c_E22 MMEC W (MULLY (MULL) [MULL) young medulus tensile in 2 direction
c_E33 MMEC W (MULLY ((MULLY [(NULL) young modulus tensile in 2 direction
c_nue2l  MMEC o | (MULL) [MULL) [MNULL) poisson ration in 21 plane
c_nuedl  MMEC W (MULLY ((MULLY [(NULL) poisscn raticn in 21 plane
c_nue3d?  MMEC W (MULLY (MULL) [MULL) poissch ration in 32 plane
c_G12 MMEC W (MULLY ((MULLY [(NULL) shear modulus in 12 plane
c_G23 MMEC W (MULLY ((MULLY [(NULL) chear medulus in 23 plane
c_331 MMEC W (MULLY ((MULLY [(NULL) shear medulus in 31 plane
A GroupMame: 51 _failure
fc R11T  MMEC o' (MULL) (MULL) (MNULL)
fc R11C  MMEC W' (MULL) (MULLY (NULL)
3 fc_R22T |MMEC o [MULL) (MULL) ([MULL)
fc_RZ22C  MMEC o' | (MULL) (MULL) (MNULL)
fc_R12 MMEC W' (MULL) (MULL) (MNULL)
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Composites

Z1C]

. ENGINEERING

Verification of measurements - Compression
Orientation Multilayer Setup

125000
g 1000.00
z
250.00 % s -“
g d
#]
0.00 H
0.00 5.00 10.00 15.00 20.00 500.00
‘Weg [mm]
L.
Dynamic 4a impetus
e / .03 / ‘
Q00 500 1000 15.00 2000 2500 3000
/ Weg [mm]
- .... test
= ; — simulation
m‘-““’m
Y j —
G, P. Reithofer (4a engineering GmbH) & B. Fellner (MAGNA
s s == STEYR Engineering Austria) - Materialcharakterisierung von
e

Composites; 4a Technologietag 2015
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Composites — method development

. ENGINEERING

Vehicle safet

= Mehrstufiger Ansatz

Gesamt-
fahrzeug

A MAGNA

P. Reithofer (4a engineering GmbH) & B. Fellner (MAGNA STEYR Engineering Austria) - Materialcharakterisierung von Composites; 4a Technologietag 2015
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Composites — Validation

Composite Life Cell W ENGINEERING

Fahrzeugteilbereich — Crash

m View 4: Video (1) ; E”i‘ A View 3:Model(d) rg * Acceleration-Velocity-Displacement

0 6 400

5 350

4 300
5 3 _ 250
E =
= = E
£ 2 2 2002
o (%} @
£ S| B
- : g| 2
& < 1 1508

u’muwnwlr
14 0 100
1 fs0
1407 2 ‘o
0 001 002 003 004 005 006 007 008 009 0.1 011 012
Time [s]
— Simulation Beschleunigung
i | e Test 3 Geschwindigkeit

Fahrzeug
Teilbereich
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Composites — Validation

Composite Life Cell W =NGINEERING
Fahrzeugteilbereich — Crash

View 4: Video (1) | i View 3: Model (1) E\E Acceleration-Velocity-Displacement

[ 0 6 400

5 350

4 300
5 3 _ 250
E =
o = ]
-% 2 2 2002
[¥] @
k) S| g
T & ]
< 1 fiseP

umnwuu,
B 0 100
1 {50
10 001 002 003 004 005 006 007 008 009 0.1 our o1z "
Time [s]
— Simulation Beschleunigung
-------- Test 3 Geschwindigkeit
Weg

Fahrzeug
Teilbereich
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Z1C]

. ENGINEERING

Composites — Simulation expertise

Composite Life Cell
Detail Analyse

i
| — -
Schwellerprofil - Schnitt i lm“ \‘ s '

‘ . Schwell fil def i

——J‘ ‘ — Layered thin shell element TV
reicht nicht aus.

Real fiber structure Stacked Shell Modell

Fiktives Beispiel: © A\\ MAGNA

FE-model
' Fahrzeug .
Tebaeer

‘ lokal wieder notwendig

N\

P. Reithofer (4a engineering GmbH) & B. Fellner (MAGNA STEYR Engineering Austria) - Materialcharakterisierung von Composites; 4a Technologietag 2015
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Numerical support — key enabler

Effort Testing Virtual methods
oSt different directions Homogenization

0°, 45°, 90°

detailed — standard
tensile, compression
strain measurement
(strain gauge or Unit cells

optical) FEM- Model
2 Ey, EL, O

—V —M —F
. N\ o =0-9c +po
Engineering —r o
approach o =B°c
Bending

En B, F(w)
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Numerical support — key enabler

gyocleiien Testing Virtual methods
different directions Homogenization

/ﬁ\

prediction quality increases
team player

i) )

100% (real)
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Workflow - process automation

Pendelarmlange 500 mm
mogliche Prifgeschwindigkeiten | 0,5-4,4 m/s Automated_Optimization
maximal zulassige Zusatzmassen | 4000 g
A - = - B 1D MName OptimizationValidation Status VP Autovalue
maXImaI ZUIaSS|ge PrUfenergle SOJ 141204_003 | Celstran - E-Modul Walidation ﬂ L J -
141204_005 |Celstran - plast Optimization r
Highspeed Video _-:-
141204_007 |Celstran - validation Walidation -
Composites
Puncture test
CO m p O n ent testi n g "; z::z;‘:::l:::;: Calc auto values | Clear |
oV Autovalue 141204 003 141204 _006 141204007
OIS saso 22
s_ET 12.21% 1000 1000 1000
K s_h 69.887 AUTO PRUM{c) PRUM{c)
s_y 69.887 AUTO PRUN{c)h PRUN{c)
v_epspkt | 0001 AUTO(C) AUTO(C) PRUN{c)
v_p 11.855 AUTO(C) AUTO PRUN

:

i |-

o
£

Plastic failwe strain

Failure
Anisotropy
Validation

133333 19444 1555% 166667 177778 188808 20 211111 222222
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Thank you for your attention!

140 £1C]

ETECHNOLOGIETAG

23.- 24. March 2017
in Schladming, Austria

,Light weight applications & Composites”
More information: http://technologietag.4a.co.at/
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