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1. Strategy of the development

The GEMTEX research laboratory belongs to ENB®Iich Grande Ecole one of the leading textile
schools in Europe which graduates more than one hundred twenty stugemtyearon Ms Level in
France GEMTEX research activities are organizetband athree of autonomous research groups,
each of which is headed by one or more professors or research sciemidtsledicated to applied
research for TextilesThese groups afecused on following activities:

- Human Centred &sign(denoted HCD),
- Multifunctional Textiles andProcessegdenoted MTP),
- Mechanics TextilesComposites(denoted MTC)

In addition, GEMTEXosts the

- EUGENIHechnology mansfer Unit aiming at development of research activities with
industrial partners and

- Collaborative Projectsnit with main activities focused on development and management
of collaborative projects on regional, national and European level.

1.1 History

Textileresearch atENSAI'began withGEMTEX creation in 1992 with twesearchgroups: Textile
chemistry and TexXg8 automation. In the beginning, the laboratory has been focused mainly on
academic researches without close relations with industrial companies. Since 1992, GEMTEX
laboratory has developed its research activities, collaborations with other laboratorgéstarted to

be involved with industrial companies in early 2000s. Since 2000, the laboratory has undertaken many
actions in order to comfort its position as an important actor for textile research with a truly global
dimension. Industrials collaboratiorigve been strongly amplified in the last years with creation of
EUGENIE in 2009 and with a development of activities related to collaborative projects last few years.
All activities undertaken by the GEMTEX take also into account the European dimensi@ENREX

is part of the AUTEX network (Association for Universities of Textiles) which regroups universities
offering textile training and research.

As said above, GEMTEX tries to play an important role in textile innovation and publish its results in
international Journals with impact factorangingfrom 0.5 to 5. Figure 1 exhibits the increasing
activity of publishing. From 2800 date, paper number has increased of a 2.5 factor.
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Figure 1: Bblishing activity in GEMTEX (fr@®03 to datein ScientificJournals with Impact Factpr

Page 3



=B

The Table 1 summarizes GEMTEX European integrated projects (Framework Prorammes 6 and 7).
GEMTEX ENSAIT is coordinator of INTIMIRE and MAPICC 3D integrated projetsiramudved as
partner inseveral other projects

Talde 1. FP 6 and FP 7. Integrated Projects

2009 1 (Intelltex) 1 (Bioagrotex)

2010 3 (Bioagrotex, IMS,
Intimire)

2011 4 (Bioagrotex, IMS,

Intimire, Mapicc 3D)

Similar to publishing activity, involvement of GEMTEX in European as wataslFcollaborative
projects has increased significantly those past few years. To date, GEMTEX leads European projects in
the frame of FP7 and built close partnerships with other universities to take part of other research
programs (see section: List afdfects 2010 on progress).

GEMTEX researchers participate also to a number of International Scientific Conferences (more than
50 per year) and their papers are published in conference proceedings. However, in this report only
journals articles, chapters books and patents from 2008 to date have been presented in order to
focus on the best published papers.

1.2 Strategy and innovations

GEMTEX laboratory consolidates its image on international level and rearaimportant research

partner in the field oftextiles, clothing and advanced materials such as textile composites. The
development strategy of GEMTEX is organised on short and long terms and must guarantee its
scientific excellence, independence and sustainability. GEMTEX laboratory lsaytthe main

innovation tool of ENSAIT. The scientific production of the laboratory has to be balanced in terms of
guality and quantity and regarding to its structure including 3 research groups. The active participation

to scientific networks and clusters incladi creation of common research group with DTPCIM textile
YIGSNAFf&a fFro2NlG2NE 2F a902ftS RSa aAySa RS 52dz
(Research cluster on advanced textile materials) composed of 5 organizations * ENSGIFILille,

ENSAIT, EMDand Institut Pasteur Lifeis2 yS 2 F G KS | 6 DNECIM2Idb@radodly LINRA 2
research activities concerning the infusion process and modelling are complementary with the
activities of the group Mechanias Textile composites whbh is specialized in design and building of
multilayer and 3D reinforcements for composite structures. GIS MTA research cluster aims at

' ENSCL stands for Ecole Nationale Supérieure de Chimie detigiléyww.ensc-lille.fr/

2oL adlryRa FT2NJ | | defipSawnwohéidzRSa RQLYISYA SdzNA =
® EMD stands for Ecole des Mines de Dolatty://www.ensm-douai.fr/

* http://www.pasteur-lille.fr/fr/accueil/index.htm
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increasingof critical mass of laboratoriedealing with researches in the field of flexible and multi
functional materals in order to improve the efficiency and a success rate concerning national and
European call for projects. Moreover, a broad area of cluster members expertise ranging from medical
applications (Institut Pasteur of Lille) to chemical and colour sciefdSCL and HEI) and textile &
composite activities (EMD and ENSAIT) is supposed to bring optimal facilities and answers to industrial
problems related to our activities.

The scientific cooperation agreement sigried2010between ENSAIT and Ecole deségide Douai in

2007 enabled a development of several research actions between the DTPCIM laboratory and
GEMTEX. Therefore, 5 large research projects in the field of composite structures, on national and
Europearlevels, have been approved and have stamtedently. These activities initiated a creation of

a common research group between two laboratories specialized in the field of textile composites.

2. Laboratory structure and members

GEMTEX laboratory structure is shown in Figur®esearch activities arerganised in 3 research
groups with important collaborations among theffihe three research components are centered on
textile materiab and processes and lead by senior Professbine major strength of GEMTEX Lab. is its
deep knowledge dffextile structures and its knowhow to manufacture them.

echanic
¢ Textile

Composites
\ (MTC)
Pri—

Textiles

Materials
and
Processes 4

Human _ Viultitunctuonal

Centered Textiles and
&Design (HCD) chssesMTP)

Figure2. GEMTEX organisation

The list of permanent members of the laboratory is given in the Table 1 with their functions and field
of expertise. The faculties §¢ are presented in the first part of the Takle and then PosDoctoral
researchers (3), Research Engineers (4), Technicians (3) and Administrative staffs (9) are presented.
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Altogether, there are 4 permanent membersin the Table2 and 3 the lists of current PhD students

and PhD students that hawempleted their studies in 2010 are given.

Tablel. GEMTEKermanentmembers

First Name Last Name Function Fields of expertise '\R/lsjs(()ararch
field
Gauthier BEDEK Assistant Professor (HEI) Functionalized textiles HCD
Usha BEHARYMASSIKA Assistant Professor Bio-textiles MTP
Francgois BOUSSU AssistanProfessor Textile Compositesballistics MTC
Pascal BRUNIAUX Professor Virtual garment HCD
Christine CAMPAGNE Professor Functionalized textiles MTP
David CREPIN AssistantProfessor Mechanics- Finite Elements MTC
Eric DEVAUX Professor, Head MTP Group Nano structures Polymers MTP
Daniel DUPONT Professor (HEI) Colour HCD
Pierre DOUILLET AssistantProfessor Mathematics HCD
Ahmida EL ACHARI Associate Professor Grafting, chemisy MTP
Manuela FERREIRA AssistantProfessor Materials MTP
Xavier FLAMBARD AssistantProfessorENSAIT Director | Knitting MTC
Stéphane GIRAUD Assistant Professor Flame retardancy MTP
Michel HAPPIETTE AssistantProfessor Supply chain managemen HCD
Ludovic KOEHL Professor, GEMTEX Deputy Director | Sensory analysis, data processing | HCD
Vladan KONCAR Professor, GEMTEX Director Smart textiles HCD
Julie LEFEVRE Researcher (HEI) Colour MTP
Xavier LEGRAND AssistantProfessor Textile Composeés- structural parts | MTC
Maryline LEWANDOWSKI AssistantProfessor Measuring, testing MTP
Anne PERWUELZ Professor j:::}gzme;{eatmem' sustainabli \\rp
Besoa RABENASOLO Professor Sustainable Supply Chain HCD
Francois RAULT AssistantProfessor Functional textiles MTP
Maryline ROCHERY AssistantProfessor Functional textiles MTP
Fabien SALAUN AssistantProfessor Micro capsules, comfort MTP
Sébastien THOMASSEY AssistantProfessor Forecasting, decision algorithms HCD
Bernard VERMEULEN AssistantProfessor Fibres & yarns MTP
Philippe VROMAN AssistantProfessor Nornrwoven structures HCD
Xianyi ZENG Professor, HeatiCD Group Sensory analysis, data processing | HCD
Aurélie CAYLA Post Doc Sensors, nano structures MTP
Cédric COCHRANE Post Doc Sensors & actuators HCD
Jalloul ELFEHRI ATER:  temporary  Teacher afl » iomation HCD
Researcher
Jallal ISAD ATER: temporary  Teacher —ai oo oy MTP
Researcher
Fern KELLY Post Doc Chemistry, flexible displays HCD
Xwuan TAO g’gs;:mh;?mporary Teacher  a Textile electronics HCD
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Sabine CHLEBICKI Research engineer Sustainable development
Sandrine PESNEL Research engineer Dyeing, LCA
Frédéric VEYET Research engineer Weaving 3D, 2D
Lova RAZAFIMAHEFA Research engineer Dyeing, chemistry
Christian CATEL Technician Dyeing, chemistry
Francgois DASSONVILLE Technician AFM, Apparel
Nicolas DUMONT Technician Weaving

