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Short Fibre Reinforced Thermoplastics

Introduction/ Motivation

®m  Short fibre reinforcement leads to complex

1
max

inhomogeneous anisotropic material behaviour
depending on

Process parameters
Part geometry

Material properties

® Prediction of part behaviour by FE simulation
Information on fibre orientation necessary
Injection moulding simulation
or clustering/segmentation of specific regions

Adequate material model necessary

In flow orientation

min

Seite 4

\

~ Fraunhofer

LBF



Evaluation of Typical Fibre Orientations
Injection Moulding of Specific Elements

m Assumption of typical fiber orientations in specific zones

M Specially developed flexible injection mould, for the analysis and classification of

specific elements

Plates of variable thickness with Interchangeable inserts: easy processing, low
production costs for new inserts

Variable Locking points: adjustable angle of flow

A LA/

screw bosses 0°

| | |
| rib, thick 0° | rib, thick 90° | rib, small 0°
9 | | |
o | | |
£ | | |
% | | |
X - | | |
o | | |
E | | |
gI
5 » Anisotropy distribution has to be taken into account in material modelling
0
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MATERIAL CHARACTERIZATION
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Material Selection

B Materials
PPA: Polypropylene (MOPLEN HP500N) + additives
PPGF30%: PPA+ 30% glass fibres (1 < 1 mm,D~13 um)

Compouded in-house, identical additives in matrix material and
composite

Fibre influence distinguishable

B Distinctly different orientation states:
Plate ((J): non UD
Flat Bar (0): ~ UD
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Mechanical Testing

B Optical measurement of local strains: Grey-scale-correlation

M Quasistatic and dynamic testing speeds, T 23°C

Tension Shear

Bending Failure surface afalysis

2018.01.03_4aT172018
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Mechanical Testing

® Optical measurement of local strains: Grey-scale-correlation (3D DIC)

M Quasistatic and dynamic testing speeds, T 23°C

H [ [ [ [ [ [
min measure of deformation max
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Mechanical Testing

® Optical measurement of local strains: Grey-scale-correlation (3D DIC)

M Quasistatic and dynamic testing speeds, T 23°C

H [ [ ] [ [ I |
min measure of deformation max
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Mechanical Testing

® Optical measurement of local strains: Grey-scale-correlation (3D DIC)

M Quasistatic and dynamic testing speeds, T 23°C

[ [ | [ [ I |
measure of deformation max
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Experimental Results
Mechanical Behaviour of PPGF30

B Anisotropy

M Strain rate dependency

M Load type dependency (compression-shear-tension)

true stress / Nmm 2

PPGF30, Source part dependency

—o— PPGF30°7, 0.0°

—<— PPGF30*0, 0.0°

-#-- PPGF30AC, 90.0°
PPGF3040, 90.0°

longitudinal strain / —

true stress / Nmm 2

PPGF30, Strain rate dependency

~&— 1.0 mm/min
—— 0.1m/s
—— 1.0m/s
-#x- 3.0m/s

longitudinal strain / —

Von Mises stress / Nmm 2

PPGF30, Load type dependency

—— Compression, 0.2 mm/min
—%— Shear, 1.0 mm/min
—&— Tension, 1.0 mm/min

main strain component / —
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Experimental Results

MiC

B Automatic Algorithm LBF GF-DETECT: analysis of uCT data

rostructure

3D representation of each fibre (I, D, Position, Orientation)

Description of orientation state of fibres by orientation tensor

® Through thickness distribution

PPGF
1

Planar
orientation /-

Spatial
orientation /-

Anisotropy
degree /-

0

30, Plate orientation distribution
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MATERIAL MODELLING
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Material Modelling

Overview

B Section/layer identification from CT data -> derivation of a material modelling

layer

M For each layer: derivation of mechanical characteristics from orientation tensor

MCT analysis / Layer identification Simple material model that directly takes into Materialcards Laminate-
fibre data account local anisotropy structure
"\
IIII’ ..* S
.~ Mat. Subsec.:1_
S ——
EEEE ’ —
EEEm } ’
/ damage
Directly usable By analysis of elasti
for eigenvalues and
micromechanic eigenvectors strain
al modelling! (implementiert: Ls-Dyna)
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Modelling of Linear Elastic Behaviour
Overall Homogenization Scheme

£
B Taking into account orientation/ aspect ratio distribution <
- s L\ UD L f ~m ,f s
Virtual decomposition: (€)™ = fGv,CMC 5
Morl Tanaka E
Homogenlzatlon of ub Gralns
o Voigt
2
5
M
S
5_ al}kl
® Virtual Alignement =—ep Orientation Averaging
R [Tucker 1987, 1990] Seite 16
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B Fitting of micromechanical SAMP yield points at

Modelling of Plastic Behaviour

® Transition from microscale to macroscale at yield surface

relate matrix yield stress to effective yield (Stress concentration tensor)

