LABORATOIRE DE THERMIQUE

ET ENERGIE DE NANTES

Numerical simulation of thermoplastic
compression moulding complex
shapes.

Arthur Levy, arthur.levy@univ-nantes.fr

Laboratoire de Thermique et Energie de Nantes

UNNERSITE DE NANTES

@ O oCommcrs ©ARBUS



mailto:arthur.levy@univ-nantes.fr

Répen

Nantes HAVS DE LA LOIRE

LASHLS (R

UNIVERSITE DE NaNTES ~ C& M irale



A Composite hub in France

4 . I 4 .
Industries Academics
@; AIRBUS AIRBUS Piad
LUNIVERZITE OF NANTES NMINES
'DAHER STELIA<
m
g =ech {//';Jclol'!‘l::l.l‘ltz:- L.'i'?z :1’;?.: ‘ ’ca m
\ J \
4 . N\
Institutes
(2 21|V, [OFE Tochnocampus




- Laboratoire de Thermique et Energie de Nantes (LTEN)

UNIVERSITE DE NANTES




N Composite team

Didier Delaunay  Jean-Luc Bailleul  Vincent Sobotka Nicolas Boyard  Steven Le Corre

LEY




Numerical simulation of thermoplastic
compression moulding complex
shapes.

Uy e

Arthur Levy, Vincent Sobotka, Steven Le Corre, Maxime Villiere

A @ oD e oCoamces @ AIRBUS

5
ACCIS Process simulation meeting - NCC




" Composite use in aeronautical industry
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Increase part
complexity and
dimensions

o\l &

Ultra-thick laminate Airbus

* Intricate parts
« Thick parts

\
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Today’s challenges

cost

Plastic Omnium

« Fast and efficient cycles

\- Out-of-autoclave

/c e )
Reduce manufacturing

)

N # Compression moulding of thermoplastic composites
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" Thermoplastic compression moulding
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Procedure g Complex temperature cycle h
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Motivation
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exotherm | Heat transfer
thermal
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Crystallization Mechanics
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Prediction of heat transfer and crystallization.
Understand / control / optimize the process
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B Outline

1 - Physical
modeling

2 - Material
characterization

3 - Numerical
simulation

Experimental
validation

4 - Industrial results



Modelling

1 - Physical
modeling

2 - Material
characterization

3 - Numerical Experimental
simulation validation
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Framework
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Physics involved
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Heat transfer

Homogeneous transverse isotropic material

IOCp — =V - ()\VT) —+ pm¢m
/ 8 t ! 7 (9t
density X Thermal conductivity
Specific B 0 0 Cristallization
heat A= 2 tan o] heat
0 A

Initial condition

q isotherm / molten

Boundary conditions
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Real cycle NS |
measured i ‘;;;j‘

experimentally
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1 Crystallization kinetics

o be solved
at each
ocation

O

da °
Nakamura law : — = nK, (T)g(a)

A

Nakamura exponent (| : A
(n=3) Nakamura function

1

(1-a)(—In(1—a)' "
N\ J

Kinetic function
e |nitial condition : molten (a(t=0)=0)
“ [Nakamura et al. 72, Tardif et al. 14, Quinlan 11]
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Characterization




Crystallization kinetics

7 =K (D (@

Avrami index

Kinetic function

Published example : PEEK

4

iture
[Tardif et al. 14]
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R Thermal characterization
pcp%—]t1 =V @T) + pmgme&a—?

Thermal conductivity

Challenge: up to molten state rp 0 0‘
A= Aptan 0

2‘12

\/f/’ A
Guarded hot plate Home made setup
SLALOM

"~ micainsulation
—— composite sample

—— thermocouple
—— mica frame

~— confinement goal : enhancing in-plane heat
transfer
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R Modified guarded hot plate
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N SLALOM device

context : inverse method

large in-plane temperature gradients

heating

heating




B Inverse method

Numerical simulation.:
E ;

\ 4

Parameter set Error estimation
A bT 5
plan = A+ _& 5
TCR n 2 2 (Trum = Tezp)
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Simulation

1 - Physical 2 - Material
modeling characterization

3 - Numerical

Experimental
simulation validation
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Small parts

Comsol Module

W

v %) Component 1 fcomp 1)
» = Definitions
v % Gecometry 1
Rectangle 1(r1)
Form Union (fin)
> 223 Materials
I= @3 Crystallization Kinetics (ck)
» | @ Heat Transfer in Solids (ht)
A Mesh 1

P~ Study 1

: Available for free h

O

https://

github.com/arthurlevy/ComsolPhysics

)

[Levy 16, COMSOL; Levy 17; Levy 17, JEC]




R Thick part difficulties

Crystallization front

[Mat & Zubeldia 14]
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" Implementation Framework

Standard P1 finite elements
Strong coupling using mixed field (T,a)
Nonlinear solving

Implicit time integration w/ adaptative time stepping

( Prese nt WOI‘k \ /Einite Blement SOI\"Q
Houndary ) [{ ;
conditions

FreeFem++
Materia — 3
propcrtics

( Poast-freatment \

FreeFem
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Application

1 - Physical 2 - Material
modeling characterization

3 - Numerical Experimental
simulation validation

! 4 - Industrial results §
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Presented studies




Application

SD demonstrator
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Temperatures

Industrial geometry not shown here.

Test case : Thermal shock on a block.

Temroearue
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Crystallization

crystallinity
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Application

2D study
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Crystallization

Degree of crystallization
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in the domain
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S Continuous cooling diagram

Imposed temperature (°C)
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B Conclusions
(Multiphysical modelling of composite processing

Specific material characterization techniques

Simulation tool 2D+3D

Parametric study, design chart

— N

Better understanding of the process
T
L
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Application
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Contrainte de Von Mises (Pa)
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3 Standard numerical methods
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Discretization
Spatial :

Finite elements
Pl approximation

Unknown:

\_ {X} — <T17T27 "'7Tn7a17a2

.....

Temporal :

Iterative scheme
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S Temperature (°C)

Experimental validation

== == |hermocouple

Simulaticn

Embedded thermocouple in industrial part
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