Gilles BARDEL Administrative staff

Franck CLEMMERSSEUNE Q‘;ﬁggj{aﬂve staff, EUGENIE Sa

Blandine DOUMBE Administrative staff, Industry Training

Emilie DUPREZ Administrative staff, Secretary

Moise VOUTERS Administrative staff

Aicha DOUIRI Administrative staff, Secretary

Virginie BRAEM Administrative staff, Secretary

Table 2. GEMTEX PhD stud€Bfs situation on June 30, 2011)

PhD # First Name Last Name PhD thesis title

PhD 1 Benjamin ALLART Integration of tracking filters for tracking a wheelchair from a mobile base

PhD 2 Claire GRELAKOWSKI | Textile electronics interfaces

PhD 3 Stojanka PETRUS Textile structures for controlled drug delivery systems

PhD 4 Ayham ALRUHBAN Design .and chqracterlzatlon of new knitted textile reinforcements for the developmern
composite material

PhD 5 Chiraz AMMAR Control and characterization of colour effeepplication to textilebased materials

PhD 6 Ahmed HAMMOUDA Development and optimization of a binding machine single sided dried composite t
preforms

PhD 7 Marie LEFEVRE New composite structures integrating multilayer fabrics for vehicle armors

PhD 8 Cuong HAMINH Characterization and optimization of new textile structures resistant to ballistic impact

PhD 9 Jan VAN ROEY Study of dynamic behaviour of one sided device for linking of composite reinforcements

PhD 10 Lichuan WANG Developing a suppbsystem for creation of clothing styles using advanced computing

PhD 11 Awa Soronfe | DOUMBIA Nanopatrticles for the production of materials and biodegradable-ba&gkd PLA

PhD 12 Marion AMIOT MANSART: Textile Materials Architectures structural apjiicat

PhD 13 Senem KURSUN fSitl)Jr;()ezort system for the visually impaired people integrated within clothinge of conductive]

PhD 14 Jérome VILFAYEAU Numerical modelling of theveaving processf fibrousreinforcementsfor composites

PhD 15 Munir ASHRE Study and d'evelopment of treatment of nanotechnoldmpsed textiles: application to sel
cleaning fabrics

PhD 16 Nizar DIDANE Developmen_t of Intumescent polyester fibres for manufacturing of textile materials recq
and composite structures

PhD 17 Brahim LAOUISSET Develppment of an intelligent design support system for production of advanced com(
materials

PhD 18 Walid NAJJAR Contribution to numerical simulation of stamping process textile preforms for comp

applications
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PhD 19 Vanessa PASQET Study of methods of treating textiles with low environmental impact

PhD 20 JeanVincent | RISICATO Optimizing the location in space of reinforcing materials for composite profiles

PhD 21 Marie DE SAXE Life cycleassessmendf textile products

PhD 22 Offa EZZAR Development of a system design of maoven materials using technigues of advanc
computation

PhD 23 Ludivine MEUNIER Development of flexible displays based on electro chromic inks

PhD 24 Zhebin XUE Study of the relationship between visualdatactile perceptions in textile materials

PhD 25 Imed FEKI Contrl'butlon to the poly_sensory evaluatlo_n and mo_delllng of the finishing processes of te|
materials- Influence of visualactile properties of fabrics

PhD 26 Benjamin PROVOST Developmenbf a structure woven composite armour structures

PhD 27 SongXue SHA Real time in situ measurements of deformations in composite ballistic structures by fi
sensors

PhD 28 Nicolas TRIFIGNY Measures and understanding of mechanical behaviours in lay#ti woven structures

PhD 29 Jonas BOUCHARD Embeddlng and alignment of carbon nanotubes in polymers to manufacture conductive yg
composites

PhD 30 Adrienne LECAS Preform study of carbon reinforcement structures

PhD 31 Ahmad LABANIEH Multilayer and multiaxis weaving

Rashed

Table 3GEMTEX PhD students who graduate20h0 and 20111@4,dzy G A f G K S

PhD # First Name Last Name PhD thesis title

PhD 1G | Walid JERBI ;nr:zlr;:ig?rt}f(l)el_\/;\)“r)?/(:;cit)i\r/ci)tgucc:)t];non—woven productionlines Develoment of online quality
PhD 2G | Ahmed KERKENI Biofunctionnalized PET fibrous structures with molecules of biological origin

DG | mad | AL | e e e e e o e
PhD 4G lonut NEAGU Zt?;izgé??rr;i]opgrir:odel|ng and simulation of dynamic behavior of the yarns submitte]
PhD 5G | Gauthier BEDEK Design of a mullayer auto cooling textile structure

PhD 6G | Christophe NOCITO Photovoltaic textile structures integrated to owning

PhD 7G Xuyuan TAO Smart textiles structures fibrous transistors

PhD 8G | Jalloul ELFEHRI Anti-ulcer device; system approach

PhD 9G | Aurdie CAYLA Implementation of multifilamentbased polymer blend with biphasic loaded carbon nanotubg
PhD 10G | Gwladys BENISTANT Anti-viral functionalization of textile structures

PhD 11G | Yijun ZHU Identification and characterization methodology of theteria of weltbeing of clothing textiles
oD 126 | e | AR | e e o o0 o e s et of sfer
PhD 136 | Saad NAUMAN Line Strucural Health Monitorng Using Fiexle Textle Sensors. -+ |
PhD 14G | Ines BOUFATEH Analysis of criteria of social responsibility and environmental assessment of the supply ch

the textile

(0p))
<,
pu
N
-+
o]

As a worleclass research facilitytGEMTEXab is a valued partner to the local, regional and national

education communityGEMTEXab's longerm commitment to science education continues to focus

on increasing the number ¢thD studentsvith a substantial backgrounth textiles strengthening the
motivation and preparation of all students
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3. Research Groups

This section gives a comprehensive overview of research activities of GEMTEX groups their main
achievements and collaborations among them

The overall importance of scientific research is evident. All the objects, real and virtual, are made as
result of research activities. Highly profitable and flourishing industrial sectors are those where the
research efforts and investments were themtgest. The situation in the TextieRetail complex is

different. Research activities supposed to bring higher added value to textile based objects and
products are not satisfying. Despite of efforts, the number of high quality scientific articleg is no
significant all over the world and particularly in Europe, comparing to the number of jobs and the
annual turnover of our industry. This situation should change. The promotion of research activities in

the Textile¢ Retail complexare the main objective®f the GEMTEX laboratorihis is also done

through the organization of International Scientific Conferences and exhibitions involving GEMTEX
YSYOSNE a4 AOASYUGATAO O2YYAUGSSaQ YSYOSNR 2N SOS

The GEMTEX laboratorscientific excellece, together with the relevance to industry or @EMTEX
goals, should be achieved by tli@portant research efforts in the field of textile processes and
materials. The purpose of theeport on GEMTEX research activitisdo outline various scientific
activities of research groups.

3.1 Human Centred Design Research Group

Human
Centered

Design (HCD)

e Decision support system

e Modelling and optimization of
products, processes and
organizational systems

e Human factors: perception,
cognition and
Man/Material/environment
interactions

¢ Instrumentation and Control

Design (HCD) |

Human Centered

3.1.1 Keywords:

Decision support system, modelling and optimization of products, processes and organizational
systems, human factors: perception, cognition and man/material/environment acténs,
instrumentation and control
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3.1.2 Overview

Regrouping theskills of 11 permanentteachers/researchers of GEMTEX Laboratory, this research
group aims at developing advanced computational toatgl instrumental and human measuring
methodsfor design of dvanced materials, such as multifunctional antélligent materials, as well as
personalized garment£haracterization and modelling of human factors, including expert knowledge
2y LINBRdzOGa |yR LINRPOS&aaSaszr 02y adenhSeNdmfortlasNnaIS LIG A 2 y
being), fashion styles and body shapasd control and optimization of man/material/environment
interface, constitue the key issues in the proposetdksign processe$or materials and finished
products Modédling with learning fromexperimental datahuman cognition angbhysical lows is the

main computational tool used in this group. In the frame of these activities, 5 PhD students defended
their thesis in 2010 and 2011, and 9 PhD students are carrying out their research projects.

