Woven Fabric Engineering

edited by
Prof. Dr. Polona Dobnik Dubrovski



Woven Fabric Engineering
Edited by Prof. Dr. Polona Dobnik Dubrovski

Published by Sciyo
Janeza Trdine 9, 51000 Rijeka, Croatia

Copyright © 2010 Sciyo

All chapters are Open Access articles distributed under the Creative Commons Non Commercial Share
Alike Attribution 3.0 license, which permits to copy, distribute, transmit, and adapt the work in any
medium, so long as the original work is properly cited. After this work has been published by Sciyo,
authors have the right to republish it, in whole or part, in any publication of which they are the author,
and to make other personal use of the work. Any republication, referencing or personal use of the work
must explicitly identify the original source.

Statements and opinions expressed in the chapters are these of the individual contributors and

not necessarily those of the editors or publisher. No responsibility is accepted for the accuracy of
information contained in the published articles. The publisher assumes no responsibility for any
damage or injury to persons or property arising out of the use of any materials, instructions, methods
or ideas contained in the book.

Publishing Process Manager Jelena Marusic

Technical Editor Teodora Smiljanic

Cover Designer Martina Sirotic

Image Copyright Roman Sigaev, 2010. Used under license from Shutterstock.com

First published November 2010
Printed in India

A free online edition of this book is available at www.sciyo.com
Additional hard copies can be obtained from publication@sciyo.com

Woven Fabric Engineering, Edited by Prof. Dr. Polona Dobnik Dubrovski
p. cm.

ISBN 978-953-307-194-7



SC IYO CO M free online editions of Sciyo
° Books, Journals and Videos can

WHERE KNOWLEDGE IS FREE  be found at www.sciyo.com






Contents

Chapter 1

Chapter 2

Chapter 3

Chapter 4

Chapter 5

Chapter 6

b.

Chapter 7

Chapter 8

Chapter 9

Preface IX
Mechanical Properties Engineering

Anisotropy in Woven Fabric Stress and Elongation at Break 1
Radko Kovar

Mechanical Properties of Fabrics from Cotton
gnd Biodegradable Yarns Bamboo, SPF, PLA in Weft 25
Ziva Zupin and Krste Dimitrovski

Wing Tear: Identification of Stages of Static Process 47
Beata Witkowska and Iwona Frydrych

Effects of Topographic Structure on Wettability of Woven Fabrics 71
Alfredo Calvimontes, M.M. Badrul Hasan and Victoria Dutschk

Importance of the Cloth Fell Position and Its Specification Methods 93
Elham Vatankhah

Artificial Neural Networks and Their Applications
in the Engineering of Fabrics 111
Savvas Vassiliadis, Maria Rangoussi, Ahmet Cay and Christopher Provatidis

Porous Properties Engineering

Prediction of Elastic Properties of Plain Weave Fabric
Using Geometrical Modeling 135
Jeng-Jong Lin

Prediction of Fabric Tensile Strength
by Modelling the Woven Fabric 155
Mithat Zeydan

Data Base System on the Fabric Structural Design
and Mechanical Property of Woven Fabric 169
Seung Jin Kim and Hyun Ah Kim



Vi

C.

Chapter 10

Chapter 11

Chapter 12

d.

Chapter 13

Chapter 14

Chapter 15

e.

Chapter 16

Chapter 17

Chapter 18

Chapter 19

Chapter 20

Surface Properties Engineering

Surface Unevenness of Fabrics 195
Eva Mouckova, Petra Jiraskova and Petr Ursiny

Detection of Defects in Fabric by Morphological Image Processing
Asit K. Datta and Jayanta K. Chandra

Investigation of Wear and Surface Roughness of Different Woven
Glass Fabrics and Aramid Fibre-Reinforced Composites 233
Hasim Pihtili

Textile Production Engineering

Coated Textile Materials 241
Stana Kovacevi¢, Darko Ujevi¢ and Snjezana Brnada

Porosity of the Flat Textiles 255
Danilo Jaksi¢ and Nikola Jaksi¢

Woven Fabrics and Ultraviolet Protection 273
Polona Dobnik Dubrovski

Textile Composite Engineering

Microwaves Solution for Improving Woven Fabric 297
Drago Katovic

Composites Based on Natural Fibre Fabrics 317
Giuseppe Cristaldi, Alberta Latteri, Giuseppe Recca and Gianluca Cicala

Crashworthiness Investigation and Optimization
of Empty and Foam Filled Composite Crash Box 343
Dr. Hamidreza Zarei and Prof. Dr.-Ing. Matthias Kroger

Effects of the Long-Time Immersion on the Mechanical Behaviour
in Case of Some E-glass / Resin Composite Materials 363
Assoc.prof.dr.eng. Camelia CERBU

Simulations of Woven Composite Reinforcement Forming 387
Philippe Boisse

217









Preface

Woven Fabrics are flexible, porous materials used for clothing, interior and technical
applications. Regarding their construction they posses different properties which are
achieved to satisfy project demands for specific end-use. If woven fabrics are to be engineered
to fit desired properties with minimum production costs, then the relationship between their
constructional parameters and their properties must be first quantitatively established. So a
great attention should be focused on woven fabric engineering, which is an important phase
by a new fabric development predominantly based on the research work and also experiences.
For the fabric producer’s competitiveness fabric engineering is the important key for success
or at least better market position.

