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1. Introduction. Meso-scale modelling of textile composites
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Hierarchy of scales: nano — picro | DRESHE

1nm Molecular dynamics:
interaction CNT - polymer
10 NM
CNT bending
100 NM
1um
CNT on the surface of

a carbon fibre
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Hierarchy of scales: picro — meso %55“"15
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> m—Y failure
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FE model of a composite aeronautic part
100 mm

Root Joint Geometry frozen
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Integrated Design Tool: textile composites ﬁssglals

Internal architecture of the reinforcement

Production i L il
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WiseTex: Virtual textiles/composites ?-3551315

meso-FE

Internal geometry: textile unit cell

Euf-' WeftKnit

G 88 =
woven (2D and3D)  braids g
N

Composite micromechanics

(fast stiffness calculations)

) i TexComp

| laminates
weft-knits CF L

Permeability

~— Virtual reality
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WiseTex worldwide s

licences:
<+ industrial (11)

<~ university (35)

KU LEUVEN

20.03.2014 3. Fachkongress Composite Simulation - S.V. Lomov



omposite

Meso Level Textile Preprocessor data B
flow

Specifications
and
measurements
R Permeability
] || model
Textile v
processing Texil
model dzi(e?(?l'EX) — ‘ | Geometrical / ‘ Micromechanical
MLTP model model
(GEO)
Specifications Textile
and deformations > meso-FE
measurements (DEF)
Thermal,
| | electromagnetic
etc models
Composite
processing
model

KU LEUVEN

20.03.2014 3. Fachkongress Composite Simulation - S.V. Lomov




[®omposite
(llaterials

WiseTex 3.0: data open to a user

[#-Hexce-80%

Geometry model READY @
Data |G9Dmelry 3D Image CumpressiunlIn-planedefurmatiunl

WiseTex

R il 2-2 LD Types (right click to edif)
ASZC-3K 200 tex u
Wam  Set Set | Welt
SOftwa re T, AZ2C-3K 200 tex O [TAzEC IR 20D ex u
{4 . ” . 2 AS2C-3K 200 tex 0 |2: AS2C-3K 200 tex n
[ ) rT'l rT] d l 3 AS2C-3K 200 tex |3 AS2C-3K 200 tex n
CO an l ne Ve rSIOn 4 AS2C-3K 200 tex |4 AS2C-3K 200 tex u
bty Open
[ Spacing, mm [ Modelling option
1 00! Warp 1 [enoo et Crimp
n ne &
n Equal 2.000 mm nnr Equal 2.000 mm Smart
nn nnr
XM L. @ User defined (% of max)
.
Setequal to; Setequalto "S\de crimpr
.  Smart " Maximum @ MNeglected ‘
textile data F s F e “"
Accepttable I 2 mm I Accepttable I 2 mm I [ Compute yams compression in relaxed state
Fahric relaxation factor (0...1) i
v rimp interval for 30 modeling |20
clal bl with 200 AT A0
level (relative error in crimp) 0.001

XML: fabric

scripting: geometry

e parametric studies

* look-up tables (e.g., shear
angle)

custom
software
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Wise Tex 3.0: scripting Lo

WiseTex 3.0:

WiseTex command line script

or custom

exCompCL "W-Hexcel\W-Hexcel-45.wfa" "HUN_matrix.xml1" "wW-Hexcel
W-Hexcel-45_stiff.csv" /nl
SOftware TexCompCL "W-Hexcel\W-Hexcel-50.wfa" "HUN_matrix.xm1" "w-Hexcel
\W-Hexcel-50_stiff.csv" /nl
TexCompCL "W-Hexcel\W-Hexcel-55.wfa" "HUN_matrix.xml" "w-Hexcel
\W-Hexcel-55_stiff.csv" /nl
TexCompCL "W-Hexcel\W-Hexcel-60.wfa" "HUN_matrix.xml" "w-Hexcel
\W-Hexcel-60_stiff.csv" /nl

e “command line” version

New possibilities:

~_ VYV
XML:

textile data

JC : \Lomou_OLD\2011\Current work\Projects\HIUOCOMP\WP3 HIUOCOMP\D3.11 Meso-struct
Jural model\D3.11 FILES\WiseTex, TexComp>TexCompCL “lW-Hexcel\ll-Hexcel-45.wfa"
UN_matrix.xml” “W-Hexcel\l-Hexcel-45_stiff.csu” /nl
read: W-Hexcel\l-Hexcel-45. wfa
/_\ read matrix:HUN 2.5 0.4 1.2
results written: W-Hexcel\W-Hexcel-45_stiff.csv
\_’/ C:\Lomou\_OLD\2011\Current work\Projects\HIUOCOMP\WP3 HIUOCOMP\D3.11 Meso-struct
ural model\D3.11 FILES\WiseTex, TexComp>TexCompCL “li-Hexcel\lW-Hexcel-50.wfa" “H