The activities of HCD group are realized in strong cooperation with MTP group (Multifunctional Textiles
and Processes) and MTC (Mechaid®xtile Composites), in the frame of Sustainable development
based design for materials and processes, sensory de$igdvanced materials, and design of smart
textiles and also in structural health monitoring of composites using flexible fibrous sensors and
adapted miniaturized electronic devices. About 50% PhD students working on the topics of HCD are
supervised by rgearchers of these groups.

Our research group is working around the following topics:

1 -Personalized product design using virtual prototyping

Figure 3.New concept for garment design and production, man/garment interface

Thistheme aims at developing a new design concept calledan/garment/environmentinterface»,

which requirescollaborations between different areas Its main objective ido integrate virtual
LINPG20G@1LJSaz altSa St Sy Shfidgamnfor inté tkeAsame designpio&ss by Y R 4
suitably applying garment CAD software and modelling textile strestuand human bodies.

According to Figure 3, this virtual technoldggsed design process include the following step<S[x)
digitalization ofhuman body using body scanneig3-1); b)a2 RSt f Ay3 2F 02y adzySNI
from data generated from thecanner ig. 3-2) using a neural network; c) Creation of a 3D adaptive

and parametric model with the concept of man/garment interface , integrating an adaptive or fixed

model of human body, a model of ease allowance and a model of garmignB); d) Ceation of a

model of ease allowance using fuzzy logic and sensory evaluation of fitting comfort; e) Creation of a
garment model using draping techniquesg(RB-4) based on the model of ease allowance and the 3D
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visualization of the virtual garment, anckalization of 2D garment patterns for analyzing fabric
deformation and verifying material constraintsig.3-5,6); €) Dynamic visualization of the realized 3D
virtual prototype for alidating the proposed designi¢f-37), and association of the geometrnodel

of the garment and the mechanical model in which Newton law is applied (B)g. 3

The concept of man/garment/environment interface enables to relate the work of different design
offices to sales elements on Internet through a series of adaptivdetso This virtual technology

based design process can increase 5 times the potential of design. It has been successfully applied to
garment and furniture design.

2 -Sustainable developmenbased design for materials, processes and supply chain

Thistheme first aims at developing a number of mutiiteria decision support systems fevaluating

textile processes, materials and organizations of the textile supply céhaiearms of environment,
human healthand social impactsA normalised evaluation procedeirwill be proposed to acquire
relevant data from professional experts and physical measurements. The decisions support systems
can be optimised by taking into account not only the specific evaluation and measuring data but also
the general professiondduman knowledge on production systems.

Currently, an evaluation system of multiple criteria decision making has been developed in order to
carry out the life cycle assessment of textile products in the whole textile supply chain in terms of
environmental inpacts. Another risbased system of multiriteria decision support system has been
developed by integrating more general sustainable criteria (environment protection, recycling
capacity, energy saving, human health and safety, and social impact) (Sex HigBy combining
expert knowledge on enterprise strategy and measured criteria using linguistic computation
techniques, this method permits to select the most appropriate textile material and its supplier.

Sustainable development

Level 1:
Level 2: Economic Social Environmental
Level 3:  Econ indicators Scial indicators Env indicators

Figure 4. General scheme of the hierarchealluation structure

Based on the evaluation results, new organizational solutions are proposed for realizing demand
driven production, sourcing and marketing.

In the past decades, manufacturing activities have mainly migrated in countries which prowiee |
production costs, especially in the textdgparel sector. In the framework of sustainable
development, this new configuration involves numerous logistical and supply chain challenges. Indeed,
the increase of lead times combined with the short lifeles of products such as fashion apparel,
require advanced information and decision systems. Therefore, demand forecasting is then crucial and
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extremely challenging since it is the entry of the supply chain management. The success of the whole
supply chai for textiles and garments highly depends on forecasting accuracy.

A number of new forecasting systems have been propdsed Figure 5) by taking into accouhe
textile-apparel constraints, including:

- horizons related to the supply lead time - hightfashioned life cycle of products

- SKU proliferation - seasonal trends

- many exogenous factors

Historical items Future items

| Sales profiles | Descriptive attributes |

e | —— L Y —

! Cohéarnis clisténng

new item = [low price ; no fashion]
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Figure 6ldentification and quantification of #bullwhip effect in a 2 scatupplychain
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Anotheraim of this themeis to model the textileapparel supply chain, composed of many actors and
a huge number of parameters, to identify daquantify bullwhip effect (due to errors of forecasts and
sourcing strategies) on inventories, service levels and pr@kts Figure 6)

However, other strategies currently arise as an interesting alternative or a complementary method of
the demand foreasting approach. Among them, demand driven models, late stage configuration and
postponement methods, have demonstrated their efficiency in some indusector. These strategies
require high technology systems to share and to deal with many data. Theofathe team is to
propose further developments in terms of design prodactd SCM in order to implemerihese
strategies in the specific textl@pparel market. Demand driven sourcing decreases inventories, makes
replenishments possible, makes the useaaf materials and energy more efficient and reduces mark
down volumes in retailing. By combining the best practices of global and local sourcing the
sustainability and competitiveness will be enhanced. New environmentally acceptable methods of
producing extile fibres and sourceeduction of the textile chain will be proposed by designing for less
material but more consumer value.

3- Computerized design of advanced materials using decision support systems

P /
s

Figure 7. (1) Computerized dgs (2) Physical measurement (3) Production line

This theme aims at optimizing multifunctional material design using decision support systems and
intelligent techniques (fuzzy logic, neural network, genetic algorithms). In thetees of this theme,

there exist strong collaborations with the group MTP (Multifunctional textiles and processes). The
problems encountered in computerized design for materials mainly include modelling of processes and
textile materials with insufficiendata, formalization and analysis of human knowledge on processes
and products, searching for optimal design of experiments with few tests.

For modelling textile materials, the research work is focused on

- extract and select relevant structural featuresnofterials using image analysis,

- modelling the relation between structural features of materials and functional properties using
neural network and data clustering,

- developing decision support systems for material design with raotitiria,

- modelling andsimulate pore structure of textile materials (yarns and nonwoven) using image
analysis and fuzzy techniques,

For moddling of a process, the research waskfocused on

- selecting relevant process parameters in order to reduce the complexity of the modenake
easy the parameter adjustment,
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- modelling the relation between selected process parameters and features of finished products by
integrating measured data and expert human knowledge,

- developing a decision support system for nonwoven production blizieg an industrial vision
system for measuring uniformity properties, permitting to perform online quality inspection of
products and optimize production.

The combination of these two models can be used for predicting quality criteria from desigrsfattor
new materials without taking any measures, and determining suitable design factors for new materials
from quality requirements (See Figure 8).

Design factors Quality criteria

) I Functional properties
Raw materials—— |

—————— Structural constraints

Process parameters—————»| - ——— Sensory properties

———— > Special properties
Structure parameters ———»| ) )
—— Economic constraints

Production environment————»| Societal constraints

—— > Ecologic constraints

Figure 8. Modelling of relations between design factors and quality criteria

Based on the previous wik, we proposed a general design process for multifunctional materials.
Inspired by Design for Six Sigma (DFSS), this design process is composed of five stages: Define
MeasureAnalyseDesignVerify.

| Customer requirements |

Define

| Quiality criteria |

Select or set up the characterization methd
(objective/subjective)

Measure

Analyze existing products and patents

Analyze Generate designer ideas for developing

product concept

| Manufacturing of prototypes |

Design
| Assessment of prototypes |

No . .

