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c Hierarchy of scales: MACRO to meso m
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c Hierarchy of scales: meso to picro m
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c Hierarchy of scales: nano to picro

Carbon nanotubes
(CNT) on the
surface of a carbon

fibre
CNT bending
10 nm
Molecular dynamics:
1nm

interaction CNT -
polymer
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Short fibres

e chopped

o Nnon-woven

Long fibres

e tapes(5...500 mm)
e tows (1000 ... 80.000 fibres = 1K ... 80K)
e twisted (50...5000 tex)

e commingled (fibres+matrix)

Textile
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Fibrous reinforcements
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c 2D textile reinforcements @

MATERIALS ENGINEERING

According to textile
manufacturing

Type Structure Fibre orientation in plane technology

Random b Random orientation; fibres can be chopped

fibre mats (short and straight) or continuous (curved)

UD layers Perfectly straight in layers, placed on desired
angles

Stitched Almost straight in layers, placed on desired

multi-ply | angles; voids formed by stitching

Woven § Two orthogonal directions (three in triaxial

fabrics . | fabrics - rare), slight crimp in z-direction.

Braided @ Two non-orthogonal directions or three if there

fabrics & S are inlays, slight crimp in z-direction.

Knitted m W Regular but widely distributed fibre orientation

fabrics
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3D textile reinforcements @
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Solid 3D

e woven
e braided
e stitched

Textile sandwiches
e woven

e knitted

3D shapes

e braided

e knitted

e stitched
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Applications and manufacturing
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2. Internal geometry of textile
composites: WiseTex software
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Integrated simulations of textile composites m
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Internal architecture of the reinforcement

Production iL iL | @

Deformation resistance and change of Perme- Performance j

geometry ability Mechanical properties
and damage

Shear Tension Bending

T 7 nhanbonua
E I 3
7 iy

eability and formability ¢
[

Impregnation
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ceNANO WiseTex: virtual textile composites

Internal geometry: textile unit cell meso-FE

t.: WiseTex

E@Weftknit

Composite micromechanics
‘Q . & (fast stiffness calculations)
.\ S o .

woven (2D and 3D) g
@ é - laminates
NCF

~ Virtual reality

' TexComp

4

weft-knits —
Permeability

VA VRTex

omposite
aterials
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c WiseTex worldwide

eNANO

licenses, 2016:
< industrial (16)

<4+ university (40)

@EnchantedLeaming.com

omposite
aterials
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A gallery of WiseTex models

: eNANO
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Data open to the user Im_
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eNANO

s’ Woven fabric: W-Hexcel-60.wfa E’@

[pv-Hexcer-e0%

W i SeTeX 3 . 0 : WiseTex Data | Genmatr‘yl D \magel Compression | In-plane dalnrmannnl

[Wieave [ arn:
tuill 2-2

Geometry model READY @

Types (right click to edif)

AS2C-3K 200 tex

e open XML input and output or custom
,.1 Warp et | _ Set | Weft
formats software % e e

3 AS2C-3K 200 tex 3 AS2C-3K 200 tex
4: AS2C-3K 200 tex 4: AS2C-3K 200 tex

New possibilities:

rModelling option
Warp 2.000 Wyeft Crimp
. e Equal 2.000 mm ; m; Equal 2.000 rmm " Smant
easy integration: it
. @ Userdsfined (% of max)
° M h d f' d X IVI L: teXt I | Set equal to Set equal to: Side crimp
upstream, with user-detine g = o e || € S C @ s |
a ta Accept table | l2— min | Accept table | |2— [l | ' Compute yams compression in relaxed state
process models (e.g., S—
llin

braiding process) N~
e downstream, with user- Y

defined modles of
composite (e.g. meso-FE)

XML: fabric

geometry

custom
software

08.09.2016 S.V. Lomov 16 E
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Scripting m
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eNANO

WiseTex 3.0+:
e open XML input and output WiseTex or

command line script

fOI‘matS CUStom exCompCL "W-Hexcel\W-Hexcel-45.wfa" "HUN_matrix.xml" "w-Hexcel
W-Hexcel-45_stiff.csv" /nl
SOftwa re 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:

easy integration:

* upstream, with user-defined XML: textile
process models (e.g., data P

b ral d N g p rocess ) v C:\Lomou\_OLD\2011\Current work\Projects\HIUOCOMP\WP3 HIUOCOMP\D3.11 Meso-struct

ural model\D3.11 FILES\WiseTex, TexComp>TexCompCL “W-Hexcel\ll-Hexcel-45.wfa"
UN_matrix.xml” “W-Hexcel\l-Hexcel-45_stiff.csu” /nl
read: W-Hexcel\W-Hexcel-45.wfa

