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

[OimpPETUS 4 vALIMAT fdmicromEc EIFIBERMAP
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Fiber reinforced Plastics (SFRT & LFRT)

Composites (Carbon)

efficient from test to validated 3D anisotropic individual mapping
dynamic testing material cards material cards process information
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Workflow for Material Card Generation - AUTOFIT

Automated optimization

Menu 4

Optimization

Stop

Open LS-Opt Viewer

DV Start

Postprocess

va

Optimization

Name

Status

00_00_AutoValues

00_01_Validation_3PB_AUTO

01_00_Optimization_YoungsModulus

/|

| 01_01_Optimization_flow_data

m
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—
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01_02_Optimization_strainrate

m.

02_00_Validation_3PB

03_00_Opt_3PBC

Hardening

>8p |

Triaxiality
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intelligent reliable solutions for plastics, composites, metals, foams, ...
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Material models — micro mechanical motivated

PimicrROMEC

| Standalone product | . Ye\
” - Digimat-MF, orthotropic closure

Ll

32010

- MicroMec, orthotropic closure (., <§\

C...composite, F...fiber, M...matrix
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Material models — micro mechanical motivated

PimicrROMEC
calculate parameter for constitutive law - *MAT 157

Library 9 VALIMAT@ |ﬁ|’!}| 15:223_::E| Material | Designvariablen | VA L I M AT
B Strain rate dependency Table « | Composice Densitcy 1126 [g/dm®]
. 3 N c_CI11 6l72 [MPa)
Strain rate dependency .Johns_on_ﬂooic c c12 1808 [MPa]
B Micromec _lL.Iser defined c C13 1231 [MPa]
= Matrix \ c Cl4 0 [MFPa]
: . e c_C15 0 [MPa]
Density of the ma}rl)& o\ ¢ 900 c_C16 0 [MPa]
E-Modulus 1500 c_C22 4135 [MPa]
Poisson's ratio 03 o C23 1181 [MPa]
N N c C24 0 [MPa]
_Yiald strength 15 c_C25 0 [MPa]
Strength at Break 17 c_C2& 0 [MPa]
> o N c C33 2616 [MPa]
f‘ \ Failure strain 0.05 c c34 0 [MPa)
Bl Fiber e _c35 0 [MPa]
Fillerlength 1000 c_C38 0 [MPa]
e c_C44 1554 [MFa]
Fillerdiameter 20 c_c45 0 [MPa]
Fhi or FPsi @ c_C4e 0 [MPa]
Phi 129 c_C55 BBE.6 [MPa]
- c_C56 0 [MPa]
Psi 301 c C66 957.5 [MPa]
Fillermaterial E-Glas y_r00 1 [1]
) ) v r45 0.5105 [1]
. . . Crientation -
C...composite, F...fiber, M...matrix . . = vz 0.2665 [1]
es ’ e 1 e = Fillercrientationtype CAlin. OF j “[f{v_scalematri=zo 3.076 [1]
Fillerorientationvalue 1 0.6
Fillerorientationvalue 2 033
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Material models — micro mechanical motivated

PimicrROMEC

Main Framework plug able_
Mori Tanaka Mean Field Theory possible extensions
other plasticity
M E , , _ formulations, ....
AeC = Ag ,(Ag ) Composite stresses,/ strains (i)
usermaterial A M 1 AC NV J
> & =—— & : .
@Bi _|_(1_¢)| Matrix stresses, strains ‘ 9 Yield condition ’ 9 J2 PI aStICIty
AeM — EI\TA ’AgM p|,AGM . . Isotropic Harding
Fiber stresses, strains
R — @ g7 | ) Table Lookup or
Bis f(fo = A | N2 o Parameter Setup
z\ SFE CM Failure, Damage Criteria
= i+1 \l/

Ac® = [qpﬂ—k (l—go)l ]AO'M \\Composite stresses, strains (i+1)/

C...composite, F...fiber, M...matrix
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Material models — micro mechanical motivated

PimicrROMEC

*MAT 4A MICROMEC

> LS-DYNA R10

C...composite, F...fiber, M...matrix
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Verifications
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— SHELL - *MAT_COMPOSITE_DAMAGE (*MAT_022)
ese SHELL - *MAT_4A_MICROMEC (*MAT_215)
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GLASS
300
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250°
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200}
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PP CFK 60vol%
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y
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material models in LS DYNA — overview composites