““““““““““““ Yes

| Commercialization |

Verify

s T T 4

| Mass industrialization |
@-----===-

Figure 9. General design process for multifunctionaterials
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hdzNJ AGdzReé A& O2yOSydNIrGSR 2y (GKS adlr3sS a5Sairdye
prototypes and assessment of prototypes. The main idea of this stage is to validate and validate the
LINS @A 2dzda LINR RdzOG dza Aty st i§thrau§hN\adiiQited skrigab pridoRmedhe I vy R
material model and process moddescribed previously have been uséd studying the relations
between the requested properties (specifications) and the design factors (raw materials, product
structure, process configuration and parameters etc.). éehrsources of information have been
exploited: the production database, statistical data extracted from new experimentations, as well as
the knowledge of designers and producets. this context, a softwa system integrating the
developed models, the related database of materials and other data mining procedures has been
implemented and successfully applied to design of several series of nonwoven materials. Also, another
software system for global evaluati of prototypes has been developed in cooperation with
University of Technology, Sydney. It is a hierarchical evaluation structure, taking into account all
abstract and concrete design elements (See Figure 10).

écologiques

Aspects Criteria Indicators
e é
| Propriétés Apparence |
sensorielles A
Toucher | e
b ” Mécanique | é
Performance f rct>pr|e e"s
onctionnefles Hydraulique | é
Dimension | é
L | Propriétés
structurelles Composition | 6
Global evaluation of Raw material cost | é
prototypes of I Economy |—| Production cost
multifunctional P " | .
materials rocess cos é
Contraintes Impact sur les consommateurs | é
sociétales Impact sur Ies producteurs | é
L | Environmental
impacts | 4
Contraintes 4':1 Recyclabilité é

Blodégradablllté |

o

Figure 10. General hierarchical struetdor global evaluation of prototypes

4 - Sensory design: integration of human perception and cognition into design processes

¢tKAa GKSYS FAYAa G OKIFNIOGSNATAYy3I O2yadzySNRa LIS
and integrating them into thedesign process for textile materials and finished products (sensory
design). The techniques of sensory and magiisory evaluation as well as advanced computing (fuzzy
f23A02 3ISYSGAO FftI2NAGKYAZ RFEGE FdzaA2y > Of dza i SNA

For general consumers, an industrial product can be perceived at two (SexdsFigure 11)1) Basic
perception, dealing with their primitive sensation and preference on the product using five senses:
vision, touch hand, hearing, odg and taste. Theocial and cultural background around the product is

y2i O2Y&AARSNBR® ¢KS NGB tsoftd SlexibleISshtiBir TERNI ONA dzEHNA K |-y
dorillianté Slighticolaré ¥ 2 NJTHS fodsik Pefcdived criteria are easily understood by prioduc
designers and often considered by them as one part of design fa@pomplex perception, dealing

with abstract and complex social and cultural concepts around the product. The related concepts
include fashion, brand effect, welkeing, comfort, health friendly, etc. Each complex perception

Page 15



=B

concept can be decomposed into a number of simpler evaluation indicators or ambiances. For
SEIFIYLX SE Ay &a2YS &LISOATAO aAldz (spdtye Sefakatiof 52 y & (i
Gprofessionad = Huyuig @8 9 OK S@I fdzt GA2Yy AYRAOIG2NJ A& dzidz
images describing the corresponding ambianCemplex perception is generally used by marketing

RSLI NIYSyida T2N OKINIOGSNAT Ay3a 02y deyzuré nheasilyd SKI @
mastered by product designers in the development of new materials.

Design space | Perception space

Functional properties:
thermal isolation, air
LISNYSEFOATL AL

Complex
concepts:
fashion,
brand. welt

Decomposed
evaluation indicators:
sportive, relaxation,
UE dzNB = X

Basic perceived
criteria: soft,
RNE =

0 NJ

|

|

|

|

|

|

I . .
i Material properties
|

|

|

|

|

|

|

|

CAIdz2NBE mmod wStliA2yaKALl 60SG6SSy RSaAdy FyR O2yad

In the frame of basic perception characterization, we have worked on fabric hand, fabric appearance,
colour and thermal comfort. The main activities include:

- training sensory panels and organizing sensory evaluation for acquisition of normalized sensory
data (descriptors and scores)

- formalizing sensory data provided by experts and consumers using fuzzynlogéer to extract
relevant inbrmation an perceived quality of products

- measuring relevant physical features related to fabric hand (KES: Kawabata Evaluation System,
optical profiler and UST: Universal Surface Tester) and colour {anglé colorimetey

- modelling relations betweerselectedphysical featres and normalizedsensory descriptorgor
different categories of textile materials and creating the corresponding material library. This step
permits to interpret physical features of materials usiegsory descriptors.

- modelling relations between process parameters and selected physical features in order to
improve sensory quality in the production of new products

- developingoptimizeddesign of experiments using dynamic learning techniques in ordexdiace
evaluation cost while maintaining agacy of results

- characterizing the relations between different sensory panels, especially between sensory
RSAONALII2NB dzaSR o6& SELISNIA yR 3SySNIf O2yads
sensory desriptors

- evaluation of thermal comfort in a climatic chamber and modelling relations between textile
parameters and thermal comfort for developing new comfortented materials
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Figure 12. Fabric hand evaluation Thermal test Kawabata evaluation system (KES)

In the frame of complex perception characterization, we have worked onseiisory evaluation and
modelling in the aspects of general comfort for garments, elhg, human body shapes and fashion
styles. The rin activities include:

- developing a new consumer evaluation method for acquisition of data onbe@lg of textile
materials by means of a set of fashion images describing the corresponding ambiances (sportive,
f SA&dz2NBx NBfFEFGA2Y T X0

- modelling the relabns between design factors (material parameters, colour, style) and criteria of
well-being

- aggregating sensory data of different aspects (fabric handucotmpeeNJ y OST adGéef Saszx X
to develop criteria of welbeing and comfort and predidtehavour of consumers

- developing searching engines for deducing concrete design elements (cutting, matdoaN2o X 0
from abstract sensory criteria of fasim designers and general public

- AYOGSNIINBGOGAY3I FFEONRO KI YR ¥FNER Yn odardodaartsnit tactile 2 N | { ;
feeling of materials via Internet, and integrate and control sensory criteria in virtual prototypes.

i . | i . i
: Design Space ! ! Marketing Space !
| | | |
i Items i i i
| | | |
| A Mechanical | l < :
| | | Warmth |
i parameters i i e
| Touch 1 i : = |
| | |
' | handle ‘ ! ! 2
| Sensory il | LI
: attributes | i | g |
| | Identjfication | g |
: Style B > = P

=
| | Appearance | : !
| Color .| | !
| | | |
| | | |
| | | |
| | | |
! | | |

Consumer feeling

Figure B. Modelling the relations between design factors of materials and criteria oftveétlg
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A software system for chacterization and modellg of weltbeing has been implemeatl and
successfully applied in a garment company for designing newbeigly oriented products.

5 - Smart and multifunctional textiles
In thissectionthe concept of intelligentextiles andapparel developed in our laboratorig introduced.

¢ KS G SNY takileg &ISIILIANDISY G R S atéxtldisouStaresthat Hag dctiexfun@idns,

in addition to the traditional properties of clothing. These novel functions, or properties, asineiot

by utilizing special textiles or electronic devices, or with a combination of the two. Thus, a sweater that
changes color under the effect of heat could be regarded as intelligent clothing, as could a bracelet
that records the heart rate of an athkewhile he/she is exercising.

There are three categories in which intelligetothing can be classified

w /[ f20KAY3 aaradlyda ddKFdG KIFEIGS I WYSY2NERQS aiz2N
w /[ f20KAY3 Y2y Ald2NR (h&hedith offiepardbR, (G KS 0 SKI @A 2 dzNJ 2 N
w wS3dzA I GAPS Of20KAYy3 (GKFd FRa2dzaGa OSNIFAY LI NIY

All intelligent clothing can function in manual or automatic mode. In the case of manual functioning,
the person who wears the clothing cawct on the added intelligent functions. In the automatic mode,
the clothing can react autonomously to external environmental parameters, i.e. temperature,
humidity, light, etc.

Communicative clothing can be perceived either as an extension, or as thegaegtation, of
intelligent clothing. Although all clothing communicates intrinsically by virtue of its appearance, the
type of communication referred to here is that of information coded and transmitted by means of
electronic components in clothing. Thategration of portable telephones and miniature PCs are just
two of many applications being studied and more are yet to be imagined. Communication can be
achieved between clothing and the person who wears it, or alternatively between clothing and the
extey  f SY@ANBYYSYid YR 20KSNBR® LYy 0620K OFasSaz W
textile accessory that receives or emits information out of ttracture that it is composed of.

