Press Forming Simulation of a Continuous Fiber-Reinforced Thermoplastic
Composite

Numerical simulation is a powerful tool in manufacturing since it provides a lower
cost and faster analysis than actual trial-and-error testing. Press forming
manufacturing and injection molding simulation can be realized with many system
configurations including different boundary conditions and material set up.

Solvay presents a numerical analysis methodology that include the development of
an advanced material card for manufactured thermoplastic continuous fiber.
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Digital Material
(Material Card)
iS:
Free, Prefect and Instant
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1. Value Proposition

We allow the client to virtually
explore new manufacturing
solutions
We minimize the RISKS and
shorten the development time

Virtual Manufacturing
Simulation provides a
technology solution (not
just a material solution)
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1. Value Proposition: MSAC - Customer Engagement Center

MSAC
Application
Development

Consolidation
Stamp Forming
Overmolding

To Solutions
to our
Customer
needs

Part Testing
Virtual
Engineering
Data package

The Customer Engagement Center in
Brussels is the physical place where we

collaborate with our customers to develop
solutions and accelerate the market
adoption of thermoplastic
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In MSAC we can demonstrate the manufacturing of parts from tapes or In MSAC we work together with our customers to
fabrics by blank consolidation, stamping-forming and overmolding speed up the development of Thermoplastic

Composites solutions

Part prototyping

Blank formation, stamp
forming, injection &
overmolding, machining,
recycling, 3D printing

= Al data
stored in a Data
Lake

% Virtual Engineering

Advanced material - process -

Advanced mechanical testing
part modeling and simulation _ (fatigue, creep, aging, high-

speed multiaxial, NDT,....)

Testing

In MSAC we can simulate the whole process - prototyping, testing, in In MSAC we can evaluate the performance of parts using
service performance — using state of the art computational tools advanced characterization techniques
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FEA Set-up Constitutive modeling
& inverse analysis

in the molten state
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Virtual engineering framework Mapping

Coupling

CAD Modeling

Virtual manufacturing

1. Value Proposition: Virtual Engineering Framework

Large CAD/CAE expertise and
extended software portfolio for
maximum compatibility with
customers CAD/CAE
environment

Manufacturing simulation
Moldflow, LS-Dyna, Hyperform,
Abaqus, Aniform

S digimat

Constitutive / damage modeling

Coupled structural analysis . L *
& inverse analysis in the solid state
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Structural analysis
LS-Dyna, Ansys, Abaqus, Radioss,
Optistruct, ...

Material cards

Built-in models, Digimat, Genoa,
Solvay proprietary (V)UMATs
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2. Virtual

1. Laboratory coupon tests — molten state Laboratory models

4. Validation

Tensile Shear Bending Friction
Modulus Modulus Stiffness Coefficient

START

END

Month 1 Month 2 Month 3 Month 4
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Picture Frame: Experimental Test vs Virtual Test
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Finite Elements Method:
Manufacturing Simulation Challenges

1. Manufacturing Material Card (in-plane shear and interface) must include ——9 i

rate and temperature dependence

2. Manufacturing Material Card accuracy is achieved when mesh is aligned ”\
with the material fiber direction and with appropriate mesh size. ./

3. solvers must handle large, complex 3D geometries, with multiple "
contacts between many layers and highly materially non-linear problems
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mo WARAABABAREDA MM 3. Simulation and Correlation: Material card is mesh dependent

Fine vls coarse Mesh oriented vs mlesh not oriented

Mesh oriented Mesh not oriented
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1 t ﬁo sl L X L LYY 3. Simulation and Correlation: FEM codes agnostic

In some cases parallel explicit solvers appear to be very effective to
handle press forming problems with many plies, complex
geometries and large number of elements and contacts

* Thick composites, large number of plies

* Mutual contact between all different layers, as well as between plies
and mould surfaces (to account for ply slip)

e Bottom and top faces of the same layer are in contact

lllustrated:

Thick, complex lay-up showing
wrinkles, slip bewteen plies of
different orientations

Simulation was performed with LS-
Dyna on 40+ cores in less than 7h

EEEEEEEEEEE
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; 2020  THERMOPLASTIC COMPOSITES CONFERENCE 2020 3. Simulation and Correlation: warpage analysis

Warpage simulation steps

1) Manufacturing simulation mesh is retrieved
and inflated

Process for ASTH OHT simulation with aligr! =-
Define Stacking Sequence

2) Tie constraint is set between plies === —
3) Boundary conditions are set (free, blocked —— | Z=2=ae [ yeny
or contact-friction withtool) | Z& e | in Hypermesh
. .. ] N et | (tcl scripting)
4) Cooling is simulated using three different i Y
approaches:

1) Built-in orthotropic thermoelastic plies (built-in
LS-Dyna or Abaqus card)

2) Pseudo-viscoelastic orthotropic plies (UMAT) »"
3) Thermo-viscoelastic plies (Digimat) h-,-w

Spring-in illustration
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« Simulation Steps:

-

* Results:

- ldentify and design for regions of defect e.g. fibre deviation, ply-slip, wrinkles, fibre
tension, resin bleeding, in-plane waviness, ply split , thickness change

Contour Plot 1. LS-DYNA keyward deck by L

. . Contour Plot 1: LS-DYNA keyword deck by LS-PrePost
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Simple Average Elemental systerm

4. 38E01

1 000E-01 pr

7. 143E-02 1 2 RE+D
— 4.286E-02 S aME+DD
| 1.429E-02 3 ERRE+D

-1.429E-02 r 2 gOED

-4 286E-02 :

2 161E+I2

-7 143E02 1 A00E+02

-1.000E-01 5 I06E+01

-4 062E-01 Kt

Mayx = 4. 319E-01 Mo = B 7oBEHD
=-4.062E-01 ELEMENT_SHELL 3026239

de 9520646 :
= -1.225E+11
odg 11801877 EMENT_SHELL 2412238

NT_SHELL 2036287
tin = -5.568E-01
LEMENT SHELL 2030503

PRESENTED BY

08% Composites
Manufacturing

www.acmanet.org



f“ | %0 LY XL XYL LYY 3. Simulation and Correlation: Digital radiography

* Robotized specimen handling for small and medium
size parts

* Micro-focus X-ray source (150 kV, 75W)
e Size: 7 to 50 um with divergent beam of 43°
* Magnification (from 1 to 10) depends on the
position of the test specimen between the
source and the large digital detector

* 14-bit digital detector:
* 43cmX43cm
* 3072 px x 3072 px (pixel size: 139 pum)

* Computed Tomography (3D scan):

* voxel size between 20 um and 120 pm
e CT-scan time: 30 min Evidence of Internal
cracks in a thick part
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Step 1 Step 2 Step 3 Step 4
Design Simulation Correlation Structural test & NDT
( ) )
| Impact test on
nverse part with high
Drape speed camera
Analysis
Generic
Demonstrator ;
| Infrared thermography
Fibre Shear showing debondlr?g of
overmoulded rib
\_ ) \_ stresses angles ) \_ )
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