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Loughborough

= Ranked 6™ in the 2018 Guardian University U n ive rsity

League Table.

=  Winner of the Times Higher Education ‘Best
Student Experience’ poll for five years running
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= Ranked joint 15t for ‘Overall Satisfaction’
National Student Survey (NSS) in 2017

=  Awarded 'Best International Students Union of
the Year 2014
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Loughborough University

Mechanics of Advanced Materials

Research Group (MOAM) MoAM Research Group

Loughborough University

The Mechanics of Advanced Materials Research Group carries out multi-disciplinary
research into the response of advanced engineering materials to various types of

external loading and environmental conditions, using a combination of analytical,
numerical and experimental techniques.

= More than 35+
publications on
Nonwovens
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Loughborough University

Mechanics of Advanced Materials
Research Group (MOAM)

Some of the Testing Facilities

Two servo-hydraulic machines up to 100 kN

* Impact fatigue testing system (based on CEAST RESIL IMPACTOR)
Instron desktop machines up to 50 kN

Instron Micro Tester 5848

Thermosensorik GmbH Thermoelastic Stress Analysis system
Atomic Force Microscope

X-ray micro CT system

Nano/Micro indenter
Dynamic Mechanical Analyser TRITEC2000B

Q-Sun XenonTest Chamber

MSC A Software

ABAQUS
FEFEIFFINI




Motivation

= Qverall Objectives
= Develop a multi-scale parametric numerical
models to simulate mechanical and flow
performance of nonwovens

= Qverall Deliverables

= Better understanding of micro-scale through-
thickness mechanical behaviour of
nonwovens

=  Simulating damage mechanisms

= Parametric computational model for
simulating compression performance and its
effects

= A clear methodology to design nonwovens
considering mechanical performances before
manufacturing to save time and cost




Existing Numerical Models

Quasi-continuum Models

Discontinuous Models Hybrid Models
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modeling predicts tissue-level and network-level fiber
reorganization in stretched cell-compacted collagen gels.




Our Contribution

Discontinuous Parametric Model
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Material Characterization

Single Fibre Tests

PP/PE 75/25 Fibre

800
==(.001 /s

700 —=0.01 /s
0.1 /s
600

500

400

300

True Stress (Mpa)

200

100

0 0.5 1 15| | Core
Strain Sheath

Tensile Test of PP/PE 75/25 bicomponent fibre for three strain rates




Material Characterization

X-ray micro CT
(75/25 PP/PE 50 gsm)

Instron® 5848 Micro Tester
with £5 N Instron® loadcell




Computation of Mechanical Anisotropy

Bond point (SEM)

3D model (y micro CT)

Bond Points
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Computation of Mechanical Anisotropy

Detection of fibres

Nonwovens Anisotropy V1 ol o0
Mechanical Anisotropy of Nonwoven Materials X-ray Image >
Image of Nonwoven Fibre Matrix: C:Users\Emrah Der Browse for Image

Image Conversion Parameters

3D image matrix with
8bit colour channels

2D image matrix with
8bit grey-scale values

Tick to invert the Grayscale Colours (Black Background)

Disk Radius for Opening Filter: 3 | pixels (default: 3)

Input Image

Subdomain Processing Parameters

Noise filtering am

Edge Detection {Canny) Parameters

\ 4
Low Threshold: 0.1 [01]
@ o : 2D image matrix with
Gaussian Filter Deviation: 1 (default: 1) Edge detectlon * g

binary values

Image Division Parameters

# Rows: 2 # Columns: 3 | Aspectratio of image divisions 2D Image of Nonwoven Fibre Matrix (SEM or ¥-Ray Micro CT)
must be approximately square!
\ 4
Hough Transform Parameters
Rho Resolution: 2 {default: 1) {0 90) . b d . h f
= tdetauts 13 0 Fibre detection - Hough transform
Threshold for Peaks: 0.3 {default: 0.5) [0 inf]
Max. # Peaks: 100 | {default: 1} {0 inf)
Gap Fill Distance: 30 ({default: 20) (0 inf) Run v
Min. Line Length: 60 | (default: 40) (0 inf)