No. Elastic Plastic Damage Strain rate Failure
2 Ortho /Anisotropic None None None *MAT_ADD_EROSION
24 Isotropic Mises None Plasticity *MAT_ADD_EROSION —
0
103 Isotropic Hill None Plasticity *MAT_ADD_EROSION LL
108 Orthotropic Hill None None *MATLADD_EROSION =
LL
157 Anisotropic Hill None Plasticity *MAT_ADD_EROSION o
215 *MAT _4a_micromec in development: Model based on MORI TANAKAMEANFIELD
22 Orthotropic None None None Orientation dependent
. Elastic Chang-Chang/ Tsai-Wu
S ORneICIE None Qrthaotropic ST Orientation dependent 5
> o
: Elastic Strength, mod. Hashin ¢ =
R OREIEIE Norry Orthotropic Stiffness Orientation dependent w3
2]
c 3
q T N
158 Orthotropic None Sl . Visco-elasticity Orientation dependent o e
Orthotropic c =
= c
. Elastic failure Pinho (Puck) =0
261 Q@i None Orthotropic None Orientation dependent O
: Elastic failure Camanho (Puck)
2o SANGHEEIE MO Orthotropic Al Orientation dependent
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Intelligent reliable solutions for plastics, composites, metals, foams, ...

[OimpPETUS 4 vALIMAT fdmicromEc EIFIBERMAP
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| Fiber reinforced Plastics (SFRT & LFRT)

efficient from test to validated 3D anisotropic individual mapping
dynamic testing material cards material cards process information
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Motivation — current simulation standard

*MAT 024

'4 PP GF40 strainrate
!

macro scale

constitutive law

Mises plasticity
= quick & dirty | I

ANV —

\#/m

Raw material data
provided by Celanese

N

I
il
7/
)

7
7/,
i,

I
7/
i

/J
/i

= critical loading
transversal
to fiber orientation

longitudinal
diagonal
perpendicular
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Motivation — current simulation standard

isotropic

strain rate

stress

\ longitudinal
diagonal
perpendicular

strain

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

Source: P. Reithofer - Integrative Simulation — Berilicksichtigung der prozessbedingten Anisotropie, 4a Technologietag 2011
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Typical material behavior = SFRT / LFRT

MPETUS

RN !
‘.
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Typical material models in LS-DYNA

Ol —>drientation dependent
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material models in LS DYNA — short and long fiber reinforced thermoplastics

description variables Nur_nber of dependencies
variables

anisotropic . Na M ~F

stiffness Clj 21 CIJ (al1'¢’c ,C )
, . 3D: F, G, H, L, M, N ) M LF

Hill plasticity 2D: 100, 145, 190 6 f(aj, 90 "56")

stress-strain f(a.

curve Loadcurve 3 ( U,(D)

failure Loadcurve 6 f(ajj, )

= Not possible to generate samples with
explicit defined and‘varying a; ‘

= Hard to characterize, too many possibilities in aij

- Micro mechanical model is needed al1=05
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Typical material models in LS-DYNA

macro scale

constitutiv

drientation
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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 6 7
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 @05@" 10.0 1.0 0.0

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

*may be overwritten by
*INITIAL STRESS SHELL/SOLID

TOvnna

NMORE

I N P H Y S |1 € s W E T R U s T dq
u

exemplary values without any warranty
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Material models — *MAT_215 KEYWORD

CARD 5: fiber material

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

exemplary values without any warranty

glass fiber (isotropic)
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T400 (transversal isotropic)

ung
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[MPa)

25.3.2009

------------




Material models — *MAT 215 KEYWORD
CARD 7-8: matrix material

from material characterization (e.g. VALIMAT® Workflow)

Card 7 1 2 3 4 5 6 7
Matrix ROM E PR (0
Units kg/mm3 GPa 6
PP 0.9E-6 1.5 0.4

Card 7 1 2 3 5 6 7
Matrix SIGYT ETAN \ EPSO C
Units GPa GPa @ ; 6 1/ms
PP 0.015 05 1.E-6 10

exemplary values without any warranty
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elasticity

VISCO
plasticity
Bilinear

+ Johnson
Cook

TOvnna

A 20
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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 & u pf
| >
I > 8p I n I >N

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

History#4 (step8: 0-0.81):
dm - matrix damage init.

© Copyright 4a engineering GmbH - 17.07.2020
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History#6 (step8: 0-0.13):

Fiber damage init.