Nowadays, a great attention is focused on the fastest growing sector of textile industry,
e.g. technical textiles, which are manufactured primary for their technical performance
and functional properties rather than their aesthetic or decorative characteristics. Technical
woven fabrics are used in a large number of diverse applications such as protective clothing,
in agriculture, horticulture, finishing, building and construction, filtration, belting, hygiene,
automobiles, packaging, etc. Woven technical fabrics are also the reinforcement component
in engineering material no.1, e.g. composites, which offer significant opportunities for new
applications of textile materials in the area of aerospace, defence, construction and power
generation, land transportation, marine.

The main goal in preparing this book was to publish contemporary concepts, new discoveries
and innovative ideas in the field of woven fabric engineering, predominantly for the technical
applications, as well as in the field of production engineering and to stress some problems
connected with the use of woven fabrics in composites.

The book is organized in five main topics and 20 chapters. First topic deals with the
Mechanical Properties Engineering. For technical applications the mechanical properties of
woven fabrics are one of the most important properties. Many attempts have been made
to develop predictive models for mechanical properties of woven fabrics using different
modelling tools and to define the influence of woven fabric structure on some mechanical
properties. This topic includes six chapters dealing with: prediction of woven fabric tensile
strength using design experiment, artificial neural network and multiple regression (chapter
1), prediction of plain fabric elastic properties using finite element method (chapter 2), woven
fabrics tensile properties modelling and measuring (chapter 3), the influence of biodegradable
yarns (bamboo, polylactic acid, soybean protein) on mechanical properties of woven fabrics
(chapter 4), experimentally verified theory of identification of stages of cotton fabric by static
tearing process (chapter 5), and the data base system of the fabric structure design and
mechanical properties (chapter 6).

The second topic is focused on Porous Properties Engineering. Woven fabrics are porous
materials which allow the transmission of energy (electromagnetic radiations: UV, IR,



X

light,etc.) and substances (liquid, gas, particle) and are, therefore, interesting materials for
different applications. The chapters involved within this topics cover: the theory of flat textiles
porosity and the description of a new method for porosity parameters assessment based on
the air flow through the flat fabrics (chapter 7), the modelling of air permeability behaviour
of woven fabrics using artificial neural network method (chapter 8), and the theory of the UV
protective properties of woven fabrics with the emphasis on the influence of woven fabric
geometry on ultraviolet protection factor (chapter 9).

The woven fabric surface unevenness prediction and evaluation (chapter 10), detection of
woven fabric faults by morphological image processing (chapter 11), and the research dealing
with the surface properties of PES fabrics on the basis of chromatic aberration and dynamic
wetting measurements (chapter 12) are discussed within the third topic Surface Properties
Engineering.

The forth topic of the book deals with the Textile Production Engineering, where the use of
microwaves by finishing processes (chapter 13), basic properties and advantages of coated
fabrics with woven component as substrate (chapter 14), and the importance of the cloth-fell
position (chapter 15) are discussed.

The last topic Textile Composites Engineering involves the contributions dealing with
mostly woven fabrics as reinforcement phase in polymer composites. It comprehends the
characteristics of natural fabrics in composite ranging from mat to woven fabrics (chapter 16),
crashworthiness investigation of polyamid composite crash boxes with glass woven fabric
reinforcement (chapter 17), the influence of the immersion time in different environments
(water, natural seawater, detergent/water liquid) on some mechanical properties of E-glass
woven fabric reinforced polymer composites (chapter 18), the investigation of weight loss of
composites with glass woven fabric reinforcement as well as with aramid fibres reinforcement
(chapter 19), and simulations of composite reinforcement forming (chapter 20).

The advantage of book Woven Fabric Engineering is its open access fully searchable by
anyone anywhere, and in this way it provides the forum for dissemination and exchange of
the latest scientific information on theoretical as well as applied areas of knowledge in the
field of woven fabric engineering. It is strongly recommended for all those who are connected
with woven fabrics, for industrial engineers, researches and graduate students.

Editor

P D Dubrovski
University of Maribor,
Slovenia
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