Everyone wears clothing; however, the needs will be differethiwiany given group of people. Let us
simply note that the broad, principal topics are:

w t NRPTRHXKS2 WISISR T2N WKIFyRaE TNBSQ FTdzy OlAaz2yas al
w | SIfGK OFNB o0Y2yAG2NAY3IS GNFAYyAy3IS NBY2GS RAL
w 9OSNERIF& fwelnSss)p 1St SLIK2yAy3s

w {LR2NIA& O6GNFAYAY3IS LISNF2NXYIFYyOS YSI&adNBYSyidoT
w [ SAadzNBE o0 SAaGKSGAO LISNE2YFEATIGAZ2Y S yShig2N] 3l

In thissection the latest achievements of the research team dealing with intelligent textiles structures

are presented.The original contribubn of the GEMTEX laboratory the area of intelligent and
multifunctional textiles concerns following areas
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i. Textile sensors and actuators

Different fibrous sensors have been designed and realized in our laboratory for various applications
such as prachute canopy instrumentation (Figure 14) or structural health monitoring of composites
for aeronautical and ballistic applications (Figure 15).

Textile sensors

Data acquisition &
recording miniaturized
card

Figure 14. Strain gauge coated on parachute canopy nylon 6.6 fabric

-

[T

Figure 15. Carbon composites equippeith piezoresistive fibrous strain sensors
Our research team developed heating textiles based on coating by conductive composite polymers
(Figure 16) as well as photovoltaic composites used for outdoor textiles (Figure 17). Research activities

of our tean were focused on the development of conductive textile support and lamination process in
order to embed flexible solar cells with amorphous silicon to outdoor textiles.
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a)t=0s b)t=20s

e)t=120s f)t=180s 20.0

Figure 16IR image of 60 wi% CB heating element from a) t = 0 s 1 to f) t =4,8fltage =
15V

Figure 17. Photovoltaic composites for outdoor textiles

ii. Flexible displays

Concerning flexible displays our research team realized optical fibres fabrics able to display patterns
and text (Figure 18). Displays based on LEDs (Figuré)l8eposited on flexible substrate and
integrated to textiles have also been designed and made. Currently we work on electro chromic inks in
order to conceive flexible high resolution colour displays for technical textiles.
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Figure B. a) Optical fibres fabrics b) SMD LEDs flexible displays integrated to clothing
ii. Textile electronics

The design of fully textile organic electronic circuits is the main objective of this research group.
Therefore conductive and semi conductive fibrous structuaess currently under investigation. The
Wire Electrochemical Field Effect TransistoVEC FET (Figure 19) is the main achievement of those
researches. It enables together with fibrous resistances the realization of textile digital and analogue
circuits sub as NOR gate, follower, amplifier etc. (Figure 20).

Figure 20. Textile amplifier with connectors to power supply and scope (black threads in green cotton
fabrics)
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3.1.3 Key academic collaborations

- GRASYHM(20082010)(regional funding; Regional Research Network in Automajioextraction
of relevant semantic informatiorirom complex systems with LAMIH Laboratdsyiversity of
ValenciennesEcole des Mines de Douai, Department of Applied Mathematicbé @omputer
Science/Gent University (BelgiurBERPI (Innovative process research group)/ENSS&icy

- GDR E HAMAS¥ZDO0S ) (CNRS fundingEuropeametwork of excellent foman-machine systems
in transport and industry with LAMIH/University of Valencies, HEUDIASYC/UTC in Compiégne,
Technical University of Berlin

- ARCUS (20e8010) (funded by French Ministry of Foreign Affairs and Region of-Rasdde
Calais): scientific collaboration program with Romania and Bulgarjzartner of GEMTEX:
University ofTechnology of lasi (Romaniaproject topic: Creation and design of garmentase
of dynamic modelling ansimulation of textile structures

- EU projectAsiaLink (20042008) European research cooperation program in partnership with
University of Minho Portugal), Donghua University (China) and IIT (IndjaPevelopment of
research partnership network between Europe and Asia by exchanging young teachers and
researchers¢ research topic: design of multifunctional materials, textile comfort, plasma
treatment

3.1.4 Key industrial collaborations

- NWGCX (20092012): French industrial research program EWAroject topic:New technology for
production of 3D nonwoven strutures with optimized composite sandwich@sain partners:
SICOMIN, Ecole des Mines de DpliiHGLEROY, AsselinbautX

- Industrial project with NSC Thibedsselin (2005¢ 2009): improvement of productity of
nonwoven production lines: real time analysis of carded veil and automatic monitoring and
optimization of machines

- Industrial project wih Bureau Veritas CODDE (22D.0): evaluation of environmental impact of
textile products

- COLIVAD, recognized by the Cluster of Commerce Industry {200®)and conducted bACTEOS
company: optimal control of delivery process for distant sales

- Industrid project with DAMART and recognized by-T#x Cluster (2006 2010: selection of
relevant textile components in terms of comfort and wiedling

- Industrial project with Unilever (2007 2011): study of relations between textile hafekling and
effects d the softnerin order to optimize product quality

- Industrial project with Décathlon (20062008) sensory evaluation of thermal comfort of textile
products in order to optimize the selection of component parameters

- Industrial project with Georgia Pacifi@010): Study of relationships between hygienic paper
products features and the softnegdroject in partnership with AgroParisTech, Paris, France.
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Industrial project with CLARINS (2011): sensory evaluation of velvet fabric and cosmetic pgoducts
Projed in partnership with Ecole de Biologie Industrielle (EBI), CrRoyyoise, France

Industrial project with CELABOR (2011): characterization of the correlation between instrumental
measures and softness of papers

Industrial project with Ganzin20052009): characterization of compressiwirgicalstockings

Industrial project with Capcusto and recognized byTép Cluster (2008): study of feasibility of the
design chain for personalized jeans

2008cHnamMm o/ fFNAyasz 5D! ZX0o
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3.2 Multifunctional Textiles and Processes Research Group

wSurface Functionalizatién

wSurfacesk Interfaces(adhesionjnteractions,
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wColloids(>capsules..)

wPhysicathemistry ofpolymers(fibers,cables,
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3.2.2 Overview

The scientific themes developed in the grodgultifunctional Textiles and Proces$dgave globally for
ambttion to confer to textile structuresfipres, woven and knitted fabrics, nonwovens) new functional
properties, to contribute to the sustainable development of the textile materials, and at last to
understand and master the relationships between the mantufacg processes and the properties of
materials.

1- Nanostructurationof textile materials
The basic constitutiveelement of a textile structure remains fundamentally the fibre. With the

development of technical textiles and the idea to give to the texti
material a strong added value, the strategy consisting in
functionalizingthe materialin orderto offer him original properties

has gradually emergedVhether it is of natural, artificial or synthetic
origin, the fibre became the object of numerous rnisfiormations,
either in bulk or on its surfaceMoreover, the exploitation of
nanotechnologies applied to textile since a dozen years, as well as the
: development ofsmarttextiles allowed a very important development
Figre 21Melt spining of this kind ofmaterialsand their apgications

pilot line for the
processing of polymeric
multifilament yarns
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With the acquisition of anelt-spinningpilot line in 1999 (cfFigure21), the GEMTEXaboratory began
during this period to incorporate functional naffibers in spinnable polymers with the aim of
optimizing thefibres properties. It is firsof all the improvement of thdire behaviar of textiles that

was envisaged. Variousommodity polymers (polypropylene, polyamide) were studied after
incorporation of diverse nanofillers (modified clays, carbon nanotubes, graphite). Even if the majority
of the results obtained with only clays show that this solution is not generally competitive with the
classic fireproof loads, we notice however globally an improvement of the thermal stability of the
textile fibres (cfFigure22).