Micro mechanical motivated failure

fallure criteria

Stress based Strain based

MEAN FIELD APPROACH

principal { 9 damage

C.. composl‘ﬁ(&@ber M...matrix

assn@tl\) [liptical inclusion
helby Tensor )

FAILF: Fiber failure FATLM: Matrix failure — ductile DIEM-Model

Damage Initiation Damage Evolution

| T 1
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Material models — present approaches

- Process simulation

5 ElFIBERMAP

a, a, a, | ;;’ﬁa"rﬁ%{_iéﬁa}i'ii\h}&a'éééié)'

a. — a a Field Theory

IJ yy yZ v C _F _M | 1
a,; | o =pc +(1-p)o

_________________________________________________

5 ' Composite (Macro Scale)
' Hill Plasticity

7" Local COS

X

Global COS o

CADMOULD'

R SMULATION

Moldex3D

MOLDING INNOVATION

% MOLDFLOW
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2 vVALIMAT

From test to material card
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from test to material card VALIMAT

b

i\ =

|

Q.
Damage/Failure

Oy ™f
/ > &

Anisotropic

-

IimPETUS

Hardening
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From test to material card

Why not tension (only)?

¢
7 gef‘\“
Anisotropic e{\(\




From test to material card

/

Why not tension (only)?

a/ . __ 15000 -
, (O
ey
/ | 2
Anisotropic " 3 10000
=
s
=)
=
' v 5000
Y
: c
-’ ~
. 9
(5 2 -
! 0 . L=
: 3 0.20 0.40 0.60 0.80 1.00 =S
fiber orientation a,; [-] 3
Pflamm-Jonas 2001
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Fiber orientation — development based on flow / viscosity

1

09

08

07

06

0.5

04

0.3

Fiber orientation aYY

02

0.1 4

0

1
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2

Fiber orientation aYY

0.1
0

measurement results

—/

19

AR
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B
N
/

AV

/NN
N

7/
N

I,

N
AR
=

MR

—
A <L
/

[/

v /f/

/

\_/

ALY

N A

wall thickness

Source: 4a — EU Nelofite project , 2005
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1

measurement results
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g 03 [ ub
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From test to material card — PP LGF30 *MAT_215

I I [

I | I | [ I [ I
140 3PB 2m/s, 23°C 1000 ) Puncture 2m/s, 23°C
avq. test 0° . .—LI . avg. measurement
120 SOlid 0°  s— | MAT_215 S0lid  se—
avg. test 45° . 750 3 .
— 100 SOlid 45°  m— — . :
E. avg. test 80° E. ,
! 80 solid 90° | ® 500} \ —
| - | -
@] - O
L 60 L
40 7 250 —

20
0

| | | | | | | |
0 1 2 3 4 5 6 7

component Displacement [mm]

validation

8 10
Displacement [mm]

i
:IE/ ... averaged test curves
- result of simulation

LY Ef

Source: P Reithofer, failure criteria SFRT and LFRT
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From test to material card — PP LGF30 *MAT_215

54 <

Source: P Reithofer, failure criteria SFRT and LFRT
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Validation for PP LGF30

-+ averaged test curvies
— result of simulation

Force [mm]

Displacement [ mm ]

54 <

FIBEF!MAP

Source: P Reithofer, failure criteria SFRT and LFRT
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Dynamic tensile testing

125

-mlmpETus =

& 750
= |
% R
£ 50+

longitudinal 2.5 m/s -

transversal 2.5 m/s

‘9 Celanese™

The chemistry inside inrfvation |-

: Celstran® PR-GF30-05 -
0 L 1 1 L 1 " " 1 1 1 1 1 1
0 0.01 0.02 0.03 0.04 0.05
strain [-]
comparison

IMPETUS™ impact tensile versus
classical servo hydraulic test
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How to get *MAT_157 or *MAT_215 ?

e . s

2 vVALIMAT
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How to get *MAT 215 ?

fiber

* mechanical properties
= fiber content
= aspect ratio

literature

engineering
judgement

tests (UCT, ...)