XM L. fabric UN_matrix.xml” “W-Hexcel\lW-Hexcel-50_stiff.csu" /nl
° read: W-Hexcel\lW-Hexcel-50.wfa
read matrix:HUN 2.5 0.4 1.2
geometry results written: W-Hexcel\W-Hexcel-50_stiff.csv
Scripting' C:\Lomou\_0LD\2011\Current wWwerk\Projects\HIUOCOMP\WP3 HIVOCOMP\D3.11 Hesc-struct
° ural model\D3.11 FILES\WiseTex, TexComp>TexCompCL “lWi-Hexcel\lWl-Hexcel-55.wfa" “H

UN_matrix.xml” “W-Hexcel\l-Hexcel-55_stiff.csu” /nl
read: W-Hexcel\lW-Hexcel-55.wfa

read matrix:HUN 2.5 0.4 1.2

results written: W-Hexcel\W-Hexcel-55_stiff.csu

e parametric studies

C:\Lomou\_0LD\2011\Current werk\Projects\HIUOCOMP\WP3 HIVOCOMP\D3.11 Mesc-struct
ural model\D3.11 FILES\WiseTex, TexComp>TexCompCL “W-Hexcel\ll-Hexcel-60.wfa" “H
UN_matrix.xml” “W-Hexcel\l-Hexcel-60_stiff.csu” /nl

* look-up tables (e.g., shear
angle) custom
software

KU LEUVEN
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2. Internal geometry of textile composites and meso-FE models
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warp crimp interval k

Mechanics of yarn interactions

weft crimp interval k’

N

,,,,, weft crimp interval k™’
J

minimum energy:

w, =y B e )F[ . j+ > B (Kj’v’f)F[ i ) > min

Wa Wa We We
ik P Pix jlk Pk D ji
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Generalised description of yarns
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Unit cell:
dimensions X,Y.Z
number of yarns
Each yarn:

set of segments

The same description is used for a deformed textile
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Each segment:
e direction

e curvature

* two dimensions

- average Vf

S.V. Lomov
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Visualisation and uCT validation

MCT: llya Straumit
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Transformation into FE model

™ woven fabric: Example.wfa o [ 3

|HSFPP Gieometry modsl READY &

Data | Geomety 30 Image | Compression | Irvplane deformation|

Show yams:

= Abaqus/CAE 6.11-2 - Model Database: D:Lomov'Current woi

[Z] File Model Viewport View Instance  Constraint  Featurs
DTESf e RRN B AR T4 @USILESSFTIT o0 oR.E
T T LT

(= User defined aye position

[~ Enable cross-sect

drglewith 2, deg |53 FremeK " Fom & Fran-Z Model | Resuts | Module: [T assembly ] Model: [Smodeiofuriecell | steps [l +]
£ i  From-¥ ¢ Fom-Y ¢ From-Z Origin % of repeat din = .
z - el
deimits gl wih VL oo [37 o oo || XY |5 Model Database = S,
Accept | © Oblique ¥ Boundaries Momal angles, deg: [ &8 Models (2] an

Model-1
= MadelGfUnitCel

B Parts (4)
Yarm_L
= ¥arn_2
& Features (307)
b sets (38)
& Surfaces
@ Skins
d Stringers
ﬂ} Section Assignments (38}
e Orientations (38)
% Composite Layups vz A
ﬁ]g Engineering Features +2 .
[ varm_3 }-j I
[# Yarn_4 et
&2 lU@ Materials (2)
& E} Calibrations
B Sections (152)
[ Yarn_1_Segment_0 -- Yarn_1_Segment_29
[ ¥arn_1_Segment_30 -- Yarn_2_Segment_21
[ ¥arn_z_Segment_2Z2 -- Yarn_3_Segment_13
[# Yarn_3_Segment_14 --‘farn_4_Segment_5
£
B

m

H ‘arn_4_Segment_f -- Yarn_4_Segment_35

i 2
]V:rP‘ﬂ(_Segmantjs Varn_4_Segment_37 = 258 simMmuLIn

The model database "D:“LomowCurrent workKU Leuven~CMG~Seyyed Ahmad
Tabatabasy~WiseTex_Abagus_Transfer_Ezanple~Example cas" has besn opened

e2

[Blja

D.S. ivanov, S.A. Tabatabaei, 2013
20.03.2014 3. Fachkongress Composite Simulation - S.V. Lomov
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Resolution of yarn interpenetrations

po1=p11

I
po1=p11

Enrico Bedogni, 2013
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Embedded elements | DR

Validation on different scales

@ ) .
@ 3 e

oY ¥}
- 3.5=Dy =
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uCT — Voxel FE mOdel atgrlals

segmentation and
identification of local
fibre directions
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3. Permeability of textile reinforcements
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Darcy permeability: homogenisation B&5:

The Navier-Stokes equations: The Stokes equations:
du ' ReVp — Au =20
- . — 1A
{ 8t+(u V)u Vp +g:Au {V-u:O
V-u=0

- 1 S
W) = K- (7p)
v
u(A)-u(A") = const(A)

AA’= periodic translation

K. 0 0]
K=0 K, 0
0 )
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File Fow Direction Boundaries Help

FlowTex software

Textile modelling

j@ WiSETEK Computed

YoxelData } Falric Data]

