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Material is Generated During Processing

Split mold
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== [jector

S

Screw motions Screw Heaters Barrel Nozzle Sprue

Short-iber-Rifrcd Plastic Resin
(fiber length: ~ 0,1 - 0,5 mm)

S, Shear layer: Fibers oriented parallel to flow direction
S, Mid layer: Fibers oriented perpendicularto flow direction
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Influence of Fiber Orientation on Mechanical Properties
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Needed Process Steps for FEM of SFR Plastics
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FE-Molding

Simulation q

(orientation tensor)

N / Mapping

&

Anisotropic AmTZOEtI(AOpIC Anisotropic
Material Model : : i Failure Model
Simulation :

FE-Structural
Mesh

. 4

________________________________

Py N

Material
Data

Q Fig.4

Engineering




Approaches for Anisotropic Material Models

Macro-Approach
(works on the composite)

Orthotropic Material Model (linear elastic)
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+ tensile modulii the 3 orthotropic axes E;, E,, E;
» shear modulii the 3 orthotropic planes G;,, G;3, G,3

« Poisson ratios vy,, Vi3, Vo3

» local fiber (element) coordinate system
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Approaches for Anisotropic Material Models

Micro Mechanics-Approach
(works on the constituents of the composite)

L/D i .
flbers@ P Om;enlza ion
{ f -

fiber stiffness

anisotropic

matrlx stiffness

homogeneous
Mori-Tanaka Eshelby) Model continuum
l
cn+7 — [ 1 - Ul [UIBF 1 — vl)l]

B¢ = I-IE(I Co, cl)
H(1,cp,¢1) = {I+ €(l,co) : [(co) ™" i g —I]}7

needs material properties of the constituents of the composite:

« tensile modulii of fiber and matrix
« aspect ration L/D
» local fiber (element) coordinate system
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Approaches for Anisotropic Material Models

4 Hybrid-Approach N (¢ Micro Mechanics-Approach )
FE-Molding : FE-Molding
Simulation I\/Iicﬁ)nlia/:ggﬁglnics Simulation

(orientation tensor) (orientation tensor)
Mapping 1x| compute anisotropic Mapping
material data
" Pre-Processing % Pre-Processing &
FE-Structural MEUEEY [RELE Material Data FE-Structural

(anisotropic

Mesh :
composite)

(fiber, matrix) Mesh

FEM FEM
conventional Micro Mechanics @
anisotropic Model Model
*MAT 157
* *
_ CONVERSE ™ JAN MAT _4a_ MICROMEC (*MAT _215)

B m Fig.7
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Anisotropic Elastic Plastic Material Model in Dyna *MAT 157

Hill Yield Criterion:

O-eq = \/F(O-zz — 03 )2 F G(O-ss —0-11)2 +H(O-11 — 0y )3 +2LO_123 + 2*”0-321 +2NO_123

Where F, G, H, L, M and N are constants obtained by test of the material in different
orientations. They are defined as

syntax template:

*ELEMENT _SOLID_ORTHO
local coord. systems (element-wise)

*MAT_ANISOTROPIC_ELASTIC PLASTIC (*MAT _157)
anisotropic stiffnesses (entry of elastic stiffness tensor)
anisotropic constants (Hill coefficients F, G, H, L, M, N)
id of reference stress-strain curve (plastic yield curve)

*DEFINE_CURVE
reference stress-strain curve (plastic yield curve)

*INITIAL_STRESS_SOLID
element-wise overwriting of material parameters accord. to local orientation tensor

*MAT_ADD_EROSION

R T Fig.
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Anisotropic Elastic Plastic Material Model in Dyna *MAT 157

Hill Yield Criterion:

2 2 2 2 2 2
aeq:\/F(azz—aﬁ) +G(0y;,—0,) +H(0,,—0,) +2Loy, +2Mo;, +2No,,

Where F, G, H, L, M and N are constants obtained by test of the material in different
orientations. They are defined as

B o= o
2
B o= A
2
B o= =
3
M =
UV —

PR T

Engineering

I ® 3
® ®®
1.3 1
R; R, R,
i 0 B
AR
Rl—l RZZ R33
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2R
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3

2R,

__— vyield ratios:
_ Oy11
Ry, =
Oy ref
_ 0y22
R,, =
Oy, ref
_ 9y33
R33 =
Oy, ref
etc. ....

Example:

o)

0y,11= 0y ref

0y,22

3

11-Dir (1/0/0) = Ref

*DEFINE_CURVE

{

C;; anisotropic elastic stiffnesses

> C

11-Dir; fiber axis direction

Fig. 9



Orientation Distribution Function in SFR components

anisotropic

anisotropic anisotropic ) :
(transverse-isotropic)

(unidirectional) (mixed)

(100/0/0) ( ) (50 / 50 / 0)

33 33 33
11 4 11 4 11

/" 22 =/ 22 Y/ 22

Example: Different orientation distribution, but same principal fiber direction.