Improvement of —Reference

thermal stability ==-Clay: C15A [5 wt.%] |[ 3
S e Graphite [5 wt.%]
==-MnO [10 wt.%]
----- Mn203 [10 wt.%)]
— MnC204 [10 wt.%]

-

Deriv. Weight (%/°C)

Weight (%)

Temperature (°C)

Figure 22TGA experiments under air on PP
multifilament yarns filled with various nanoparticles

In the particular case of thearbon nanotubes, &first patent was also deposited in 2004 with the
Nanocylcompanyfor the incorporation of these nariilers in spinnablepolymers, in particulafor fire
resistance applicationéE. Devaux, S. Bellayer, SeBiki, S. Bourbigot, A. Fonseca, JAgdwad, 3B.

b I 3 & Contindous textile fiores and yarns made from a spinnable nanocompdsite
WO/2004/090204A2, PCT/BE2004/00004%nese firstinvestigations allowed the laboratory to
acquire skills recognized imé spinning of nanostructed polymers, and to detect very interesting
potentialities in particular for theuse of carbonnanotubes. These nanomaterials indeed possess
electrial conductivity properties which can be exploited for the development sinart textiles and
flexible sensors. Within the framework of the European projaBELTERPCRD 6), we so contributed
to the development of flexible textile sensors for chemical, mechanical and thermal dete€tien.
final goal of this workvasto integrate in Rrsonal Protective Equipmes(PPE) for firdighters, a new
textile composite based on the use of these innovative nanofillers enabling them to be addited
critical elevation of the surrounding temperature. Thealisation of this sensorequires he
preparation of a biphasic Conductive Polymer Composite (CPC), where the two polymefartiaare
melting temperatures and one of which corresponds to the wished dete¢torperature (cf.Figure
23).
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Figure 24Biphasic
monofilament where
one of the phases has

been dissolved

Figure 23Flexible sensor made with
carbon nanotubes filled yarns

The CNTwere introduced in the phse which is sensible to the temperature elevation
(polycaprolactone) and protected by the second polymer whose melting temperature is higher
(polypropylene). For our application, an interpenetration tfe two phases (caontinuous
morphology) and a seléee localization of CNT in the PCL are privildgastderto obtain satisfactory
electrical conductivity. Once the development step of the biphasic conductive multifilament reached,
the yarn is embedded in an instrumented woven structure, which pernoitsetord the electrical
signal. The presence of a Positive Temperature Coefficient @¥EC) allows the detection at the
melting temperature of PCL (58°C). The first prototygegelopedunder conditions close to reality
show the reproducibilityof these promising resultsThe same kind of approach has been used for the
realization of chemical sensors. In the presence of volatile solvents indeed, the polymer shows a
swelling which promotes the depercolation of the nanotubes incorporated in the fibre,tlzew a
decrease in the electrical conductivity. Different samples have been tested in various environments
and show satisfactory responses. Figure25 for instance).

Dr/rqy

0 =

15 20 25 30 35 20 a5 50
Time (min)

Figure 25Sensitivity to various solvents of carbotr
nanotubes filled multifilament yarns

Within the framework of the European project IMS & CPS (Innovatateridls Synergies & Composite
Processing Strategies) (PCRD 7¢, have continuedour works on the incorporation otarbon
nanotubes inspinnablepolymers byusingthermostable materials for aeronautical applications. The
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elaboration of these mulilament yarns is donewith high thermal stability polymers (phenoxy,
polyethersulfone)which aresoluble inathermoset matrix of epoxy type. Thigesearchfocuses on the
study ofthe spinnabilityof these polymers and on the analysis of tspersion and oriertion
parameters of the nanotubes in the yarns The electrial and mechanical properties of the
multifilamentsare also mvestigated Theseyarnswill indeedbe incorporated into composite materials
for an improvement of the mechanical and electr@ properties (protection against lightning and
magnetic interferences particully).

With the rising concern for environmental protection,
biodegradable polymers, biopolymers and biocomposites ha
attracted considerable attention for biomedical engineering. |
competition with petroleumbased polymers, polylactic acid
(PLA) is one of the most promising candidates for futu
developments. PLA is currently receiving considerable attentic
for rather conventional applications such as packaging materiz
as well & production of textile fibres (cf. Figugs) , but finds A A
also higher added value technical applications when formula:  Figure 26PLA knitéd fabric

for instance with dispersed nanoparticles. Multiflament PI for antibacterial applications
nanocomposites filled with environmentally friendly ZnO

nanofillers (withor without surface treatments) have been processed by melt spinning, with the
objective of special endse properties such as antibacterial effects (NANOLAC, INTERREG IV program).
Surface treatments of ZnO based on the use of silane promote a good dispefsianofillers in PLA.
Moreover, this contributes to improve thermal and mechanical properties of PLA compared to ZnO
without surface treatment. Besides, bringing antibacterial properties to PLA by adding zinc oxide has
been established. Excellent dvdicterial activity has been observed with only 3 % of nanofillers on
gram positive bacteria and relatively good activity on gram negative bacteria.

The spinning of complex formulations filfed polymers also turned to the development pblyester

based intumescentfibres for the manufacturing oftovering textile materialsand of composite
structures (INTUMATMational project). The polyester has good mechanical properties and a relatively
low cost. Howeverit shows a weak firdehaviairr which prevents itsuse in certain domains such as

the transportor the buildingapplications In the railroad sectofor instance the fire standards are
strengthenedand justify the emergence of such projecihe general idea is to finalize original fire
proofing formulatons which useynergeticeffects betweerdifferent fillers(POSS and phosphinates in
particular), and proote the intumescence of the textile

structure during its combustion.

Lotus effectis a combination of nantevel surface
structure and hydrophobic ntarials. This propertyhas
been investigatedon textile substrates due to their
importance for industrial applicationggpellent coating,
seltcleaning and prevention of biofouling). The process
used to develop such surfaces was to create a nano
roughnesson substrates and to coat it with hydrophobic
thin layers ¢eposition of ODTMS with chemicehpor
deposition methods The nanestructuration has been
generated by the growth of ZnO nanorods at the surface

Figure 27: AFMnalysis of nano
roughness on PET fabric with
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of PET (cfFigure27) and cotton fabric. Nanseeds of ZnOprepared bysol-gel processare firstly
deposited on surface. Secondly, hydrothermal processised to grow nanorodSPHERHEC
program) The average water contact angle on PET fabric without nanorotig8is after thevapor
deposition mehods with ODTMS, Wile the average
contact angle on PHE@&bric with nanorods modified by
hydrophobic layer byapor deposition methodss
158. These resultshow that naneroughness haan
important impact on the superhydrophobicity of
surfaces. Dielectric barrier discharge (DBD)
technologies could also createrano-roughnessat a
polymer surface We have obtainedchemical and

Figure 28AFM analysis of nan physical nanestructuration of PPsurfaceby creating

roughness on PP film after bumps of oxidized polypropylengith an atmospheric

atmospheric plasma treatmen plasma treatment. Various parameters such as
treatment speed or electrical power were changed in order to determinetitb@ment power impact
at the polypropylene surfacePolypropylene film surface topography was analyzed by atomic force
microscopy (AFM) in ordéo observe thesurface roughness modificatiofsf. Figure28).

2- Surface treatments of textile structures

Technical textiles are more and more extensively used in the field of medical applications. Since 2007,
GEMTEX laboratory develops activities concerning the ifumadization of textile structures which will

0S Ay O2y il Ol 6A0GK | tABAYy3I SYySBANRBYYSYyid 606l OG SN
the delivery of drugs and medicines.

Biofunctionalization of biocompdtie non biodegradable (PET) and/diodegradable (PLA) textile

fibres has been carried using different methods and products for diverse applications such as apparel,
medical and food packaging and even

80,000

R —4—PET as fibrous membrane for bioreactors.
S0 u . —B- PET +plasma Differentbiopolymers ~ (such  as
20000 - A & PET + Chitosan chitosan and algirta), natural

W PET+plasnat it oyrcumin having particular medicinal

properties, and natural nisin (natural
ooe ' ' ‘ “ ' ML antimicrobial peptide produced by
Lactococcus Lactis) have been used for
surface functionalization of textile
with or without a surface activation
using atmospheriplasma treatment
or UV excimerAlginate and chitosan
have particular properties such as
antibacterial and hydrogel forming
characteristics. Alginate films immobilized at a 3D porous textile structure seem to be an interesting
way for immobilizing and releagy bioactive substances (such as nisin). Moreover, surface
functionalization of PET with chitosan confer particular surface properties, and partjcakgibnic
surface (cf. Figure 29which makes the resulting textile a very good candidate as membi@ne

20,000 |

-20,000

zeta potential (mVv)

-40,000

-60,000

-80.000

Figure 29: Zeta potential values of functionalized PE
non-woven structures as a function of pH
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biosorption of surfactin (a lipopeptide) produced by Bacillus Subtillus in bioreactors (ARCIR 3 and
ARCIR 4, regional project).

Another approach developed for antibacterial applications is the functionalization of poly (ethylene
terephthalate) and polgropylene nonwovens by using quaternary ammonium molecules and
functional polymers (NOTIVIR, national project). The surface modification of these structures promotes
indeed antibacterial activities. Several active substances were applied by padding,rwitithout
surface preactivation by atmospheric air plasma treatment. Physical, chemical and biological
characterizations were carried out on the treated samples using various techniques such as wettability,
zeta potential, air permeability, cell vitalitypr antibacterial activity. An optimization of the
functionalization process leads to a reduced number of washes after the active substances deposition
and to a satisfactory antibacterial activity -Igg reduction) with Staphylococcus AureusThe
antibacteial properties mainly depend on the nature of the active substances (Q1;GQgfidential
formulations), but also on the structural parameters of the nonwovens (MB =4gleltvn, SB = Spun
bound) (cf. Figure 30).