= fiber orientation

d vALIMAT

)

component
validation

QL (0/45/90°)

tests

matrix

» pseudo mechanical properties

= yield
» hardening
= failure

REVERSE ENG.
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* pbending and/or tensile

= testing in different directions
0°, 30° (45°), 90° sample orientation

= yniaxial and biaxial

= static and dynamic
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How to get *MAT 215 — case study PA6 GF30 |

Provided by consortium (PCCL, HILTI, Hirtenberger)

plaques for puncture tests
bending samples (0°, ~30°, 90°)
different moisture contents (dry, cond., wet)

LCT measurements

1
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

0

AR IENNP _:/,
—

R Ry P R s I I B
PFP PP F T E TP

6.0 D3 S D PPN O
R RIS AR L R AN
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1000.00
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How to get *MAT_215 — case study PA6 GF30 | VALIMAT

15t step: set up the composite
= Fiber properties from literature
= Fiber content 30%wt - -0,3

= Aspect ratio typical for short fibers 1/d=20 ,

20.00

= uCT measurements - average

1 401,00 74
i v

L1 LL T T * . . * H‘
0.8 * - ~ AN [ ]

0.7 LS A dry, dynamic hending
0.6 0°, 307, 90° orientation

O ' 5 0.00 1.00 2.00 3.00 4.00 5.00
Displacement [mim
0.4 4 [l ]

Farce [M]
»
.

0.3
0.2
0.1

0

U%Q)O)%‘OO)"L‘O%\@'\‘O"JQ)Q"V%%N‘?WD)QJ
PR RSO A AR ARSI AT O . , , o
MMM NSNS TR S 8T R BT BT T HT /TR Source: P Reithofer, et.al., failure criteria SFRT and LFRT
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How to get *MAT_215 — case study PA6 GF30 | VALIMAT

2"d step: matrix hardening Matrix in dependence of moisture

= parameter identification of Young's Mod.  dry  cond. wet
hardening law [MPa] 2500 1600 1450
100.00 125
- o e~ N R PR 7 A 100
s000 ’:0‘ - 100 DT 1 0001
{f:\ ................... 100
8 . ‘T " —0.001
0.00 /4" %1\ ol 75 .........................................................
‘ 75| me
£ o |
40,00 v 9 50
v "y
2000 - - 25
dry, 90° orientation
static & dynamic bending 0
D'Dg.uu 400 g.00 T [mm]12.00 16.00 2000 0 005 0 1 0 1 5 02 025

plastic strain [-]
Source: P Reithofer, failure criteria SFRT and LFRT
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How to get *MAT 215 — case study PA6 GF30 |

3'dstep: validation on dynamic bending

4th step: failure strains

1250.00
}7‘#‘
18000 * 1G00.00
fr'

FE0.00
12000 fﬂv

a0.00 L7 § M/V 174 ‘ ; S00.00
40.00 ’hﬁﬁ - -

dry, dynamic| bending \

D°,30°, 90° grientation dynamic puncture test, dry

0.00 4.00 2.00 280 5.00 7.50

Cigsplacement [mm]

5th step: validation on dynamic puncture

200,00

e,
i
*
3
fo

Force [M]
=,
",
[
<
}
Farce [M]

280,00

000
12,00 16.00 20.00 0.00

Displacement [mim]

1000

Source: P Reithofer, failure criteria SFRT and LFRT
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Second material - PA6 GF30 different moisture contents VALIMAT

T ELTYP4
f‘—«\ 0.5 mm

v T

e 8

m . -

90° orientation ,f /
static & dynamic bending dry ra

Force [N]

Force [N]
S\

i

.--+ averaged test curves
condyy | — result of simulation

nnnnn

nnnnn

)
/

Foroe [N]
3
%
s,

—_—
[ =

dynamic bending
0°, 30°, 90° orientation

Force N]

& 100 00 10000

5 o 7 \

5 o 5
>
"o, ',,w“"‘ i s
o
t o
o %
", *%
' o b,
B
0
60.00 6000 7
> +
s

! : ww««m‘vﬂve

9

y RES " &
o
000 000

1500 2000 000 o0 1500 2000 000 00 1500 20.00

10.00
Displacerment [mm]

O R e
200000
B
1050 w0000 -
199000 B R
o M o,
A
o0 120000 - =
1200 00 \d *, 0’
B S
B
3 B
[ - H )
~/—/— o .
b m— .
g 20000 + e ———— | | ™™ -
/ Bl I | e N s S e . o
. ot 3 B
K Cd e, . . +
P 2, .
g 0 . . R
o EY . . 5
A s
A
~

B\_/®

s /
0000 i Ao 5 AN o

' dr cand wet
dynamic puncture test y “ -

Force [N]

Force [N]

Displacement [mm]

o 5.00
Displacemen it [mm]
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Source: P Reithofer, failure criteria SFRT and LFRT




2 vVALIMAT

What else ?

