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Introduction
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Characteristic Structure of reinforced Plastics

Fiber size and geometry have
significant influence on the part
performance.

Orthotropic properties increase with
increasing fiber content while at the
same time the effect of strain rate
diminishes due to the less content
of matrix material.
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fiber reinforced thermoplastics
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exemplary material behavior
» Celanese has tested three reinforced materials PP GF30, PP GF40
and PP GF50
» at 3 temperatures
» at 3 different orientations
by using a quasi static device and 4a impetus device.

» The material behavior of polymers and reinforced polymers depend
on many factors such as

» Temperature
» Fiber orientation
» Fiber content
» Strain rate.

The following slides show exemplary the influence of these factors
onto the measurement results of the 3-point-bending test.
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Influence of fiber orientation
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This diagram shows the influence of the fiber orientation of the test specimens.
The stiffness for the longitudinal direction is much higher compared to the
perpendicular direction and therefore higher forces are needed in the test. The
failure displacement increases with the orientation. At 0° orientation failure

derives from the fibers while at 90° orientation the failure is dominated by the rDYNA
matrix material (plastics). MORE
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fiber reinforced thermoplastics
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Influence of fiber content

. 3-point-bending at 1 m/s
Raw material data +212°
ﬂ provided by Celanese 23 .C .
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This force-displacement-diagram shows the influence of the fiber content of the
test specimens. The more fiber content the higher is the stiffness and the forces
in the test. The failure displacement decreases with the fiber content. The
reason is the same as for the fiber orientation. Having low fiber content the

matrix material dominates failure while at higher amounts of fibers the failure of rDYNA
the fibers leads to failure of the test specimens. MORE
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Influence of strain rate
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This force-displacement-diagram shows the strain rate dependency of the
material. With increasing strain rate the force also increases. For this test setup
the dynamic tests at 1m/s have a strain rate that is 1000 times higher than the
quasi-static tests at 1 mm/s. Such a strain rate dependency is typical for

plastics. rDYN I\
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Influence of temperature

| PP GF40 longitudinal
K Raw material data -noint- I
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This diagram shows the influence of the temperature of the test specimens. The
stiffness decreases with increasing temperature resulting in much higher forces
at low temperatures in comparison to higher temperatures. Also the failure

displacement decreases with lower temperatures, the test specimens become
more brittle.
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*MAT 24 — typical approach
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PP GF40
. Raw material data
strain rate provided by Celanese . .
longitudinal
diagonal

perpendicular

stress

strain

This diagram shows the calculated material models for PP GF40 using
*MAT _24. The different Young’'s Moduli and stress levels for the orientations are
clearly visible. The high fiber content leads to quick failure in the tests with just a
small amount of plastic strain, especially for the longitudinal direction.
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Material models in LSDYNA ‘Iq

OverVieW . ENGINEERING

Elastic Plastic Damage Strain rate Failure

: Elastic Strength, : :

i Orthelighlc -
: Elastic : - : :

Orthotropic “ Orthotropic Viscoelasticity Orientation dependent
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new features MAT 002

Anisotropic elastic solution with MAT_002_ANIS [2014Haufe]

\
Hyperelastic (total) formulation using Green-Lagrange strain E neW

6=/ 'F-S-FT =] 1F-C-E-FT

Elastic-anisotropic behavior, stiffness matrix with 21 independent coefficients:

_Cll C12 613 C14 C15 Cl6_
Coz (o3 Gy Cys Gy
|:> C= C33 CB4 C35 636
C44 C45 C46

Generation of . C C
constitutive data sym 55 ~56

Several possibilities to define material directions, e.g. AOPT, ELEMENT_SOLID_ORTHO, ...
Use invariant node numbering is recommended — *CONTROL_ACCURACY: INN=4
No plasticity, no damage, no failure (but: brittle failure possible via *MAT_ADD_EROSION)
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new features MAT 002

2014Hauf
CARD #1 | mid | ro | c11 | c12 | c22 | c13 | c23 | ¢33 [2014Haufe]
CARD #2 cl4 c24 c34 c4d4 cl5 c25 c35 c45 W

Ne
CARD #3 | c55 clo c26 c36 c4d6 c56 c66 I aopt
CARD #4 || xp e Zp al a2 a3 macf ihis
CARD #5 || vl v2 v3 dl dz d3 beta ref

> C;. constants in the 6x6 anisotropic constitutive matrix O9; = Ct‘jkigkl

» AOPT: usual options to define the material’s coordinate system

ihis:  flag for element-wise definition of the stiffness tensor with
*INITIAL_STRESS_SOLID. This allows mapping of locally
anisotropic data.