* downstream, with user- o marr iU 2 13

results written: W-Hexcel\l-Hexcel-45_stiff.csv

d Efl n ed m Od |eS Of C:\Lomou\_0LD\2@11\Current werk\Projects\HIUOCOMP\WP3 HIVOCOMP\D3.11 Mesc-struct

ural model\D3.11 FILES\WiseTex, TexComp>TexCompCL “W-Hexcel\ll-Hexcel-58.wfa” “H

composite (e.g. meso-FE) XML: fabric e Roke I\l Hoees 0w SE-E R et

read matrix:HUN 2.5 0.4 1.2

. . results written: W-Hexcel\lW-Hexcel-50_stiff.csu
scripting: geometry

C:\Lomou\_0LD\2@11\Current werk\Projects\HIUOCOMP\WP3 HIVOCOMP\D3.11 Mesc-struct
ural model\D3.11 FILES\WiseTex, TexComp>TexCompCL “W-Hexcel\lW-Hexcel-55.wfa” “H
UN_matrix.xml” “W-Hexcel\lW-Hexcel-55_stiff.csu” /nl

b pa rametric Studies read: W-Hexcel\lW-Hexcel-55.wfa

read matrix:HUN 2.5 0.4 1.2

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

° I OO k- u p ta b I e S (e . g °) S h e a r C:\Lomouy_OLD\2011\Current work\Projects\HIUOCOMP\WP3 HIUOCOMP\D3.11 Meso-struct
ural model\D3.11 FILES\WiseTex, TexComp>TexCompCL “W-Hexcel\lW-Hexcel-60.wfa" “H
a n g | e) UN_matrix.xml” “W-Hexcel\l-Hexcel-60_stiff.csu” /nl
custom

software

omposite
aterials
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Multi-level analysis m
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: : Local deformation
orming N> parameters (thickness,
shear...)

Local stiffness [Q]

m WiseTex

TexComp

Internal geometry

FE analysis

Stress/strain fields
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3. Micro-CT reconstruction of the fibrous
microstructure

llya Straumit
Stepan V. Lomov
Martine Wevers
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Micro computed tomography (micro-CT) m

Clinical CT (CAT scanner) Micro CT

Test Component

X-ray Beam Image Intensifier

E5E Turntable
Interface

= Computer
Controlled Turmntable

AN
e ==

: Analog Video
Signal

PC with Image
Capturing Hardware

Nanotom — GE
0.5 um

SkyScan, 1 um
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Different textiles
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Modelling workflow m
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eNANO

VoxTex

Voxel (FE) model

Mechanical
. ABAQUS
properties
Stress-strain fields
Permeability of the
composite preform
omposite
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S(p) :f ( )S’(r) dr
w(p

Structure tensor: Definition

S' (%1, %2, x3) =

I — image as three-dimensional function,
() —image domain, and w(r) — window function.

08.09.2016

CT image /

et

43

ol\* oI oI oI 9l
(5;:) dxq 0xy, 0xq0x5
al\* oI 0l

) Fom

ol \*

| sym (7)
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X1

_window, defined by w(r)
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c Structure tensor: Example @

MATERIALS ENGINEERING

Components of the structure tensor:
16.8 3.6 1.1
Sij=136 76 0.7
1.1 0.7 2.8

Eigenvalues:
A=1{2.7 6.4 18.1}

First eigenvector:

—0.048
vy =41—0.107

0.993

Micro-CT image of
unidirectional steel fiber

reinforced composite. Degree of anisotropy:
Z is the direction of fibers.

B=0.85

08.09.2016 S.V. Lomov 24 E
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c Degree of anisotropy

eNANO

The ratio of eigenvalues:

B =

3
0 if \3 = 0.

where A; and A5 are lowest and highest eigenvalues of the structure tensor

respectively.

200
180
160
140
120
100
80
60
40
20

00493_ 0.8453

08.09.2016

ow
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Anisotropy
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0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

anisotropic
-1

isotropic
g—0
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c Orientation fields m

-
V
4
/
A

Knitted glass fiber composite
Resolution: 4 um

Computed orientation fields

~
4
4
/
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\
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\
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\. anisotropic (orientation)
0 isotropic
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Density

180

170

160

150

140

130

Segmentation RE———

The variables, extracted from the image, reflect
physical properties of the material:

grey value — material attenuation
structural anisotropy — material microstructure type

varns cluster [ Methods of segmentation:
Matrix cluster * Unsupervised (k-means)
* Supervised (Gaussian mixture model)

150

100

ﬁlF.I.|IIII|IIII|IIII|IIII|IIII

]; ;;j/// - // L ] . e /“C‘J
\'{L J ‘\‘\ \ / . s I
-- ‘l( \“ . |
. | ‘\‘\‘ y \“’ .1‘
N N h " ” o o o8 Rﬁgisotropy & . <_ ﬁ | ] voi dS
s matrix S
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calculated elastic

properties

0000000

Example: 3D woven composite
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Nanotom
(3D volume)

SkyScan,
Tomohawk
(image stack)
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VoxTex software

MATERIALS ENGINEERING

ABAQUS

Finite element analysis

Permeability

Homogenization (Mori-Tanaka)

Visualization

VoxTex

Root (CERN)

Histograms, statistics

omposite
aterials

S.V. Lomov roup



o

MATERIALS ENGINEERING

1. Introduction
2. Internal geometry of textile composites: WiseTex software

3. Micro-CT reconstruction of the fibrous microstructure

4. Conclusion
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300 T . 4.5%
number of scientific
papers on textile 4.0%
250 composites, per year
3.5%
200 3.0%
2.5%
150
2.0%
100 1.5%
1.0%
50
0.5%
0 0.0%
1980 1990 2000 2010 2020
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Growing field, steady interest m
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part of .
“composite + . Google
fibre” papers e 235,000
% links
1980 1990 2000 2010 2020
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c Composites in the world @
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composites consumption per capita, kg 2013

v

6
5
4
3
2
1
0
USA Germany China Russia

http://compositesmanufacturingmagazine.com/2015/01/what-will-drive-composites-growth-in-2015/
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