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Prepreg compression moulding

Possible to co-process cheaper material
systems. Eg, SMC
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High level of automation Higher volumes

Prepreg stack Heating L _F_o_rm_irlg_ o Demould Trim and finish
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Defect

Process modelling is essential
to predict and eliminate
Forming induced defects

Fiber angle deviation

Wrinkles
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Development cycle

Full car structural analysis
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Forming analysis
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Deformation mechanism

Continuous fiber reinforced prepregs

Interply deformation
____________________ : Slip Separation

Intraply deformation
Fiber tension Ply bending Intra-tow shear
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Modelling Technique
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Intraply deformation modes
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Interply friction: State of the art

Stacked shell model in Hydrodynamic Lubrication
contact
Mixed Lubrication
Boundary Lubrication
A l Dynamic viscosity Sliding velocity
() . Y
14
v v T
Pressure

State of the art friction models —
capture dependency of

* Pressure

* Viscosity

* Slip rate
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Interply friction

What about the effect of fiber orientations?

M| is the primary material direction in Surface M
S| is the primary material direction in Surface S
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Orthotropic friction

*CONTACT _AUTOMATIC_SURFACE_TO_SURFACE_MORTAR_ORTHO_FRICTION

Implemented by Thomas Borrvall, DYNAmore Nordic

Parameters that affect Interply friction

» Difference in primary orientation of the consecutive layers (y)
» Direction of sliding (v)

= Slip rate

= Consolidation pressure

For a given pressure and slip rate, the orthotropy in friction is characterized by 4 values

TJ_ v P Tl Tv < v N s vT %l
AT T i | > Y i
Image from User manual[1] E Lo> m E L > m E m, < | | my<— |
| S > S | L > S| S > S| | S > S|
In order to capture the effect of u=FS1 S ©=FS2_S 1 =FS1_M 1 =FS2_M

pressure and slip rate, each of these
friction values can be represented by
*DEFINE_TABLE 2D TITLE
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Material testing MORE  Nono

Friction testing rig at KTH Test data
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Normalised data
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Example: Interply sliding

Angle between S| and M =0
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Example: Interply sliding
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Interpolation

1.25

Normalized Coefficient of Friction (l)
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Linear interpolation for varying angle
between S| and M with fixed v
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Correlation to physical tests

Experimentally obtained: Input values Normalised data

Interpolated values
Sliding direction

Fiber angle T
(0/0) (0/90)
— (FS1_8) (FS2_8S)
(45/0) (45/90)
(90/0)
N (FS1_M)

Satisfactory correlation is observed for both defined and interpolated cases.
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Virtual Demonstrator
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Virtual demonstrator

Process: Vaccuum assisted Diaphragm Forming
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Forming Forming & final consolidation
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Demonstrator geometry

Joggled beam to trigger defects

Stacking sequence = UD plies = (+45/-45/0/0),
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Diaphragm formin

2:d3plot : LS-DYNA gyword deck by LS-PrePost : STATE 1 ,TIME 0.00000000E+00
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Diaphragm forming

Section A-A

Section B-B’
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Demonstrator : Contact benchmark

*CONTACT_AUTOMATIC
_SURFACE_TO_SURFACE_MORTAR

No wrinkles
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Region of interest

*CONTACT _AUTOMATIC
_SURFACE_TO_SURFACE_MORTAR
with pressure dependency

Large wrinkles
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*CONTACT_AUTOMATIC
_ SURFACE_TO_SURFACE_MORTAR _
ORTHO_FRICTION

Minor wrinkles
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Sliding interface energies

Effect of changing stacking sequence Lay-up: (+45/-45/0/0)
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Summary

- Orthotropic friction with pressure dependence is implemented in a Mortar contact in LS-Dyna
- The model is evaluated against physical tests and shows satisfactory correlation

Virtual trials show were used to compare different contact formulations.

Next steps

- Investigate effects of different prepreg architectures

Correlation to physical tests on a Body-in-white component.
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B
Large wrinkle

Region of interest

C
Minor wrinkle