Comyrioht 2010 Enveh Demecs J Fibre Orientation
Distribution
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Computation of Mechanical Anisotropy

Detection of fibres
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Developing 3D Parametric C utational

(1) Pre-processing of generation of fibre network

(a) Inputs Modelling parameters
G eom etric properties of fibres " = N
and dimensions of fibre network SR R Other properties |
> Fibre diameter ‘ B Material density ‘ >| Basisweight |
P Fibre cross-section ‘ ‘ >{Elasﬁc and Plastic Properti I >|Fibre :  on i s bk I
- Time-dependent material Mesh density along fibre and
> 5 L
el ‘ ’{ properties I "l trough hickness
|
> Network dim ensions: width,
lensth thickness
(%) Calculating fibre coord: (c) pre-processing of fibre
N Pseudo random mmber deposition simulation
generator T o
- End coordinates of fibre Discrefisation of fibre
ion di: i network
N v

Fibre cross-section

assi ent
Writing the new end L

{ Y
7| Calculating current fibre coordinates of fibres in an
mass array list PrescribedBC’s

A 4
Writing the input file for FE
solver

No (2) Fibre deposition simulation

Fibre deposition simulation
and compressing the network

Trimming fibre

I‘I

till input fibre network
Y thickness
CD »| Creating crimponfibre |« | Fibre crimp function v
Updated coordinates of

fibres are written in output

e ) 4 file .t16
v
Reading the coordinates
from the file .2/6

v

Alignment of a fibre == [ D

Outline of methodology for generating
13 computational model




Developing 3D Parametric Computational Model

Fibre Deposition Simulation

Fibre deposition / An individual fibre B,: Fabric boundary 1
direction
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Placing single fibre

Fibre deposition
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Developing 3D Parametric Computational Model

Fibre Generation, Trimming, and Crimp

Py(xy, y1,21) ® Py(x1, 1, 21)
Fabric boundary /i Initial fibre :

/ ..': Pl,u(xl,yl,zl) Pl,u(xl’ yl’zl) Pl,u(-xl’ ylazl)

C(xc’ Yo Zc)
f..- modified fibre
/

:.':Pz,u(xz, V2, Z3) Py (X3, 2, 23) Py (X2, 12, 23)
Trimming fibres and adding crimp
.
Py(x3, ¥2, 2) Py(x, 2, 2) (5) Undesirable fibre p (6
Pl,u(xb Y1 Zl)//v part out of fabric l,u(xls Y1, Z1)
(a) domain!

1
& Pry(x2, 12, 25)

beam elements
P, (x2, ¥2, 25)
Updated
® - fibre
-
p=—— = = =

conical surfaces in 4y 5
the case of contact
Y
' 1
( Y Xz
\_

15 Repairing misplaced fibres




Developing 3D Parametric Computational Model

Resultant Deposited Network

Isometric view Side view
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Developing 3D Parametric Computational Model
Converting FE model to CAD

F ‘ AUTODESK" FUSION 360

Pi(xs5 vs5 z5)

, @ python

Sweep

Px, v,z direction

Pi(x3 v;5 23)

Pyxy, vy z))

17 Isometric view




Developing 3D Parametric Computational Model

Detecting fibre-to-fibre contacts

Detecting fibre-to-fibre
contact surfaces
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Number of contacts (normalised)
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Case Studies

Case Study 2: Calendered Nonwovens

Computational Model

20 gsm thermally bonded calendered nonwoven (FE model)
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Calendered Nonwovens
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Case Studies

Case Study 2: Calendered Nonwovens
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Conclusions

= The computational models developed with parametric
approach is capable:

= To predict the tensile, compression, and damage behaviours of the

fabric under complex real-life loadings
= To improve design robustness and reduce risk
= To reduce product development time and cost

= To study the effect of manufacturing parameters on tensile, damage,

compression and flow performances.
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