Old approach: each element New approach: one property
one material card

*INITIAL_STRESS_SHELL (SOLID)
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combination of material models

Approaches in literature

» MAT54 + MAT108

» Spritzgussbauteile aus kurzfaserverstarkten Kunststoffen: Methoden der
Charakterisierung und Modellierung zur nichtlinearen Simulation von statischen und
crashrelevanten Lastfallen, Julian Schopfer, Institut fir Verbundwerkstoffe GmbH,
Dissertation 2011

» Julian Schopfer: Charakterisierung und Modellierung von kurzfaserverstarkten
Kunststoffen - Teil 2: Simulationsmethoden mit LS-DYNA, Dynaforum 2010, Bamberg
http://www.dynamore.de/de/download/papers/forum10/papers/F-1V-03.pdf

» MAT_ 157 = MAT_002 + MAT_103
» André Haufe: Zum aktuellen Stand der Simulation von Kunststoffen mit LS-DYNA, 4a
Technologietag 14, http://technologietag.4a.co.at/images/tt2014/s2v3_Haufe.pdf

» R. Jennrich: Experimentelle und numerische Untersuchung eines
kurzglasfaserverstarkten Kunststoffes, Dynaforum 2014, Bamberg
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new features MAT_157

: S : 2014Haufe
IP-wise Initialization [ ]
wew'
*MAT_157: Selective mapping IHIS IHIS = ay + 2a, + 4a, + 8as
FLAG  Description Variables #
ag Material directions q11, 912, 913, 931, 932, 433 6
a, Anisotropic stiffness Cij 21
a; Anisotropic constants F,G,H,L,M,N 6
as Stress-strain curve LCSS
*INITIAL_STRESS_SOLID: NHISV
* |n addition to 6 stress values and eps NHISV history variables can be initialized
= NHISV must correspond to the a; that define IHIS in *MAT _157
NHISV = 6ay + 21a, + 6a, + 1la, Bovw N o

VMIORE
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simulation process chain

. . . . . . 2012Reithofer

» Available simulation process chain for injection molded parts [ ]
Injection molding ! Mapping .| Crash Simulation
'(Moldflow, Moldex, ...) . (4afibermap,...) ' (LS-DYNA) |
0,66 0] 0] I . | : . . i
a [ o o032 o ]» In plane mapping » orientations |
o 0 002 | | ' *ELEMENT_SHELL_BETA ,
fiber orientation | | i | |
R o TR Ly | *ELEMENT_SHELL_COMPOSITE ;
N . - @ T cash || *INITIAL_STRESS_SHELL(SOLID) i
‘micromechanic modeling || injecton molding mesh mesh 1| |
| . L | *ELEMENT_SOLID_ORTHO |
| (43 mlcromEC, u-) Cy Cp Gz Gy G5 Gy | ! . . . . . i : !
| Co Cis Cu G Go|l +  Mappinginthickness direction ' standard material models :
i — C= C33 Cys C3s Cag| ! ! i
i ‘ fuu s > .. | > *MAT_(ANISO)TROPIC_ELASTIC |
| % ' Cos! 1 . f::? : ! E
. PP | © N g |1 *MAT_ANISOTROPIC_ELASTIC_PLASTIC |
i - anisotropy i i solid mesh i i i

B micromec Hfibermap

Seite: 15/23
Autor: Peter Reithofer, Bernhard Jilka, Artur Fertschej
Datum: 141105

Titel: rep_14110501_pr_bjla_afer_gga_FiberMaterialModels.ppt © 4a engineering GmbH, all rights reserved



