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Composites are materials formed by combining two materials. Our

group’s interest is in fibre reinforced polymer composites. These
materials are often referred to colloquially using names such as
‘fibreglass’, ‘carbon fibre’ and ‘Kevlar’.

/\

Polymer (plastic) matrix

Stiff, strong fibres

~_
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Applications

Engineering composites are valued for their high stiffness- and strength-
to-weight ratios. They are often expensive compared with metals, so
tend to be used in high-value, high-performance situations.
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Textile composites

For manufacturing reasons, it is often useful to supply the reinforcement
fibres in the form of a textile. Each yarn typically comprises several

thousand fibres.
To understand the behaviour of the material, we need to consider the

structure of the textile.
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TexGen Purpose & Background

To understand the behaviour of the material, we need to consider the
structure of the textile. Our in-house textile CAD modeller, TexGen, is
used to generate geometric models of the textiles and their composites.

These models are used for analysis of manufacturing processes,
mechanics, heat transfer etc.
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TexGen Evolution

1
TexGen development begins c. 1998 via an EPSRC project (Long 998

& Rudd). Dr. Francois Robitaille & Ben Souter work on the initial
algorithms and implementation of v1.

Martin Sherburn begins 3 year project with Frangois in 2002
and decides to re-write the TexGen application as v2.

Martin begins PhD (EPSRC funded) studying textile geometry in 2003
2003 under supervision of Robitaille/Jones & Long.

Wout Ruijter begins PhD (EPSRC funded, Jones & Long) in 2004
studying textile composite mechanics.

c.2006 Wout and Martin agree with supervisors that TexGen
should be re-implemented as a platform-independent code
following an open source model. Public release of v3 2006.

Wout leaves 2007; Martin leaves 2008; Louise Brown joins 2009. 2009

2009: Even with a gap in developer support, the code is
still accessible, in use and has some level of support.
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Rationale — why re-implement?

Although a capable package, TexGen v2 was never intended to be
extended by multiple developers. There was no version
management, no formal code documentation and no clear code design.
Adding a new feature would sometimes break an existing feature.

Because of its use of MFC (Microsoft Foundation Classes), it was written
such that it was completely tied to MS Windows. ®

Geometry export was provided by the ACIS libraries, for which our
licence prohibited redistribution.

v3 was designed carefully before it was implemented, and the
implementation was done in an accessible way.
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Rationale — why re-implement?

v3 is:
Modular
- Core functionality is in the core module, graphics are in a

renderer module; if not using visualisation, the renderer doesn’t
need to be built.

Platform independent
- Since it is written in standard C++, it can be run under
Windows, Linux and most/any operating systems which are

supported by the CMake build system.
Hence it can be used on the HPC.

Extensible

- There is a documented programmer interface to the code and
the design of the object-oriented structure reflects the
physical problem (e.g. weave styles derived from the main weave class).

Flexible

- TexGen can be used through a GUI, driven by Python scripts
or linked as a library to C++ programs.
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Rationale — why re-implement?
Benefits of having an API (programming interface):

e TexGen functions can be called from within other programs.
e Many tasks can be automated ‘easily’ using Python interface.

e Python interface allows integration with other packages which have
their own Python functionality (notably for us, Abaqus CAE).

e Python interface also allows specific functionality (e.q.
commercially sensitive research) to be developed separately
from the main build.

e TexGen models can be built parametrically and interrogated ‘on-the-
fly’ to determlne local fibre distribution, orientations etc.

