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Motivation for Anisotropic 
Material Modelling
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Cross sectional view

Due to shearing in the boundary layers
the fibers are oriented in flow direction

Shearing zone

Flow direction

Evolution of Fiber Orientation in Mould 
Filling Process
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Upper view

Fibers are being oriented in stretching direction

Evolution of Fiber Orientation in Mould 
Filling Process

Stretch flow
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Gating
Melt front

Fountain flow

Fibers are constantly transferred from the core
layers to the boundary layers and thus redirected

Longitudinal orientation 
in the boundary layers

Transversal orientation 
in the core layers

Evolution of Fiber Orientation in Mould 
Filling Process
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Flow direction

Flexible in tension

Stiff in bending

Stiff in tension

Flexible in bending

Mechanical behaviour of anisotropic
layered shells

 
 

 
© 2005 Copyright by DYNAmore GmbH 

 

4. LS-DYNA Anwenderforum, Bamberg 2005 Keynote - Vorträge

A - I - 91



1

Engineering Plastics Europe
gla

0

2

4

6

8

10

0 2 4 6 8 Extension [mm]

Simulation of tensile test 
on specimen bar

Lengthwise

Crosswise

Force [kN] Injection moulded
plate

Effect of fiber orientation

Engineering Plastics Europe
gla

Evolution of fiber orientation
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Orientation distribution function
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Homogenization of fibers and polymer

Mean Field Theory (Mori and Tanaka,Tandon and Weng)

EE--ModulModul

( )[ ] ( )[ ] 1ε
01

ε
1 ΙB:EB:EE −

−+−+= 111 11 cccc

( ) [ ]( ) 11
1
0ωΙ,

ε ΙE:E:ΙB −− −+= ε ( )ωΙ,ε : : Eshelby Tensor

111

000

ε:Eσ
ε:Eσ

=
=

εEσ =

Homogenization

 
 

 
© 2005 Copyright by DYNAmore GmbH 

 

4. LS-DYNA Anwenderforum, Bamberg 2005 Keynote - Vorträge

A - I - 93



1

Engineering Plastics Europe
gla

Homogenization of orientation 

Mori Tanaka ODF- Funktion
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Material modelling for composite 
materials 
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ABAQUS,LSABAQUS,LS--DynaDyna

MOLDFLOWMOLDFLOW FIBERFIBER

Integrative Simulation
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Anisotropic stiffness for SFRP-material
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Tangent modulus for polymers
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Tangent modulus for SFRP material

Uniaxial loading longitudinal

Uniaxial loading transversal
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Dynamic tensile test, simulation
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Tensile test at 10 m/s velocity
Wave propagation

Simulation

Experiment
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Material behaviour at crash loading
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Material Measurements

Software
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Average Fiber orientation, and Failure 
variable
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Penetration Experiment

Biaxial Stress

Main fiber direction

punch

Fixed by axisymmetric die
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Simulation of penetration experiment

Loading
Main fiber direction

Animation

Engineering Plastics Europe
gla

Simulation of penetration experiment

Simulation
Versuch
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Start of crack
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Failure with
diagonal cracks
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collapse
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Degree of fibre orientation 
in the structure 

High degree of fibre
orientation in the thin-
walled regions of the 
structure

Degree 
of orientation

High

Low
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Tensile load in stiffening ribs

Tensile stress
High

Low

High tensile stresses in 
the thin-walled regions 
of the structure
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Axial compression on Lu-Carrier

SimulationExperimentTime: 30 sec

Front view Back view
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Axial Crash on Lu-Carrier
Simulation

Experiment

Time 0.02 sec
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Process

Material

Part
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Measurement

• Anisotropic 
• Nonlinear 
• Strain-rate sensitive
• Tensile-compression 

asymmetric 
• Failure modelling
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