Tomography
TexGen Matte 2115 .vox Browse
hesh size !
I I dhee 0.02 rmrm: Create wvaxel file
dyw=0.02 mm;
Y dz=0.02 mm;
113 %108 x 20 = 244080 vaxals; Step ¥, e
— T — Wi 63.5/63.1(estac); B[ AT
r— ] riElDit | FEEELEE Porosity: 36 6/36.9 (estfact);
Natte 2115 StepYimm gz
Voxel| file Step 2
tep Zmm  |oo2
Textile name
delta x
delta v
delta z
#points X-direction
#points Y-direction
#Fpoints Z-direction
FFSSFFSSFFSSFFSS...
\/\ FO_Stokes | FO_Mawier_Stokes ] Lattice_Baltzmann ]
226x216x040 mm  Porosity: 36.9 3%
— — Precision and Memary use
l FPrecision 0.0001

[teration restant (memony)

- 250
ﬁ FIDWTEK Maximum iterations ’mi

Permeability \ ‘ Flow field

KU LEUVEN
20.03.2014
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Experimental validation

10_1 I I I ! T T

@@ PP\WE exp
¢ -0 MFF exp
€®@¢nonw exp hoes

@ @ nonw exp feser

® ®PWF num
¢ ¢ VMFF num
€® ®nonw num hoes
® @ nonw num {

—_
<
o]

Permeability K., (mm?)
3

-
S
M

40 o0 €.
Volume fraction (%)
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4. Micromechanics

KU LEUVEN

20.03.2014 3. Fachkongress Composite Simulation - S.V. Lomov




Orientation averaging
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The textile structure is subdivided into elements; each element is represented by a
UD composite; homogenised stiffness is a weighted average of (tensorial)
stiffnesses of the elements

exp OA e Reasonable
E. GPa 24 311 D 55 7 predictions for
E1’ GP fibre-dominated
2 =2 25 1+2.94 22.8 properties ...
E,, GPa n/a 10.1
G12’ GPa n/a 3.38 ¢ ... W?rse f'or
y 0.141=0 071 0.109 tension stiffness
- ' p ' 0'377 in bias direction,
\' n ) :
= 2 shear moduli ...
Vo3 n/a 0.380
E,s:, GPa 12.9+0.5 10.7 e ...badfor
G,z GPa n/a 10.3 co:l;lplex nclm-
orthogona
Vg 0.502+0.21 0.581 g
structures

local coordinates

global coordinates
“a N “a N
c’|ces]=c"|ces]-(1-v, )+ ¢, lcs, > Ges] v, ; v, =>V,
i=1 i=1

20.03.2014 3. Fachkongress Composite Simulation - S.V. Lomov
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Method of inclusions (TexComp) s

O WiseTex/TexComp

7.00 B Experiment

e equivalent elliptical inclusions

e Mori-Tanaka homogenisation

KU LEUVEN
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Validation for complex textile structures

Snecma

G. Perie, 2008

20.03.2014



Young’s moduli | DRESHE

E1 58% E2 58%
1.00 - 1.00 ~

0.80 —— 0.80
0.40 : 1 / 0.40

T
0.20 0.20
D.DD T T T T T T 1 D-DD
030 040 050 060 070 080 090 100 030 040 050 060 070 080 090 100
Normalized Pick spacing Normalized Pick spacing

E3 58% _
1.00 - —e—Is0-5train
—B— MorTanaka

0.80

‘\\ ¢+ Experiment
0-60 %
*

0.40 .
= E11 and E22 measured on tensile tests
0.20 in warp and weft directions
0.00 . . . . . . . = E33 measured on samples cut in the
0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00 thickness direction

Normalized Pick spacing
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Damage modelling

120 ~ 1.E+10
experiment p
—O—FE T+ 1.E+09
100 +—- - -
AE cum.energy + 1 E+08
o  AE events
.E+07
80
& .E+06
=
w 60 .E+05
w
g
k] .E+04
40
.E+03
20 - c=0.28% £ o - Ex02
s c? o OO% g L] . E+01
0 T T T T T .E+00
0 0.1 0.2 0.3 0.4 0.5
strain, %

«  correct modelling of degradation
of stiffness

* reasonable evaluation of damage
initiation threshold

M

. qua“ta’[ive representa’[ion of intensive transverse cracking: fill, Z; matrix cracking near Z-yarns
intensity of damage

g | KU LEUVEN
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5. Conclusion
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Outlook @ KU Leuven s
Models | New developmentsin2014-2015____________________

meso-FE Full model “on click”: WiseTex -> Abaqus

Interpenetrations via contact algorithms
Embedded elements for damage

Fatigue models for textile composites
Damage XFEM models for textile composites

uCT VoxTex software
Integration uCT — permeability models
Integration uCT — voxel Abaqus models

Random fibres Curved random fibres
Debonding and strength
Fatigue models for random fibre composites

New materials Automated tape placement
Steel fibre composites
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