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Natural Fiber Reinforced Polymers

Design &
Manufacturing

Sourcing Global Warming
Potential (GWP)

Recycling

End of Life

Natural Fiber Reinforced Polymers
(NFRP)

Advantages

= Regional, renewable resource

= Low GWP, density & costs

= Good energy absorption (crash)

Disadvantages

= Low mechanical properties
=  Poor matrix-fiber bond

=  \Water absorption

=» Mostly used for non- and semi-
structural parts, e.g. panels
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Design of NFRP with Tailored Carbon Fiber Reinforcements

Carbon fiber Natural fiber
UD tape base lamina

Design variables

=

Position of Layup of
CF UD tapes base lamina

Design objectives

-

Sustainability

Stiffness Strength

\

Challenge

= Large design space with many variables

= Trade-off between low amount of CF
and mechanical performance

Solution
= Optimization methods can be used to
explore the design space

However — High computational effort
= Evaluating a large number of design
variants requires many simulations!
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Optimization Method

Interface
Parameter

Geometry
Load Case
Material Data

/Material Properties

= Linear elastic

= Orthotropic

» Plane stress
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= Damage initiation criteria, e.g. Hashin
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Optimization Method
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Optimization Method
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Optimization Method

Math. Model
¢ Python
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Optimization Method

/Optimization of Material Design

[Anisotropic material\

Optimization
e Python
Math. Model Math. Model

—— J: Strain energy

Parameter

e Python & Python

} FE simulation
J5: Hashin values

Optimized

Material Design J,: Sustainability Based on design variables

Objective Function: min ] = a,/, + a,/,
Constraint: /, < 1
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Numerical Example

O Desi for CFt Setup
esign space for apes
788mm In sp P Approx. 10300 elements

6 NFRP layers (constant)
Symmetric layup
Min. tape width: 10mm

Differential evolution algorithm
Population size: 100
Max. iterations: 600

Objective Function: min ] = a,/, + «,/,
Constraint: /, < 1




Numerical Example
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Numerical Example

Reference: All tapes a, = 0.75,a, = 0.25 a, = 0.60, o, = 0.40 Reference: No tapes
O O O O
A
> X
Parameter Jl [anm} J2 [CH12] Uy [mm] Hg‘ber [_} H{?ber [_] le:a.trix [_] Hga.trix [_]
All tapes 4.295 1403.1 -0.09 5.1e-4 1.2e-3 1.4e-2 1.1e-2
a = 1[0.75,0.25] 6.456 541.5 -0.14 4.0e-4 9.3e-4 1.4e-2 1.4e-2
a = [0.6,0.4] 7.517 182.6 -0.16 4.2e-4 9.7e-4 1.9e-2 1.1e-2
No tapes 9.082 0.0 -0.20 6.7e-4 1.4e-3 1.8e-2 1.9e-2
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Conclusion & Outlook

= Method for the simultaneous optimization of Many FE simulations for one iteration
NFRP layup orientations and configuration = = High computational effort
of CF tapes

= Supporting product developers in finding trade-
offs between part stiffness and the use of CF

Investigation of other optimization algorithms
= Bayesian optimization
= Response surface

Machine Learning approaches
O = Graph Neural Networks
= Predict stiffness of reinforcement configuration

3d shell structures and multiple load cases

-
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Outlook - Graph Neural Networks (GNN) for Simulation

General Concept

Application to Case Study

p— (
=—] Dataset: FE simulations m Encoding as graph
= Element-wise
Approach 1 ﬁ calculation based
on lamina theory
— 05
= — & — — [ B
= displ. B D
Approach 2
Separate model for predicting
displacement and stress field
9 L] L 6
) | displ. =>» Different encoding of graphs!
L. ? Model for u:
Prediction Tasks . = o = Graph node 2 FEM node
Input: Graph ‘
Graph-level prediction @ — Model for &
i (eg mechanical stress u Graph node & FEM integration
/ compliance) point
Node-level prediction
(e.g. displacement or stress values) ﬂm\ pyG Implemented with PyTorch Geometric
y \.}"
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Outlook - Comparison of Approaches

Calculation of stress based
on lamina theory and

@ predicted displacements
i leads to large errors

or both ] despite small deviations in
Dataset for bot approacnes: the disp|acement_
CFRP Iayer (tape) ‘ 5000 simulations with various

NFRP layers lamina layups and tape positions @ GNN Approach 1

- Stress in 1-Direction

CFRP layer (tape) (First Ply) [MPa]

40.7-
/ T
/e e e e R l
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/ F
12.5 -
/
/ 1 £ + i SRRt 00-
Model Setup FE Simulation '
NFRP base (Ground Truth)
lamina

@ GNN Approach 2 156

Using separate models for solution variables (displacement) and their derivatives (stress)

leads to more accurate results.
However, more computational effort is required (training of multiple models).
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