T TOnNEID T -
§;2§i?de - /RendererTextenlioncer: fi breD strlhut DnWeft = CF breD str1but onConst (calculateF bredrealtex= texWeft fi breDens
fibreDistributionBinder = CFibreDistributionConst (calculateFibrearea(tez=texBinder. f{ibrel
ing jat TG
int main(} # Genera te Warp varns
! tDtallengthUarpmm =10
CTemtilaVesvsdD Testile(2. 2. 3. 4): for warplayer in range(nunWarplayers):
yvarn = CYarni)
Textile.iddVLlayers(0, 1): =zl = off=set[0] .
Textile. AddYLlayers(2, 1): 22 = 2l + numWeftsPerlaver*spacingWeft
Textile. Addilavers(): v = offset[1]
Textile. Add¥Layers(): z = offset[2] + warplayer*(nominalHeightWarp + nominalHeightWeft)
nodelpos = HEVZ(xl. v, =)
¥ ti g *}:gp(? g): node?pos = EVZ(x2. v, =)
t ri b nodel = CHode{nodelpos)
Textile. PushDown(? 1 node? = CHodei{nodelZpos)
Textile.Pu: thvwnEEl, 2;; ++ yarn AddNode(nodel) A
varn . AddHode{node2)
Textile.SetVarnWidths(4); varn. Assignlnterpolation{CInterpolationBezier())
Textile. SetVarnHeights(1): varn. AssignSection(ssctionWarp)
varn. AssignFibrelistribution(fibrelistributionWarp)
TEXGEN. AddTextile(Textile): # Set the resolution of the surface mesh
Testile. AssignDefaultDonain() varn. SetResolution{resolutionSlavesl. resolutionSection)
: ‘ # Add the repeats to the warn
#ifdsf USE_RENDERER yvarn AddRepeat (XVZ(iz2-=1), 0, 01}
CTexGenRendersr Renderer: varn . AddRepeat (XVZ(0, spacingWarp. 0))
Eenderer RenderTextilel): # Add the yarn to the textils
Renderer Start(]. Textile. Add¥arn(varn)
#endif totallengthWarpmm += varn. Get¥arnLengthi)
return 0 totallengthWarpmm *= nunWarpsPerlaver
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Rationale — why not commercialise?

TexGen would be of relatively limited commercial value
(comparatively small customer base).

Commercial customers would expect support.
Casual use does not occur.
All development has to be undertaken in-house.

If code is commercialised in conjunction with a company
this will inhibit research collaborations with their
competitors.
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Rationale — why not commercialise?

TexGen would be of relatively limited commercial value
(comparatively small customer base).

Commercial customers would expect support
Casual use does not occur.
All development has to be undertake

If code is commercialised in conjunci
this will inhibit research collaboratior
competitors.

"After fire and the wheel, it was only
legical to invent the patent attorney.”
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Rationale — why open source?

Aside: what is open source?

TexGen is released under the GNU General Public License. In short,
this means that copyright is retained, but that others are free to
download and redistribute the code. They may modify it, providing
that this is clearly indicated.

TexCGen: Ceonetric textile nodeller.
Copyright (C) 2006 Martin Sherburn

This programis free software; you can redistribute it and/or
nodify it under the terns of the GNU General Public License

as published by the Free Software Foundation; either version 2
of the License, or (at your option) any later version.

This programis distributed in the hope that it will be useful,
but W THOUT ANY WARRANTY; wi thout even the inplied warranty of
MERCHANTABI LI TY or FI TNESS FOR A PARTI CULAR PURPOSE. See the

G\U General Public License for nore details.

You shoul d have received a copy of the GNU General Public License L_Free Software Foundation—
along with this program if not, wite to the Free Software

Foundation, Inc., 51 Franklin Street, Fifth Floor, Boston, MA 02110-1301, USA.
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Rationale — why open source?

People can download TexGen and use it for free.

TexGen is a tool to facilitate research rather than a piece of research in
itself (although many algorithms are novel). Once algorithms are
published, there is no reason to withhold the implementation.

Opening the code to scrutiny gives a better level of both knowledge
transfer and verification.

Giving open access to the code encourages third-party use/
citation.

People can use it in more flexible and clever ways because they
understand it more clearly.

Third parties can develop their own extensions, which can be
incorporated into the code.

Casual use can lead to collaboration.

IPR issues are simplified since everyone knows that TexGen is
open.
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Wiki-based (community maintainable) user documentation including
instructions for compiling under different operating systems, tutorials etc.