ﬂ Fig. 10

Engineering



Dependency of Material Properties on the
Orientation Distribution

Durethan_AKN 35 H2-0_cond

1e00fr————""——— - F -
' ' * mmeasured curve
—direct.1 (80.0|20.0]-0.0) R= 1.05
anisotropic —direct.2 (80.0|120.0]-0.0) R= 0.58
(unidirectional) ! ! direct.1 (33.333.3|33.3) R= 0.63
/7 | | direct.2 (33.333.333.3) R= 0.63
(100/0/0) : : direct.1 (100.0]0.0j0.0) R= 1.33
132004 et direct.2 (100.0]0.00.0) R= 0.49
% e 5 —direct.1 (50.0/50.0/0.0) R= 0.77
. . = ' —direct.2 (50.0|50.0j0.0) R= 0.7
anisotropic 2 -
(mixed) &
o :
(80/20/0) £ 88001
anisotropic
(transverse-isotropic) 5
(50 / 50/ 0) 007
anisotropic
(quasi-isotropic) b f
0.00 ¢
(33/33/33) 0.00

Engineering Strain [ %]

Required: ODF dependent material properties
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Consideration of ODF by Orientation Averaging

Micro-Mechanical Model Fiber Orientation Distribution

(Mori-Tanaka)
. . real behavior in injection molded part
orientation tensor T

ideal be_hawor in the micro general case : R
mechanical model of a

unidirectional representative \
volume element ail a12 a13
22 ) a22 a23
11 33
. . a33/

weighted averaging of
mechanical properties

-90° -45° 0° +45° +90° -90° -45° 0° +45° +90°

ﬂ Fig. 12
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ODF-Dependent Hill Yield Criterion

Hill Yield Criterion:

- 2 2 2 2 2
Oy = @Uzz 5 033) @033 - 011) @011 . 023) @23 +31 +@71

Where F, G, H, L, M and N are constants obtained by test of the material in different
orientations. They are defined as Durethan AKY 35 H2-0 cond
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Implementation of Approach in LS-Dyna

(orientation tensor)

Mapping

4 Hybrid-Approach
FE-Molding :
Simulation A

1x

Micro Mechanics

compute anisotropic
material data

WY Pre-Processing

FE-Structural
Mesh

Material Data
(anisotropic
composite)

vady-to-use

FE-input deck
FEM
conventional
anisotropic Model
*MAT _157
\_ CONVERSE ™ )
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Validation of Approach with Numerical RVE (Unidirectional)
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Validation of Approach with Tests

in-flow
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Converse — Easy-to-use Software for FEM-Simulation of

SFR Plastic Components

Material
Material Name: WT +| Temperature [*C]:
Ultramid_A3HG7_cond -
B Matrix Data  Ultramid_A3HG7_cond
[c 1 Converse364 G Ultramid_AIWG10_cond Orientation State
Source Target Material Display Window Extras Info Quit : Ultramid_A3WG3_cond
railiies Iy - - ' Ultrormid ASWES cond 18 3313333 1001010 505010 7512510
AR 4L A% M A% GRS « v 2 LHIS nue W Ce o fined- | (sotropicl | (fully oriented) | (transversely
Density: hange) isotropic)
] Source: Coverlinverzogen [MOLDFLOW] = |[Er=] Ultramid A3X2610. cond m 145452 12572 6079.6 87471
alpha: Ubtramid_ABXGS_cond 57 47851 289152 607732 16287
View/Edit £ Vtramid_A3X267_cond 02 41732 291421 324791 3114.92
Ultramid_B3EGE_cond 57 0301032 0339734 0319604 0410243
Delete El3 E;g::::—gs\fgg‘:‘;‘: | 52 0.301297 032473 0337902 0.295612
Ultramid B3WGS DAM 67 0.297534 0457317 0338391 0407593
Ultramid_B3WG6_cond b4 1698.29 1056.77 109515 1095.56
. L FiberData  Ultramid_B3WG7_cond 21 17125 112261 106319 11078
egree o .
¢ i E H:tfam!:gggéﬁ": 59 171179 108363 227557 1975.77
B trarmid_| _COn
e Ultramid 32268 cond al 64,5643 19.0246 40,5964 240745
VECTRA F130i 55 54.5643 116.507 40.5682 60.0272
Density:  Valox Resin VX5022 51 64.5643 115416 14268 137368
X Vestamid_LGF30_cond |
i Vestamid_L_GF30_dry la/em’l | Mt FectiofiaslioComn J
- Xtel XES030 BL = )
Fiber View L/D: Ziamid_43.30_cond = [W/(m*K] | Delete Elastic Plastic Composite |
Zytel_T0GI0HSLR_BK099_cond 3 q
ey {we'ghﬂzﬁal_?ﬂGESHSLRIu cond ¢ D/ikgR]
Zytel 70G35HSLX BK357 cond
— 7ytel 73G30HSL_cond
o AL cond =

n 100 existing material grades included
oo« ]

-use even for the occasional non-expert user
ue for money by minimum license draw
staple computation

increase in CPU times

1 _—

. See-through and open data handling

RT . Seamless integration into CAE process chain Fig. 17
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Converse - Integrated Software Solution for FEM-Simulation
of SFR Plastic Components

Interfaces Cadmould

Fluent

Mold . . .
e Fiber Orientation
Moldflow

3D Timon ’
St Converse

/Injection Molding\ Mechanical Solver\ /Fatigue Solver or\
Solver User Materials

(B

Interf
Interfaces Canverse
Abaqus

f:;:a Flber Orientatio

Marc Interfaces

Nastran Export Orientation to FEMFAT
Radioss Export Orientation to nCode

Export Orientation to LMS Virtual.Lab
Export Orientation to MF-GenYld+CrahFEM
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