4,5 -
4
05 min
35 1 "
015 min
E 31 @ 30 min
E 2,51 Emlh
g 2 1 m2h
g
g 1,5 1
g
q 14
<
0 T T T
MB Q1 SB Q1 MB Q2 SB Q2
Kind of structure

Figure 30Antibacterial activity for nonwoven structures
treated by Q1 and Q2 formulations depending on the mo

Hydrogels have become matedaused for drug delivery formulations ababmedical implants, due to

their biocompatibility, network structure, and molecular stabilitytbké incorporated bioactive agent
These propertiesare used in a large range applicationsgoingfrom food additives to pharmaceutical

and clinical applications. The development of PLA nonwoven surfaces functionalized with a bioceramic
(hydroxyapathite HA)/multilayers biopolymers (chitosan/alginate hydrogel) has also been studied for
future medical applications likeone tissue implantation aiming to replace and/or repair bone defects.
Thermosensitive hydrogels based on interpenetrating polymer networkef poly (N
isopropylacrylamideaind calcium alginateave also been synthesized and characteriZfdIPAAmM is a
biocompatible polymer which responds to simple changes in temperature by swelling or deswelling.
The ultimate aim othese investigationgs to develop textiles for transdermal drug delivery using these
thermo-sensitive hydrogels. The temperature control issered by a heating textile which serves as
substrate for the drugcontaining hydrogelARCUS project)
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Among the properties conferring to
textiles a high added value, the comfortZ=SE===3g
notion is extremely important. We ;
worked during numerous years on the
microencapsulation of phase changef
materials (PCM), these functional'
microcapsules being then fixed to a

textile surface (F. Salaun, E. Devaux, ¢ Figure 31SEM micrographes of microparésl

C2dzNBAI26GS t ® wdz containing xylitol for cooling applications (by U.
Minho for Devan & Damart)

containing microcapsules, in particular
LK &S OKFy3IAy3a Y (i SHNBOPALIPET/ARDSIDFEE]. Thiskindrofappioach uses
the melting endothermy of microencapsulated species and the exothermy of the crystallization in
order to regulate the surrounding temperature. More recently, we were interested in the possibility of
coneeiving refreshing clothes. For this purpose, the preparation and performance of microcapsules
interacting with the absorbed water to promote a cooling effect were investigated. The microcapsules
containing xylitol were prepared from xylitol and diphenyl tmgene diisocyanate (MDI) by an
interfacial polymerization process. The size and the morphology of the microparticles can be adjusted
by selecting different core/shell weight ratio and stirring rate. The encapsulation yield varies according
to the stirring rate applied during the emulsion step and the MDI amount introduced. Thus, a low
stirring rate and relatively high MDI amount lead to obtain high encapsulation yield. Furthermore, the
encapsulation yield values are related to the urea amounts detectedpectroscopy analyses. This
confirms that the formation of urea linkages enhances the stability of the polymer shell and reduces
the xylitol diffusion and therefore the formation of oligomers soluble in toluene. Furthermore, the
thermal stability of thevarious microparticles is mainly influenced by the urea content and therefore
by their mean diameter. The microencapsulated xylitol was characterized by scanning electron
microscopy (SEM) to illustrate its porous surface structurd @s morphology (cf. i§ure 3). The
formation of a porous shell observed by SEM allows the water molecule transfers to promote the
dissolution of the crystalline xylitol. DSC analyses show that the xylitol crystalline content and
crystallization process depend mainly on thegidg time at room temperature whereas the washing
tests do not influence these measured heats of dissolution, whigstrifite the nonrdiffusion of the

liquid xylitol solution through the porous shell. Thus, the combination of a porous shell with meisture
sensitive compound as xylitol would be useful for a material design of new functional microparticles
for thermal and moisture management.

Due to the important roles of the anions played in the biological processes, the recognition and
sensing of anions haeceived considerable attention over recent years. In addition, there is interest in
finding better and more efficient ways of detecting anions that can be potentially harmful to the
environment or human health. One such anion is cyanide, which is letiimans at concentrations

of 0.5¢3.5 mg per kg of body weight. Consequently, the presence of this anion in drinking water (1.9
>a & YFEAYdzy O2yOSyidNrdGAz2yo OFy LR&S || @SNE
our laboratory a new generatioof water soluble chemosensors able to detect selectively the cyanide
anions in pure water.
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Figure 32Colaur change and Ulis spectra of the chemosensor
modified cellulose fibber upon exposure to agueous solutions of differ
anions at PH=7

The water solubility of this new chemosensor generation was obtained by the incorporation of the
biosourced water soluble molecule such carbohydrates alydegol units on the starting organic
chemodosimeters or by the incorporation of the starting chemodosimeters on poly vinyl alcohol as
water soluble polymer. Then, the organic developed chemosensors were grafted on natluiaisee
fibres (cf. Figure 32and its optical properties were studied. The immersion of these functionalized
textiles in an aqueous solution of cyanide induced a colour change that can be used for the detection
of cyanide downto 0.0 dn1 >a @

3- Relationships between processes andxtie products properties Environmental quantification

The functional properties of a textile product are given by the application field. In order to enhance the
main property, to get new properties, or to go to multifunctional textiles, the processisiée be fully
understood. The main parameters for the design of new products concern the use of new fibres, and
the development of structures with different fibres association, multilayered or with different
organization. This has been studied in thedfief yarn spinning, knitted fabrics and mostly nonwoven
fabrics. The different applications of textile structures include structural composites, thermal and
acoustical isolation, filtration and separation, liquid management, biological applications ard non
structural mechanical properties. From an environmental point of view, improvements may be
provided by the use of new raw materials, which in turn will change the process, or by the use of best
available technologies, which have to be developed.

Finishirg treatments and dyeing processes are one of the most contributors to environmental impacts
on the whole life cycle of a textile product. They are related to high water consumption, and therefore
energy use, and to water and air pollution because of théssion of chemicals in wastes. We have
study some Best Available Technologies (BAT).The quantification and the analysis of the impacts is
done through life cycle analysis, LCA.

Microwaves have been added in a continuous dyeing pilot line. The dyeing spreegishanced by the
addition of microwaves and the requirement for textile aiaies is reduced (cf. Figure )33hus
limiting the environmental impact. The use of plasma treatments to get hydrophilic properties or
adhesion improvements of finishingatso expected to decrease environmental impacts.

However, there is a need to quantify the influence of process conditions on the environmental
footprint of the textile product. The main target is that, changing the process conditions also changes
the product quality. This has to be taken into account in LCA when comparing different process. We
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have introduced a lifetime indicator based on the abrasion resistance and coloe$astests results

(cf. Figure 34 This has been applied to bed sheets manufdctuprocesses, with LCA. The negative
effect of the manufacturing of a more durable product may go against the positive effects of the
lifetime. The modification of a treatment process or the substitution of hazardous molecules with bio
based ones has tbe studied by taking into account both the quality of the treated fabric and the
environmental impact. A methodology is developed to associate these two approaches.
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Figure 33K/S colouwalue according to processing time and
micro waves power for a contact temperature of 150°C
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Figure 34Environmental impacts as a function of lifetime indicator

Natural fibres from different qualities have also been transformed & garns or nonwovens.
Different studies have shown the interest of esparto fibres (CMCU, BIOCOMPALFA) and other fibres
such as linen, sisal. The different quality of natural fibre is responsible for the carding yield. This may
be improved by blending witbther fibres. Elementarisation of flax fibres, using enzymatic processes
and ultrasound, removes pectin and improves the surfgceperties which enablehe carding
process. Nonwovens have been manufacturing using pilot line (CENT), their propertiggagty s
NEflGSR (2 (GKS O2yaz2ftARIFIGA2Yy LI NI YSGSNA LINRPOSaay
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Biobased composites have been realized for orthopaedic applications in association with PU resins,
and we are studying the use of bioresins from jojoba andotasil. The association of flax/PP
needlepunched layers using hydroentanglement process gives new materials with enhanced
mechanical properties (cf. Figure B50ther properties are optimized with these fibres including
acoustic absorption. In air filtratn, nonwoven materials have been developed in order to get a filter
that combines good permeability and high efficiency. Our results show that section shape fibres
improves not only filtration properties of the nonwovens but also main of the propertiek as for a

given fibre diameter, filtration efficiency can be improved by increasing solid volume fraction, and that
the basis length (total length of fibre in unit surface of nonwoven) is a useful parameter for defining
the filtration properties (cf. Fige 3. The use of binary blends of different fibre diameters also
improves overall filtration behaviour, in comparison to nonwoven filters with equivalent unimodal
diameter distribution. A theoretical filtration model is used to predict filtration bebawifor different
structural characteristics and compared to experimental results. However, this comparison
demonstrates the limits of existing models in the case of fibre blends.

