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Sustainable solutions for upgraded smart wearables
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WP5 — Development of digital tools for textile process & products

T5.1 Multiscale FE for textile & composite

T5.3 Development of ANN tools

Develop ANN reduced models for FE prediction to reduce the model
size developed in T5.1 especially for simulations involving 3D imaging
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Rl
SE Task 1 Multiscale FE for textile & composite

* FE-based multi-scale and multi-physics structural analysis
« Constitutive models between micro-meso, meso-macro scale
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Elementary fibre

Multi-scale modelling progress

Experimental data for
fibres & rovings
Semi-analytical
homogenisation of fibre
properties (Python)

Script based generation of
idealised yarns in Abaqus
(Python)

Models for idealised fabric
geometries

FPCM™ L,

e
© et | =2

Preforming Draping Resin Infusion Curing/demolding

Structural Analysis
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RISE (former stcomp) tools for composite simulations

= Liquid Composite Molding
» Path-dependent cure simulation
= Residual stresses and distortion

= Damage and failure of composites

= Physically-based model for kink-band growth and longitudinal crushing
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Preforming Draping Resin Infusion Curing/demolding Structural Analysis

FPCM™
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SE Composite Process Simulation

Preforming Draping

Compaction

Configuration

Lamination

FPCM™

University of | puuy o
ﬂs‘nolﬁold | Enere

Forming

(Co) Bonding

Squeeze flow

Volume Fractio
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Resin infusion Curing/Demolding Structural Analysis

Distortion/Warpage Damage Propagation

Deformation

Residual stress

Delamination
Failure

Saturation
Tool-Part Interaction

Mechanical
Performance
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SE an we model all these defects?

Production of
prepregs/dry textiles

3

Tow misalignment

)

L ) Shear . .
Boundary conditions Wrinkle strain
L e h'rm!ngf = deformation — L
uncertaintics draping variations
variations

v

Vaolume fraction/ thickness

variations
voids
. Volume fraction/ thickness T
f] nesting variations > Resin rich
Impregnation/consolidation Permeability Zones
\ variations
edge effects Volume fraction
variations
Resin storage, <
handling, \
. e Incomplete cure
composition
L Resin cure kinetics,
thermal, mechanical, Uncertainties in
thermo-mechanical cure Variability in Residual
properties stresses/shape distortion
Environmental/
Cure boundary Thermal degradation
conditions
uncertainties
FDCM17 Cure-induced voids
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Design methodology (2018)

Process simulation maturity | Mature |
Continuous Fibers: RTM Research |
_ Notool

Forming Compaction Infusion Demolding
. . .| Straight | Follow mold & No effect Slight effect No effect
Fiber orientation Shear
Draping’
_ ) No effect Mo effect Increase Decrease
Void formation
Flow Analysis ‘ -
Permeabhility No effect Decrease No effect No effect
Change Research Models
Residual No effect No effect No effect Increase
stresses Cure Analysis ] Research 1
Fibervolume No effect Increase No effect Slight effect
fraction Research Models ] Cure Analysis ]
FDCM17 1 Draping using fishnet meth odis industrially mature, butless accurate
O semnd | = FEM methods are accurate butimmature even from research point of view
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¢ RISE codes (Mohammad Roubhi)
e https://doi.org/10.1016/j.euromechsol.2011.06.015
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* RISE codes (Sibin Saseendran)
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Simulation Workflow
Sequential multi-step framework

Coupled Flow-

Deformation Cure/residual stress Damage&Failure

UEL
UEXTERNALDB HETVAL
UVARM

UMAT
UEXPAN

Pressure, Saturation Heat Flux, Cure Shrinkage,
Degree, Volume Temperature, Thermal Expansion,
Fraction Degree of Cure Stiffness Evolution

Damage Initiation &
Evolution, Failure

Key idea: Transfer physical state variables, not just geometry
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Sequential multi-step framework

Coupled Flow-
Deformation

Pressure, Saturation
Degree, Volume
Fraction

Simulation Workflow

Cure/residual stress

Heat Flux, Cure Shrinkage,
Temperature, Thermal Expansion,
Degree of Cure Stiffness Evolution

Damage&Failure

Damage Initiation &
Evolution, Failure

Transferred variables:
& - resin presence
* vy > fiber fraction
Used in cure model:
* Heat generation scaled with &

* Density & material properties from v * Material state: Glassy vs rubbery

Transferred variables:
* o —> degree of cure
« T - temperature
Used to compute:

e Glass transition temperature Tg = f(x)

Transferred variables:

e Stress field (o)

* Strain state

Used in damage model:

* Failure initiation criteria
 Damage evolution
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Flow simulation
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Cure stimulation setup

Z symmetry Y symmetry
2 i
Pressure
Contact
including
friction
Z symmetry
Width 100 mm
Height 100 mm
Length 20 mm
Radius 20 mm ~ X
ot Ply Thickness 0.3 LA AIDOFs locked | I .
Ylg Orientation [0,45,-45,90] BC2

EDCM™” Cameron CJ, Saseendran S, Stig F, Rouhi M. A rapid method for simulating residual stress to enable optimization against cure
Ol | =, induced distortion. Journal of Composite Materials. 2021;55(26):3799-3812. doi:10.1177/00219983211024341
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Degree of Cure

— .- Scaled with flow saturatio

Cure simulation results

Scaled with flow saturation

Pure Cure

U, Magnitude U, Magnitude
40.109 40.146
36.766 36.800
33.424 33.455
30.081 30.109
26.739 26.764
23.397 23.418
20.054 20.073
16.712 16.727
13.370 13.382
10.027 10.036
6.685 6.691
3.342 3.345
0.000 0.000

200

(Avg: 75%)

S, Max. Principal S, Max. Principal
(Avg: 75%)
9.318E+09 9.308E+09
8.535E+09 8.526E+09
7.753E+09 7.745E+09
6.971E+09 6.963E+09
6.189E+09 6.182E+09
5.406E+09 5.401E+09
4.624E+09 4.619E+09
3.842E+09 3.838E+09
3.060E+09 3.056E+09
2.277E+09 2.275E+09
1.495E+09 1.493E+09
712.940E+06 712.085E+06
-69.309E+06 -69.319E+06

Co-funded by
the European Union

VIEWS dllu UPINIONS EXPIESSEU dIe IUWEVET LIIUSE LI Lie autnors only and do not necessarily reflect those of the European Union,
the Horizon Europe or the HADEA. Neither the European Union nor the granting authority can be held responsible for them.




SE Structural simulation

Ongoing

Damage Initiation & Evolution, Failure

Transferred variables: v g

* Stress field (o) )2

* Strain state r R oe f

Used in damage model: @ \ 3 0

* Failure initiation criteria iy
« Damage evolution e 2
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ANN tool development
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Simulation Workflow
Sequential multi-step framework

Coupled Flow-

Deformation Cure/residual stress Damage&Failure

UEL
UEXTERNALDB HETVAL
UVARM

UMAT
UEXPAN

Pressure, Saturation Heat Flux, Cure Shrinkage,
Degree, Volume Temperature, Thermal Expansion,
Fraction Degree of Cure Stiffness Evolution

Damage Initiation &
Evolution, Failure

Key idea: Transfer physical state variables, not just geometry
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Thank you for your attention

Upwears.eu

Mohammad.Rouhi@ri.se

Mohammad Rouhi

@UPWEARS-project
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