SAMP yield function for matrix phase
(078)*—Ao — A1p — Ap* <0

Yield Surface

. e ﬁt_ted Tsai-Wu model _

arbitrary stress states to Seloced yickdvanes S

macroscopic phenomenological yield surface
Tsal Wu ¢ = Fiai + Fijaiaj —1=0

Will reduce to SAMP yield surface
for the case of zero fibre volume fraction

(03]

Anisotropic and asymmetric

P (0, &1, Y213 Ye11213 Yo 231131120 Yo 23)13112) = O
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Validation of Micromechanical Model

B Reasonable approximation of experimental results
over wide range of orientation degrees: (L1 =non UD, 0 ~ UD)

PPGF30, Tensile stiffness PPGF30, Yield stress
|
2 14 1.4
g [
T 06— I\ 58706 \\
£ 5 \ g
3,3 ‘ ) \
270 Zie ph 90° 270° Z( O 0 90°
\ ‘ / \\ \“ //
\\ \
3| }] N /D
N 'S > \\ =
~SE7 \ &
315° ol S 315° \o/ ] Exp. PPGF30°C, P2
O Exp.: PPGF30*0, P2
0° : 0° Micromech. Model: PPGF30A0, p2
X-y-plane € ) X-y-plane — — Micromech. Model: PPGF304F, P2
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Modelling of Hardening
Phenomenological Approach

B Qualitative similarity of hardening curves (scalability)
m Definition of directional anisotropy comparison value é(A): ~Linear scaling factor

Correlation: scaling factor <-> anisotropy comparison value

Scaling approach Scaling factor Fitted data
1.6
O PPGF3040 0.0° (ref.) O PPGF30"Y, P2, 0.0 (ref.)
00 PPGF3040 90.0° v PPGF3047,P2,45.0
A PPGF3040 0.0° O PPGF30°2, P2,90.0
PPGF30°1 ,90.0° A PPGF30AL P2, 0.0
scaled reference curve 1.2 PPGE30A , P2, 90.0
vl T scaled (interpolated)
NE scaled (yield analogy)
g referenc Q I o o ©
P 5 2/ E
P 208 ) z
2 = ~
= =
0.4
! L .
—&— scale factor (interpolated)
0 yield analogy
0 0.4 08 1 1.2
plastic strain / — anisotropy comparison value / — plastic strain / —
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true stress / Nmm 2

Modelling of Hardening

Strain Rate Dependency

B Dynamic loading of different materials, parts and orientations

Strain rate dependency depends on fibre volume fraction

Orientation, anisotropy degree influence ~negligible

PPGF30, Strain rate dependency

) —=— 1.0 mm/min
T —— 0.1m/s
Y —— 1.0m/s
== 3.0m/s

longitudinal strain / —

G/0egs | —

Strain rate dependency (plast.)

—A— PPAD 0.0°

—e— PPGF30%0,0.0°
—— PPGF300 ,45.0°
—=Z— PPGF304P,90.0°

__0.0004 /s

———

effective plastic strain / —

Johnson-Cook:

Y(ep,€) = Yos(epr) * (1 + C(e)ln <§>)

0

Gsell-Jonas:

£ m(e)
Y(epr,€) = Yos(epr) *( )

€
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IMPLEMENTATION
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Material Modell Implementation
Validation with commercial SFRP (30% glass fibres)*

B  Implementation into explicit LS-Dyna usermat: Input of orientation tensor data via history variables

Tension

_A_sim: PPGF30 Plate W0

— - _B_sim: PPGF30 Plate W90

— e —_C_sim: PPGF30 Plate W45

— - D_sim: PPGF30 Plate W60

_E_PPGF30, P2,0.0

- - _F_PPGF30, P2, 90.0
7 _G _PPGF30, P2,45.0
- i _H _PPGF30, P2, 60.0

single-element-model

"
H
=
E i
£
«
- > |
£y
1 |
. Y-strain
Compression Shear
T 2 T
‘
~A_sim: PPGF30 Plate WO :
B_PPGF30, P2, 0.0, compr. | B 3rer30. 2,00, snear

2
£ 2
g £
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3

}
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SUMMARY AND OUTLOOK
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Summary and Outlook

Mechanical Characterization:
Self-compounded Material, injection moulded sample parts

Quasi-static and dynamic tests at different orientations and loads, y-CT Analysis

Modelling
Linear elasticity by Mori-Tanaka and Voigt averaging

Macroscopic yield surface from micromechanical assumptions 4 ) )
Plasticity model using empirical/ phenomenological approach | L

Simplified approach considering hardening, strain rate dependency and damage,
anisotropic yield surface and flow potential

Parametrisation methods are applicable to existing material models (mat157)

FE implementation
Explicit usermat, including micromechanical model

. Model segmentation
Outlook Material Model J

Simulation of coupon experiments » ‘

Integration of failure criterion

Application to segmented FE models Seite 24
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Thank you

Felix Dillenberger, M. Sc.

Group Mechanics and Simulation
felix.dillenberger@Ibf.fraunhofer.de
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