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Motivation

= Composite material as an important material for the industry
= Complexity of the geometry
= Development of fast, reliable, cost optimized manufacturing

= Reduction of the research development time

II- Manufacturing process simulation (MPS)
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CHAMAELEON: Description

= Combination of COMSOL and Matlab features

- GUI from Matlab
- Solving a field problem in COMSOL

) CHAMAELEON BEE
= Flexibil |ty CHAMAELEON | Geomeiry Mterial Formula Resut |
CHAMEALEON is a tool for composite user.
. H Composites consist of two different materials
- MU'“Scale mOde“ng - an embedding phase (e 9. palymer matrix) and

a reinforcement phase (e.g. Filler, short or long fibre).

........................................

- Parameterization

’ r;x\(\fﬂ);

REV: Representative Parameterization
Element Yolume

= Numerical homogenization

capy right by @'IU Clausthal
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Geometry: Multiscale Modeling

- Macro Level -

CHAMAELEON | : Material Formula Resuft |
— hulttizcale

e~ .
LR Laminate Macrolevel
= ™ Micro_pure Fusion of the material properties
Taol in the laminate

™ Micro_merge
Brsin

Micro_pure:
Strict borderline betvween the fibre
and the matrix

= Micro/meso Level

hicro_merge:
Particial fuzion of material properies

hends zane

Chooze one level using the radio button

REV:
Representative
Elementary = Cancel
Volume
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e L] L]
Geometry: Parameterization
) CHAMAELEON -
""""""""""""""""""" H CHAMAELECN Geometry haterial Farmula Result |
M) wersbenn,, T ()
- & — Multizcale — Micro_pure
H ’ " Macro L )
){ __________________________ _ Resin Microscale function
RO N { Micro_pure describes & combination
B _ r of a =ingle fibre robe
.................................... " Micro_merge ambedded in a rezin cell
Fibre Both the area of the RVE
[0 and the fibre valume
caontent (phil are
changeable depending
¥ an the packing density
|
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Plat

) Packing density — Dimenzian —
i 05
(" Hexagonal ~ a0
ES 00020 [mm]
i Guadradic i~ 3D
Yy 0.0020  [mm]
Cancel
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Material properties

" Packing density D cnmeieon __________________HEQ

Hexagonal

¢_max=0.91

Quadradic

CHAMAELEON | Geometry | i Formua | Resut |
— Fikre — Matrix
tho | 1740 [kaitn] tha | 1260 [keyime]
cp 71 [Mkgh] cp | 1260 [Jkghe]
k | 25 [Wfimib] k 0467 [iiimki]
Plot Cancel

¢_max =0.79
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Formula
= Environment for ) CHamagten P
. CHAMAELEON Geametry Material : : Resuft |
physical problems
KamalSourour: — Reaction kinetics
alpha_t=(k*alpha®)* (1 -alpha)*n
& [1is]
= |nterface between with k=atexp(-EART) [Arrhenius] 127500
COMSOL and Matlab R=8.315 Jimalk : 63400 [imal]
Desription:

Curing reaction of resin depending on the
fikre contert and the material properties

[0 0.4 [-]
I 241 [-]

h 550000 [Jikg]

Solver time t 1:10:60% 00 [=]

[ztartinc:end)

Plat

Cancel
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Formula for thermal properties

" Rule of Mixture

- Density: pr =V *pr +L-v)* p,
.. 2“flﬁ‘m
- Therma! Condl\.ﬂct!\vl! l..\l: Iﬂv' :\vl F *Iﬂv' + (1_\1!' \*lﬂv 2 =
J 1 f f \0 7 m? ™
ViAdn +Vdg

- Heat Capacity:

Cpl -

= Curing kinetics

‘fj—‘j‘:(k-am)(l—a)“

with
—E
k=A.-exp(—
p(RT)
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Vf *pf *Cpf +(1_Vf)*pm *Cpm

Vi *pr +(1-Vi)* oy,

KamalSourour

Arrhenius
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Use of COMSOL

= Equation
- Heat transfer by Conduction:
dT
PC, E—V'(kVT) =Q

- PDE general mode for implementation of the KamalSourour equation

2

S g M vrF
oz ot

with

e=0, d=1, r=0 and F=(Kk-a™)(1l-a)"
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Results

= Numerical homogenization
- Analytical

20
_y\ * *
A =V +(1-V)* A, o o
=
- Numerical: < 15l ®
Thermal conductivity from < ®
the heat flux equation: 2
o @
. 3 10F
q=-A-gradT 5 ®
@)
Implementation in g 5 ®
COMSOL.: E O numerical
Subdomain Integration: "~ 0 | | | * analytical
0 0.2 0.4 0.6 0.8 1
||~ /1 ~ — ﬂUX/ gradT fibre content ¢
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Results

" Influence of exothermic reaction
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Conclusion and outlook

= CHAMAELEON especially designed for user with interest in:

- Fast investigation of the influence on global laminate properties
- Optimization of the process parameter
= Principle of CHAMAELEON extensible to other physical area such as:
- moisture behaviour,
- electrical or
- mechanical properties

= Intention of 3D illustrations considering the growing complexity of the

geometry
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