Ot of the et s e

Tootne Pimh G Motorid (ki Sorien Nl . U .. Tht b

© Al sty
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Injection mold for material characterization

DOM & Wall thickness Plate 120 x 80 X 2 mm

Multi-Specimen &
Rib & Component
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Material models — present approaches

- Process simulation

5 ElFIBERMAP

a, a, a, | ;;’ﬁa"rﬁ%{_iéﬁa}i'ii\h}&a'éééié)'

a. — a a Field Theory

IJ yy yZ v C _F _M | 1
a,; | o =pc +(1-p)o

_________________________________________________

5 ' Composite (Macro Scale)
' Hill Plasticity

7" Local COS

X

Global COS o

CADMOULD'

R SMULATION

Moldex3D

MOLDING INNOVATION

% MOLDFLOW
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Injection mold — process simulation

Melt#

0.0 100.0 mm
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Injection mold — process simulation fiber orientation

Moldex3D

Filing_Fikber Crientation in X Direction (Clipping)

07 [
—+ » 8718
162
T.EO0S

T.0485

B.453

D & ¢ 4D A A I I I I IR I I I
P P P @S P PP PP T E P

5837

[

El6.02018404416:58:10 [4a_Probenplatte.rsv] MNode: 176,865 Surface elemernt: 61,042 Solid element: 411 666
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Injection mold — process simulation & mapping

Moldex3D

L T—

FIBERMAP
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injection mold — process simulation & mapping FIBERMAP

Moldex3D

Scale of hardening curve ~20%

260.00

dry, dynamic bending
0°, 307, 90° orientation
200.00 /f/":] 20000
100.00 P - - 400.00
[ \ dynamic puncture test, dry

Displacement [mm] Displacement [mm]

Source: P Reithofer, failure criteria SFRT and LFRT
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injection mold — process simulation & mapping FIBERMAP

Melt#

00 100.0 mm

meltline

Source: P Reithofer, failure criteria SFRT and LFRT
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Injection mold — process simulation & mapping

Melt#

00 100.0 mm

meltline

Source: P Reithofer, failure criteria SFRT and LFRT
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~30% of failure strain

FIBERMAP

100.00
80.00
e
#
: ¥ m‘
**
-
*
50,00 +
E *
2 .
*
40.00 a-n
e v ;
e L
20.00 T ]
0.00 \h
0.00 4.00 £.00 12.00 16.00 20.00
Displacement [mim]
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injection mold — process simulation & mapping FIBERMAP

Melt#

00 100.0 mm

weldline

Source: P Reithofer, failure criteria SFRT and LFRT

© Copyright 4a engineering GmbH - 17.07.2020
P. Reithofer, H. Pothukuchi, C. Schober, pres_20071701_pr_chob_hpot_4a-Summer-School-Day7




Injection mold — process

Melt#

00

weldline

100.0 mm

Source: P Reithofer, failure criteria SFRT and LFRT
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simulation & mapping

FIBERMAP

~30% of failure strain
200.00
160.00
120,00
=
- pf/\
S0.00 *‘r.:‘
o’
,/u/*‘;/
"
¢**
Ee e L
40.00 ’—4’ L ]
ot
oot dynamic|bending
0.00
0.00 2.00 4.00 .00 £.00 10.00
Displacerment [mim)
I P H Y S I cC



2 vVALIMAT

Case Study

Ot of the et s e

Tootne Pimh G Motorid (ki Sorien Nl . U .. Tht b

© Al sty
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Casestudy - sleeve

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

he Platte i

Typische ElementgréRe: 0.25mm
Elementtyp: Tetrahedron Type 10
Elementanzahl: 469 470

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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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

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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IMPETUS VALIMAT MICROMEC FIBERMAP

Composites (Carbon)

efficient from test to validated 3D anisotropic individual mapping
dynamic testing material cards material cards process information
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ubD

[OimpPETUS

static

MD

static,
cyclic

ubD

S
static, dynamic

MD

>

J{v, m,

MD

static, dynamic /\7
Q
;:O
.\p‘"
Puncture 0
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Composites — available LS-DYNA material models

