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Natural fibers

animal: silkworm silk, spider silk, wool
plants: cotton, yute, wood

cellulose
Synthetic
basalt, quartz, glass
aramid
carbon
carbon
nylon, polyester, polyethylene

PBO
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A real industrial example:
the lighting impact problem

High strength structural composites with improved electrical conductivity

*To push up the current performance limits of composites
*To integrate innovative functionality of composites
*To develop material concepts and their manufacturing routes
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RTM&Infusion

Processing 1 Vacuum Bag & Autoclave

Processing of High
Performance Composites

Structural Integration

Processing of High Perfomance
Nano Composites |-

Processing of Advanced
Carbon Fillers

Nano Carbons reactors
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Performance ]

Structural Composites for Impact Applications
Open Rotor Programme

New frontiers of Structuralw
Performance

Blade Release

UERF Small Fragment

Development of lightweight shield configurations

Ice Impact

Copyright ® 2007 - 2024 IMDEA Materials Institute. All rights reserved



minstitute UNIT
ul \ e a OF EXCELLENCE
MARIA

materials ) DEMAEZTU

CNT FIBRES AS REINFORCEMENT

Fibre properties
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Micro, Meso and Structural

EVALUATION OF FAILURE MECHANISMS mechanics of composites
IN-SITU SEM TESTING

e~ nm 80X o V 10000 X

“Plastic shear

Damage triggered at the microscale

Copyright ® 2007 - 2024 IMDEA Materials Institute. All rights reserved



L UNIT ‘ \
OOF EXCELLENCE ‘ Micro, Meso and Structural
EI dea R Structure T .
aterials ) DEN mechanics of composites

MATRIX CHARACTERIZATION POLYMEE;W“ Instrumented Indentation
MATRIX COMPOSITES mw,

P l e

Loading

Load, P

Material
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Displacement, h

Load

FEM simulation

Displacement
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Processing

Micro, Meso and Structural
mechanics of composites

4D tomography

Damage assessment

{7

processing of composites
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Optimization of OoA
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In-situ infiltration —
microflow investigation

3D microstructure of
biomass

Void evacuation in Out-
of-Autoclave Prepregs

Multiscale XCT for
damage evaluation

Analysis of impact
damage
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MINI VACUUM BAG [+45/0/-45/90],

INTERFACE 45/0
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VIRTUAL
PROCESSING
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preforming/draping

5 curing
Virtual Processing}

of Composites
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Virtual Testing of 1

VIRTUAL Composites

TESTING

structural mechanics
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0.00

UERF 1/3 Disc

UERF small fra
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SIIMULACION IJDEL IMPACTO DE PAJARO
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High cost of processing disturbances (waste materials, inspection, repairing)
Use sensor information for diagnosis and/or corrective actions.

ensor ‘G@§
Infosrmation? ‘ ‘!‘i\

|25

Process Manufacturing
Disturbances Process

* Diagnosis
e Corrective actions

Expert

, System

[ Inspection ]
\ Reject?
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“ Low cost as compared with autoclave
@ Sensible to void formation

— <«—— dryfabric ——
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1. Preform manufacturing

— A

2. Lay-up and draping 4. Resin injection and cure

=S

3. Mold closure

RTM (Resin Transfer Moulding) is a complex multi-physics problem:

Impregnation phase -> porosity & dry spots
Curing phase -> lack or excess of cure
Residual stresses -> spring-back effects
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Inhomogeneous flow is Regions with low velocity produce
responsable of dry-spot larger voids (outlet)

formation (race-tracking)

Exit-Port

IR

DETECT
LOW VELOCITY
REGIONS

I

Excessive Voidage Area

N
.
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254 mm ’ 3 Lo 10mmf

ERe o=

A Inlet POl:t

Hamidi & Altan, Intern. Polymer Processing, 32, 2017
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FluidAl

SIMULATE FAST

Virtual Processing
* OpenFoam (CFD)

» Pressure field

* Flow evolution
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LEARNING
INPUT DATA pressurefield p X, t
RT length, position, strength SYNTHETIC FIELDS

Pressure, Flow Evolution

|§QI A deep encoder-decoder for surrogate modelling of liquid moulding of composites, EAAI, 2023
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Enable cloud calculations

T Thousand of simulations without computational cost
S Bridging Virtual Processing close to the end-user

SIMULATE FAST

Ve 8800080820 mVE
L
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THE DIGITAL TWIN PYRAMID (Phua et al., 2022)

® INTELLIGENT o

® Autonomous optimization of print
parameters using machine intelligence
CONTROL

- Modulate the physical system based
_off sensor data and model predictions.

® INTERFACED

SENSE
Observe the physical systems with
sensors and use for model prediction

® INSTANTIATED

Visualise and model virtual changes to
the system

ManuAld

NS
2 ['e)

[C=—=]

ENABLE DIGITAL TWINS
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AG E NT * Record the best injection steps

to maximize reward

Injection decisions:
Opening/closing
gates
Increasing/decreasing
pressure

Optimize:
Lower porosity
Lower injection time

Environment

MANUFACTURING SYSTEM
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CONSTANT PRESSURE
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THANKS !!

www.materials.imdea.org
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