Material models in LSDYNA

simulation process chain
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. . . . . . [2012Reithofer]
» Available simulation process chain for injection molded parts
M oldflow B esults E=port
0- Al = | Clearlit | Loadlit | Savelint |
1610 Fill time A [ =]/ HDDT -
1760 Pressure at W/ switchower / [MPa ]/ NDDT — 4
1770 Temperature at fow front A [C] A HDDT
1600 Density / [ gfem™3 ]/ NODT £ Time >
1900 Extengion rate /A [ 1421/ NODT / Time |
4021 Fiber anentation tensar /[ ]/ HMDDT -
1630 Freeze time A [ ] /MDDT — | g
1180 Pressure / [ MPa ] / NDDT # Time ¥ [Prafix]
1584 Shearrate /[ 1421/ NDDT ¢ Time —_— *
1537 Shear rate, mazirmurn A [ 143 1/ HODT Z Time ELEM ENT_SHELL_B ETA
1540 Temperature A [ C ]/ NDDT £ Time Afi
1780 Welocity / [ cmds ]/ HDDT / Time [\PraﬂX]
1595 Vizcogity / [ Pa-z 1/ HDDT / Time b [Ma|n]
1611 Unfilled cavity /[ 1/ WDDT
1620 % olumetic shinkage /[ % ]/ NDDT / Time <<ID;0D8S>><<1;0D8S5>><<Nd1;0D8S>><<Nd2;0D8
1622 Air trapz /[ 1/ NDDT ¢ Time . .
1643 Polymer il region /[ ]/ NDDT / Time S>><<Nd3;0D8S>><<Nd4;0D8S>>
3170 Tenzile modulus in firzt principal direction (30 fber] ¢ [ P . . . .
3112 Tenzile moduluz in gecond principal direction (30 fiber] /[ <<O'O’ 1D16S>><<0'0’ 1D16S>><<O'0’ 1D16S>><<0'0’
fTII'I 4 Tensile ronduls: in third nrinninallriirﬂr:rinn 130 fiker 2 fili:l 1D16S>><<th eta 5D16S>>
4 3 !
S~ [\Main]

Bfibermap
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4a impetus process

' i : 2012Reithof
» The influence of the manufacturing process on the material [2012Reithofer]

behavior (fiber orientation) is included in the process chain.

N D

Element orientation e.g.
*ELEMENT_SHELL_ BETA

I

4a impetus

©by 4a engineering GmbH - intelligent testing systems

Material angle

[ LSPREPOST®© ]

‘ > DATABASE
measurement, models
1 t

ORIENTATION
e.g. 0°, 45°, 90°
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Comparison on PPGF40 (MAT_002) B ENGINEERING
longitudinal perpendicular
o ——  Simulation o — Simulation
I ..- Test .- Test
; 100.00 1/ / N 100.00 f\v/\// r-/\,/\/-\/\/\/\
: / f'/ ull
i : > B » . / |
0.00 | 0.00 L
.00 1.50 3.00 Dispiscemen t [mm]4.E-D 6.00 T.50 0.00 1.50 3.00 Displacemen . [mm]4.E-D &.00 750

» Orthotropic material models without plasticity or damage

(MAT_002, MAT_022) can reproduce the longitudinal direction,

but are too stiff in perpendicular direction.
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Comparison on PPGF40 (MAT _157)

longitudinal perpendicular

Simulation -— Simulation
..- Test --- Test

[ 200.00

200.00

150.00

150.00

b

arce [N]

*oes

ha
e

Displacement [mm] Displacement [mm]

» Orthotropic material models with plasticity and rate dependence

(MAT _157) can reproduce both directions.
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Conclusion
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» Orthotropic material models without plasticity or damage
(MAT_002, MAT_022) can reproduce the longitudinal direction,

but are too stiff in perpendicular direction.

» Orthotropic material models with plasticity (Mat_108) can reproduce
both direction but since plastics are rate dependent there is a need

to take an average strain rate for the material parameters.

» Orthotropic material models with plasticity and rate dependence
(MAT _157) can reproduce both directions.

» Orthotropic material models with damage (MAT 054, MAT 058,
MAT _158) can reproduce both directions. MAT 054 and MAT 058

can have rate dependent damage.

» Outlook: MAT 058 with new possibilities for strain rate

L
dependent orthotropic elasticity M?¥NA
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Veranstaltungshinweis

Der ACI

=l nooeerac TINdet vom 5.- 6. Marz 2015 in Schladming
zum insgesamt 12. Mal statt.

Das Thema heuer lautet ,,Leichtbau und Composites*.

Nahere Informationen sind demnéachst auf der Homepage
http://technologietag.4a.co.at/ verfligbar.
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