No. Elastic Plastic Damage Strain rate Failure
22 Orthotropic None None None Orientation dependent
: Elastic Chang-Chang/ Tsai-Wu
Sl EHERE None Orthotropic S Orientation dependent 5
> o
: Elastic Strength, mod. Hashin < =
S8 ONEIERIE None Orthotropic Stiffness Orientationdependent w8
— LE
158 Orthotropic None SESTE : Visco-elasticity Orientation dependent o &
Orthotropic c =
@)
=
. Elastic failure Pinho (Puck) =0
261 EE2IE None Orthotropic N Orientation dependent ©)
: Elastic failure Camanho (Puck)
262 EERE None Qrthatropic None Orientation dependent
© Copyright 4a engineering GmbH - 17.07.2020 N P H Y s 1 s
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Composites — micro mechanical approach

*Part Composite +—>

E Material behaviour
B Material source

Implemented

Elasticity Motisotropic elastic
Plasticity Mot selected
Failure/Damage Mot selected

[}

*MAT_ANISOTROPIC_ELASTIC_PLASTIC ("MAT_157)
Deformation *MAT_COMPOSITE_DAMAGE (*MAT_022)

*MAT_ENHANCED_COMPOSITE_DAMAGE (*MAT_054)
*MAT_LAMINATED_COMPOSITE_FABRIC (*MAT_058)
*MAT_RATE_SENSITIVE_COMPOSITE_FABRIC (*"MAT_158)
*MAT_LAMINATED_FRACTURE_DAIMLER_PINHIO (*MAT.261)
*MAT_LAMINATED_FRACTURE_DAIMLER_CAMANHO ("MAT_262)
*MAT_ANISOTROPIC_ELASTIC_PLASTIC{*MAT_A5T)
*MAT_MICROMEC (*MAT_215)

*MAT_MICROMEC ("MAT_215)+Carbon

Damage/Failure

Materialcard id

Density

Plasticity
Function (Hardening, Elastic curve form)
Strain rate dependency
Micromec

Fracture
] A 410 | NI

Avalilable LS-DYNA materialcards in VALIMAT ™
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in @ vaLIimAT

_/@/Test database/VMBasuremm/]/F{epDrt)/Maasurement curves " Viewer alt) » wit) »* =(t) " FIt) » F(s)* Eit)} sigieps).” &
E@I 160826_004 Material | Designvariablen | Layers |
Model settings
Matenal
Idealization
B Material behaviour L\
Material source
Materialcardcase s
Damage/Failurecase { \ Chang Chang
Materialcard id A\ V 1000000
Density \ )" 1480
Plasticity : - Mone
Function (Hardening._EIa;ﬁc curve form)
Strain rates dep_end;ncy— y Mone
2 Micromee & Endless fiber reinforced plastics
E_Ma?ix »
‘ "1 Density ofthe matrix 1093
N E-Moduus 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
B Orientation
Fillerorientationtype ub
B Strength
Fiber siengh
KT 2300
XC 2000
Fracture Composite
Postfracture MNone
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Composites — micro mechanical approach In VALIMAT

_/@/Ttdatabase)/Maasuremem/VF{epnrl/VMaasurememcurvesJ’ Viewer < alt) » wlt) > s(f) + F(t), > Fis) " Eit) ' sigleps) ' e

IEBI 160826_004 Material | Designvariablen | Layers |

Model settings

Matenal

Idealization

E Material behaviour L\

g

-
“2

=]

Material source
Material card
Materialcardcase

N Im;ﬂememed
'TMAT_CO MPOSITE_DAMAGE ("MAT_022)

) os00_maT22

’5/%;;?5’ Damage/Failurecase Chang Chang
T Materialcard id 1000000
: 7 Density 1480
Plasticity Mone
Function (Hardening, Elastic cur\ref'alm]
NN 3 Strain rate dependency A Mone
SIS B Micromec \ Endless fiber reinforced plastics
B Matrix {
Density6fthe matrix 1093 —
4 E:Modulis 3000
Poisson's ratio 03 - H
N Volsarr & — Matrix properties
4 Strength at Break 70
_C - F - M Failure strain 0.05 _—
O = gDO- _|_ (1_ qp)o- @ Fiber
Fillerlength 20000 —
. . 5 Fillerdiameter 20
Phi or Psi . .
C---CompOSIte, F...flber, M...matrlx Bhi EB — Flller propertles
Psi 77
Fillermaterial T300
B Orientation =] . .
Fillerorientationtype up — Orle ntatlon
B Strength —_—
Fiber siengh
X1 2300 — Strength
XC 2000
Fracture Composite
Naone
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Composites — micro mechanical approach