{.;'Main Page - TexGen - Windows Internet Explorer

@: - Iﬁ http/ ftexgen. sourceforge . netfindex. phpfMain_Page j 2| X IGoogIe Pl
] roe >

W {E Main Page - Tex&en | | 3 - B - = - b Page + (0 Tools -

2 Login/create account =

article discussion edit histary
Main Page

TexGen is open source software licensed under the General Public License developed at the
University of Nottingham for modelling the geometry of textile structures. TexGen has been used

by the Maottingham team as the basis of models for a variety of properties, including textile
mechanics, permeability and composite mechanical behaviour,

texgen
= Main Page A summary of our work involing TexGen can be found on the TexGen Applications page. Please
= Download also visit the University of Mottingham Textile Composites Research &7 website for more details
= Windows about our research group.
Installation ) On this website you will find all the information necessary to get started with TexGen by using the 3l weoven fabric &7
= Source Installation ; S
) sidebar far navigation.

= Docurmentation
= Applications Please leave a message on the TexGen forum 2 if you find TexGen to be a useful toal. We are
= Screenshots vary interested to hear about research conducted with TexGen. The forum &7 is also the place to
= Forurm ask guestions, make comments and generally discuss about TexGen with other users. b
= SourceForge . i

Specific bug reports, feature requests and patches are always welcome and should be directed to
wiki the sourceforge trackers &.
= Recent changes .

[edit]
= Randorm page News i
= Editing help 2d woven fabric &
search TexGen 3.3.0 Released! (edit]
I “ersion 3.3.0 has been released, it has various bug fixes most notably to the volume mesher and a
Go | Search | few new algorithms dealing with geometry prediction based on mechanical behaviour of yams. A

list of changes can be found here &)

toolbo
) 1652, 9 April 2008 (3MT)

= Whatlinks here
® Related changes TexGen 3.2.1 Released! [edit]
= Upload file
= Special panges “ersion 3.2.1 has been released, this is mainly a bun fix release however there are a few new Mon-crimp fabric &1 LI

|D0ne l_ l_ l_ '@ l_ l_ |e Internet A% - g
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Applications of TexGen are documented with references.

ﬁ' Textile mechanics - TexGen - Windows Internet Explorer

@:—: - IG http:ffkexgen, saurceforge. netfindes. php) Textile _mechanics j *2 || X |G009|9 B~

S olr i Textile mechanics - TexGen | | @ ~ B - i v |hPage v (_‘; Tools »

2 Login/create account =

Teztile mechanics - TexGen
http: fftexgen. sourceforge. netfindex. php/ Textile_mechanics

Textile mechanics

article distu

TexGen has been used to create the geometry of fabrics for meso-scale textile mechanics
modelling. Meshing can either be done directly within TexGen or geometry can be exported to the
two most commaon CAD exchange file formats, IGES and STEP. Alternatively Python scripts can
be used to transfer geometry to specific third party applications such as ABAQUS.

texgen
- gnﬂain Fage The in-house finite elernent analysis software features periodic boundary conditions as well as a
= Download periodic contact algorithm eliminating the need for elements to be contained within a set unit cell
uWindows (This is illustrated in the Figure 1). Compressional deformations are applied by parallel planes
Installation above and below the fabric. Tensile, shear and bending deforrmations are applied by adjusting the
= Source Installation repeat vectors. Using this approach, strains can easily be applied in a consistent manner without
" Dou_lmgntation overconstraining the modall'], —
= Applications . . . . Figure 1. Chomarat 80054-F1 5
= Screenshots Wark using the cormmercial finite element software package ABAQUS has also been carried out satin weave fabric meshed
= Forum investigating the effect of fabric architectures on fabric mechanical properties. Figure 2 shows the with TexGen compressed with in-
= SourceForge effect of yarn crimp height on a unit cell compression behaviour?!. houselbESolve
L References (eat]
= Recentchanges
= Randompage 1. 7 M. Sherbum, "Geometric and Mechanical Madelling of Textiles”, Thesis in preparation, 7
= Editing help 2007, Mottingham, UK, i
search 2. 1 H. Lin, M. Sherbumn, A C. Long and M. J. Clifford, "Integrated Multi-Scale Modelling for £ » '-_ *
I— Garment Design”, Proceedings of the 85th Textile Institute Warld Conference, 1-3rd March I . e o
- | Eo— | 2007, Sri Lanka, Colombo. —
toolbox Figure 2. Effect of fabric fom
= Whatlinks here thickness on & plain wesave unit
= Related changes cell compreszion
= Upload file
= Special pages ﬂ

|D0ne l_ l_ l_ @ l_ l_ |® Internet '-"i‘; o0 ~ 2
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A discussion forum enables questions to be answered and new functionality
requirements to be determined (47 registered users as at 4/12/09).