The use of ultrafine fibreis optimal for(supermicroniques, submicroniquesanofibres) special cross
liquid retention. Blending fibres in needlepunched nonwovens increases liquid capillary retention
without limiting the absorption kinetics.

The other developments in the nonwoveapplications are related to nestructural mechaital
properties. In the MEMOTI project, multifunctional material properties were targeted to substitute PU
foam: compressibility, resilience, sound absorption, recycling ability, no toxicity. This was achieved by
the associatiorof special fibres, such agltcrimping fibres.

Multifunctional properties are also expected for composites applications. In the MANSARD and NWCX
project, we are developing thick nhonwovens and porous composites to get mechanical properties
associated with thermal isolation and aatic absorption. The use of knitted fabrics for such
application is also studied. Most of all these properties are related to the fibres organisation in the
nonwoven porous structure. Different methodologies have been set up to get a better understanding
of the pores structure. Optical measurements give information on the repartition of fibres in the
nonwovens. However, this information is not relevant for thick nonwovens. Fluid behaviour is related
to this organisation. With Capillary measurements, statici dynamic equivalent pores radius are
representative of the pore size distribution. The air permeability is also a major parameter.
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compression test results. Theompressive stress o, is related to the fibre volume fraction &:

s=EK{F"-f M

where E is the fibre modulus. The composites made with nonwovens have an
exponent value close to 3, revealing 3D isotropic structuced={gure 3Y.

Experiment
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Figure 37Compression curve for nonwoven
composite sandwich
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3.3 Mechanicsz Textile compositesResearch Group

wCharacterization, modelling of textiles
structures

wDesign, implementation, optimization of
Textile Structures and their innovative
processes fabrication

wHybridization Textile Technology

wCollaborations & Associations

wl2Lab. Mines de DouaENSAM Paris and
Angers- UNSW, Australial CAM Nantes
w3Lab. y

Composites (MTC

Mechanics, Textile

3.3.1 Keywords

Modelling, simulation, structural parts, aeronautics, armour, ballistic

3.3.2 Overview

The MTC research group focuses on two main fields of application of textile composite structures:
Ballistics and Compgtte structural parts. In the first part of this section research activities related to
ballistics and weaving of textile structures able to stop projectiles and debris. Second part is dedicated

to novel approaches enabling the design and manufacturingtrottural composite parts mainly for
aeronautics applications.

1 -Ballistics

Based on the development of sgiéic dobby weaving loomHg 38 adapted for multlayer woven
fabrics, different 3D warp interlock structures have been defined, optimized anduped to give,
first, a better knowledge of the final geometry of mdhier fabrics and, second, a new solution to
protective material against ballistic impacts with different velocities and threats.
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Figure 38 Warp interlock weaving loom for protgpes

The loom was designed to keep the fabric straight, with a low percentage of 13% of fibore damages,
checked during the weaving process.

A first part of the research activities is dedicated to the geometrical modelling and optimization of
multi-layers voven fabrics (3D warp interlock).

The study of the warp interlock structures has first begun with a research contract on the 3D
geometrical modelling of warp interlock fabric and the mechanicaitin characterization through the

use of fibrous sensdPhD-13G] The main difference observglig. 39) between the geometrical tool

and the real geometry of warp interlock fabrics made with carbon yarns, pushes us to define a more
precise geometrical model able to predict crimp percentages, areal weights @oche fractions
reasonably accuratelffFig. 40)

1 mm

Figure 39 Real geometry using photomicrographs of Warp interlock fabric ret74hd, (A)
Transversal Section, (B) Longitudinal Section.

A”:

Figure 40 Theoric 2D and 3D geometrical moitejlof Warp interlock fabric ref. ARg4.7 (Wisetex
graphical representation)

The overall results show that an approximation regarding the cross sectional shape of warp and weft
tows which corresponds closely to the reality at mesactural level is ecessary in order to
understand and predict the geometry of the fabric. Relative fractional cover is a useful technological
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parameter to assign suitable warp and weft cross sectional shapes for prior to weaving modelling of
orthogonal/layer to layer warpnterlocks. Another advantage is the generic nature of the geometrical
approach as it can be applied to other das of warp interlocks as well (Fig 41).

a b c

Figure 41 Description of 1st variandf warp interlockfabric, a) Wisetex modelling geostric view; b
photomicrographs of longitudinal sectiony; 3D tomographyiew in weft direction

This work has been reinforced by another research contract done by Dr Irina CRISTIAN (funded by AUF
and ARCUS) coming from the lasi University of lasi in Ramisom September 2008 to February

2011, to provide a complete clustering of warp interlock fabrics and the optimization of their
mechanical characteristics through theditu measurements.

A specific study has been also done to check the influentdeeofarp yarns order of insertion inside a

3D warp interlock fabric on its real geometig 42)

Figure 42 Order of warp yarns for the same 3D interlock structure: (left) layer by layer insertion; (right)
through the thickness insertion

Figure 43. Real geometries of the produced warp interlock fabrics taking into account the order of
warp yarns; (left) layer by layer insertion; (right) through the thickness insertion
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Taking into account the insertion order of warp yarns inside the 3D warp iotedtructures, a
significant difference of fibres compactness can be revealed and lead to increase the volume fraction
ratio by using the well suited insertion meth@@ig 43)

Collaborative research activity was also performed with Patrick LAPEYRONMNDESt{Rlent at
ENSMD). An experimental study has been achieved to put on the fore the influence of all the weaving
process operations on the 3D warp interlock fabric and the influence of the resulted geometry leading
to different mechanical behaviours.
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Fig44. Tensile test performed in the warp direction of 3D warp interlock fabric; (left) observed rupture
mode; (right) modelled rupture mode

Chaine
_ , Trame

Ruptureen e ki Rupture en
compression S ) < ;

compression

Rupture en cisaille- Rupture en
” . P Cisaillement Haciion
Rupture en traction ment interlaminaire interlaminaire "

Fig45. Tensile test peormed in the weft direction of 3D warp interlock fabric; (left) observed rupture
mode; (right) modelled rupture mode

To complete and better understand the exact geometry of warp interlock fabrics, a research project
NUMTISS dealing with the modelling and numerical simulation of the weaving process is in progress
since September 2010, fonrtee year§PhD14]. Additionally, during the NUMTISS research projeet, in

situ measurements of mechanical stresses of 3D warp interlock fabrics using innovative sensors are
under investigatiofPhD-28].

The actual process to obtain a precise geometricadieh for a 3D textile dry structure, to be used into

a numerical computation system and predict mechanical behaviours, can be resumed in main four
steps(Fig 46) The lack of precision of the geometrical modelling push to first produce a sample real
sampleof the 3D textile structure. Then, to obtain a more confident numeric model of the textile
geometry a 3D scanning process is used to capture the 3D architecture of the 3D fabric thraugh a
destructiveway. An image analysis process in engaged to cortfie best solution of representative

unit cell to be replicated and homogenised in all the directions of the 3D textile structure. Then the
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adapted geometry of the 3D textile structure is obtained after a long time of computation process and
assuming manyarameters which can lead to a neawitable model to predict the real properties of
the final material.

Geometrical Modéding Adaptation of

of 3D Textile Structure Geometrical Modding of
3D Textile Structure

Problem 1 Pro?éxS

Textil® Btructure Textile |Stfucture

Productionof 3D :>Tomography)f 3D Te>dte|7:> Image Analysis and Data
Textile Structure Representative Unit ce Processingf Representative

Unit Cell

Virtual %;Zyetry of 3D Real Gegmetry of 3D

Problem 2 Problem 3

Figure 46. Actual problems concerning the 3D Textile structure Geometric Model

Thus, to propose an alternative approach of the modelling of the rfaanturing process of a 3D woven
structure made of threads composed of multiple continuous filaments, the project will be focused on
the suitable multiscale model(Hg 47) Then,global knowledgeis requiredon the manufacturing
process and the main motisnwhich influence the produced materials. It also implies knowledge of
material law behaviour of the fibrous reinforcement in dynamics during its assembly to give the 3D
textile structure.
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