in VALIMAT

Typical Design Variables for *MAT 022

M0 160826_004 Material | Designvarisblen |  Layers |
«\
Marne Start  const. | from to Waridryee iCDndi... Description
A GroupMarme: 10_elasticity
c_E11 MMEC 100000 'IEE]D[]DAH_NU_LL]I young modulus tensile in 1 direction
c_E22 MMEC W [NULL]I_:{NLILEI [(MULL) young modulus tensile in 2 direction
c_E33 MMEC ,(‘ -l{l_NUI__L}i'[EwlULL} (MULL) young medulus tensile in 2 directicn
c_nue2l  MMEC _-'J X (MULLY (MULL) (NULL) poisson ration in 21 plane
= ; c_nued ;I':-’II'».;{EC_ e W (MULLY (MULL) [MULL) poissch ration in 31 plane
c_nule32_ :E-"Il’-.iEC W (MULLY ((MULLY [(NULL) poisscn ration in 32 plane
—C —F —M ' rc_l51_2 MMEC W (MULLY ((MULLY [(NULL) shear medulus in 12 plane
o = CDO- + (1_ qD)O- :! . 1. c G23 MMEC o (MULLY (MULL) (NULL) shear medulus in 23 plane
CCOmpOSIte, Fflbel’, MmatI’IX ' c_G31 MMEC W (MULLY (MULL) [(MULL) shear medulus in 31 plane
A GroupMame: 51 _failure
fc R11T  MMEC of | [MNULL) [NULL) (MULL)
fc R11C  MMEC of [ [MNULL) [NULL) (MULL)
3 fc RZ22T |MMEC o [WULL) ({MNULL) (MULL)
fc_RZ22C  MMEC of [ [MWULL) [MULL) (MULL)
fc_R12 MMEC of [ [MWULL) [MULL) (MULL)
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Composites — validation with final material card VALIMAT

Orientation -
red: O
biue: 45° Multilayer Setup
static versus L
dynamic |
o f = ; am 500 1200 y E;a-[::-l . 200 250 30,00
Rk B = .... test
— simulation

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

Front hood
P

= Stiffness versus
pedestrian safety

Material card

= Composite layup with
anisotropic material behavior

= Core material — Honeycomb
different compression levels
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resultierende Beschleunigung [g]

©
o

Vergleich Beschleunigung: Versuch vs. Simulation

@
o

-
o

=23
(=3

o1
o

S
o

w
o

|
207 f]

A MAGNA

0.01 0.02 0.03 0.04
Zeit[s]

0.05



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, ...

[OimpPETUS 4 vALIMAT fdmicromEc EIFIBERMAP

X

8
0O

Fiber reinforced Plastics (SFRT & LFRT)

Composites (Carbon)

efficient from test to validated 3D anisotropic individual mapping
dynamic testing material cards material cards process information
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different models needed for different materials
COMPOSITE (higher fiber content) - elastic + damage
SFRT, LFRT (medium fiber content) = viscoplasticity-also of importance

Two main approaches
Macro scale — composite behavior
Micro scale — distinguish between fiber and resin/matrix behavior

Differences
Flexibility in usage (Micro++)
Computational effort (Macro ++)
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DAY 8 — 17t July 2020

User-defined ;f)mecir;\en/input deck;

2 VALIMAT

; s va F' (D A 8p
— P
User-defined material cards C e, = _1\4 N

o7

with Python

P. Reithofer, H. Pothukuchi, C. Schober, pres_20071701_pr_chob_hpot_4a-Summer-School-Day7
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Hardening  Triaxiality ~ Damage/Failure A"SO!"OPI®
Possibilities in VALIMAT®
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Thank you for your Attention!

4a summer-school - webinar and training

Evaluating and checking test data

Interpretation of typical results

SAVE THE DATE

17th Python: a powerful tool with VALIMAT®,

2 vVALIMAT

user defined material cards/specimen

more information on our software

Anisotropic

“
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Damage/Failure !
www.da-engineering.at\valimat ‘

b, I

Triaxiality

You([TT)

Hardening

1 N P H Y S 1 c =

[OimPETUS
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https://www.4a-engineering.at/4a-valimat
https://www.4a-engineering.at/testpackages
https://www.4a-engineering.at/downloads/comprehensive-test-packages.pdf
https://www.youtube.com/channel/UCgzo_QL773e_1XAT8_-FaZg