(= TexGen :: View Forum - General - Windows Internet Explorer,

mf - |g, http: | ftexgen. sourceforge. net {phpBB2 fviewforum, php?f=18sid=4aff 732397 d990b42065587 c64becdbed V| || X |iain gray | 2~
File Edit VWiew Favorites Tools Help Links @& | Customize Links g | Intranet Portal @ | IT Service Status ¢ Workspace @ | Faculty of Enginesting » @ -
w [ggl'l@Search Results: helena arrand | | TexGen @ Yiew Forum - G.., % l l @ - B ey - b Page - {0F Todls - @. i
-

TexGen

h I _— Fabric geometric modeller
B p ¢ @FAQ @ search  [E Memberlist @Usergrcups @Register
creating | communities

Bl rrofie @ Log in to check your private messages @ Log in

General (-

Moderators: Martin, Developers

Users browsing this forum: None Goto page 1, 2 Next

ewto TexGen Forum Index -> General

Mark all topics read

o

@ Announcement: TexGen 3.3.0 released! Martin 300 (20 = W iy Sl ol
Martin =0
@ Announcement: Welcome 0 Martin 285 sz [lEr 23, ZRI2 SREE 2w
Martin =0
- . . . Thu May 28, 2009 4:04 pm
Z{} Sticky: UPDATED: TexGen support 2 Martin 233 omroleton 00
R - Mon Mowv 23, 2009 8:59 am
@ yarns intersection 2 gtnguven 223 Coe Tier #0
@ Problems with opening python Files with TexGen o Daz Tier 2z EmilEy D2 2I02 LESE Eh
Das Tier =0
@ Apparent inaccuracy in volume mesh 0 Ross 53 TS E53 220 HLIE TEE Eh
Ross =0
- Tue Sep 01, 2009 6:34 pm
?
@ Translation of a Range of Nodes? o MNovaEGROS G4 e oW
- s Wed Aug 05, 2009 7:50 am
@ Advertising on the Wikipage o sprobst76 73 o robeive 0
@ TexGenGui without main procedure? 3 sprobst76 145 Tz il ID\c17arrt2irD|DfD7:21 pm
| e o e e f P L e N - Eea cn= Fri Jul 02, 2009 1:08 pm ﬂ
& Internet H100% -
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A success story

In total, there have been over 3,588 downloads from Sourceforge &

550,000+ hits (6/12/09).

Dounload History for All Files For TexGen

All Time

L3LIou,/gg
= = = = = =
| I T T N T N N N N N T A N N
= = = = = =
[T = [ Fe] = Te]
Loy | (2] - -
L{FLAC A S0 LM

CI-B00T
TT-&00E
0T-&800E
BO-B00Z
20-e00E
AO-BO0T
q0-e00T
S50-e00%
FO-B00E
L0-B00Z
Z0-B00Z
To-&00z
TT-200%
TT-200%
0r-200%
BO-200E
ao-200Z
A0-200E
qG0-200%
S50-200%
FO-200%
Lo-g00E
TO-200E
To-200&
CT-L00E
TT-L00z
0T-L00%
BO-L00T
20-L00E
A0-L00E
q0-L00&
S50-L00%
FO-L00E
E0-L00E
TO-L00E
To-Z00E
ZT-900Z
TT-900Z
0T-anns

O] Bandwidth

B Downloads

Copyriaht SourceForge.net

Gererated 2008-12-06 20757331 UTC
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A success story?

There are known users at:
e Akron Uni (Cheng) - impact modelling for braided composites
e Bristol Uni (Hallett) — unit cell FEA using embedded element approach
e Delaware Uni (Simacek) - fabric compaction modelling
e FEA Ltd (Irving) - unit cell models for thermal shrinkage in Lusas
e Federal-Mogul SPG (Teal) - thermal modelling of textiles
e Grenoble Uni (Orgeas) - flow of power law fluids through textiles
e Heimbach Ireland (O’Brien) - visualisation of multi-layer textiles for paper making
o IIT Delhi (Das) - flow modelling for 3D textiles
e Imperial College (Robinson) - unit cell mechanics FEA (EPSRC bid)
e Leuven (Lomov/Verleye) — comparative predictions with WiseTex for permeability
e Manchester Uni (Hanspal/ Jetavat) - flow through filtration fabrics/ textile design
e NRC Canada (Hind) - composite thermal conductivity
e Oxford Uni (Gerlach) - impact modelling for 3D composites
e Ottawa Uni (Robitaille) — heat transfer modelling and medical textiles
e Rolls Royce (McMillan) - unit cell mechanical properties (RAE Fellowship)
e Sigmatex (Murray) - visualisation for multi-layer textiles
e Texas A&M Uni (Whitcomb) - textile composite mechanics
e Ulster Uni (Mcllhagger/Quinn) — unit cell modelling and visualisation
e Unilever (Lee) — models for textile mechanics and fabric softness
e WM Gore (Zhang) - mechanical behaviour of GoreTex fabrics
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A success story?

Related projects include:

Jan 2007 - Jun 2010 Multi-Scale Integrated Modelling for High Performance
Flexible Materials

Investigators: M ] Clifford, A C Long
Funding body: DTI Technology Programme (TP/5/MAT/6/1/HO0558C)

Partners: Unilever, OCF, Croda Chemicals, ScotCad Textiles, Carrington Career &
Workwear, Hield Brothers, Airbags International, Technitex Faraday, University of
Manchester, Heriot-Watt University

Research grant: £318k (total project value £1,703k)

Feb 2008 - Feb 2011 Advanced Composite Truss Structures (ACTS)
Investigators: A C Long
Funding body: DTI Technology Programme (TP/8/MAT/6/1/Q1505D)

Partners: Bentley Motors, Airbus UK, Carr Reinforcements, Composite Integration,
Network Rail, NP Aerospace, Pipex, QinetiQ, Tony Gee & Partners, Oxford Brookes
University

Research grant: £213k (total project value £1,821k)

All in all, approximately £1m research income can be largely
attributed to this initiative.

7th Dec 2009 TexGen - an open source textile modeller 19



A success story?

atform: Textile Composites - Engineering Science and its Applications - Windows Internet Explorer
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Details of Grant

Govy Search

EPSRC Reference:

EP/F02911X/1

Title:

Platform: Textile Composites - Engineering Science and its Applications

Principal Investigator:

Professor AC Long

Other Investigators:

Dr R Brooks
Dr IA Jones

Dr CA Scotchford Dr G Walker

Dr M1 Clifford
Dr 8] Pickering

Dr M Johnson
Professor CD Rudd
Professor NA Warrior

Researcher Co-
inwvestigator:

Project Partner:

Department:

Sch of Mech Materials Manuf Eng Mgt

Organisation:

University of Mottingham

Scheme: | Platform Grants
Starts: | 01 February 2009 |  Ends: 31 January 2013 value (£): | 863,232
EPSRC Research Topic | pjomaterials Composites: Processing
Cleeelheuee; Engineering of Matrs/Props/Test: Mechanical Theoretical Materials Science
EPSRC Industrial Sector | pAerospace and Defence Manufacturing
Classifications: Healthcare
Related Grants:
Panel History! | panel Date Panel Mame Outcome
29 Oct 2007 Platforms Panel October 2007 Announced

Summarty

||

|D0ne

[ T T T T T iemkeme

[ *®100% - 4
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For reference

TexGen:
http://texgen.sourceforge.net/

GNU (public licence):
http://www.gnu.org/

Trac (a wiki-derived software project management tool):
http://trac.edgewall.org/

Subversion (version control):
http://subversion.tigris.org/

Doxygen (documentation generator):
http://www.doxygen.org/
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