WOODHEAD PUBLISHING IN TEXTILES

Textile advances
in the automotive
industry

Edited by R. Shishoo

G a3 Sr———
The Textile Institute



Textile advances in the automotive industry



ii
The Textile Institute and Woodhead Publishing

The Textile Institute is a unique organisation in textiles, clothing and footwear.
Incorporated in England by a Royal Charter granted in 1925, the Institute
has individual and corporate members in over 90 countries. The aim of the
Institute is to facilitate learning, recognise achievement, reward excellence
and disseminate information within the global textiles, clothing and footwear
industries.

Historically, The Textile Institute has published books of interest to its
members and the textile industry. To maintain this policy, the Institute has
entered into partnership with Woodhead Publishing Limited to ensure that
Institute members and the textile industry continue to have access to high
calibre titles on textile science and technology.

Most Woodhead titles on textiles are now published in collaboration with
The Textile Institute. Through this arrangement, the Institute provides an
Editorial Board which advises Woodhead on appropriate titles for future
publication and suggests possible editors and authors for these books. Each
book published under this arrangement carries the Institute’s logo.

Woodhead books published in collaboration with The Textile Institute are
offered to Textile Institute members at a substantial discount. These books,
together with those published by The Textile Institute that are still in print,
are offered on the Woodhead web site at: www.woodheadpublishing.com.
Textile Institute books still in print are also available directly from the Institute’s
website at: www.textileinstitutebooks.com.

A list of Woodhead books on textile science and technology, most of
which have been published in collaboration with The Textile Institute, can be
found pages on xi-xiii.



Woodhead Publishing in Textiles: Number 79

Textile advances
IN the automotive
industry

Edited by
R. Shishoo

»EJ‘\;:\\\\‘
N
I’ 2 ’;\

The Textile Institute

CRC Press
Boca Raton Boston New York Washington, DC

WOODHEAD PUBLISHING LIMITED
Cambridge, England




iv

Published by Woodhead Publishing Limited in association with The Textile Institute
Woodhead Publishing Limited, Abington Hall, Granta Park, Great Abington
Cambridge CB21 6AH, England

www.woodheadpublishing.com

Published in North America by CRC Press LLC, 6000 Broken Sound Parkway, NW,
Suite 300, Boca Raton, FL 33487, USA

First published 2008, Woodhead Publishing Limited and CRC Press LLC
© Woodhead Publishing Limited, 2008
The authors have asserted their moral rights.

This book contains information obtained from authentic and highly regarded sources.
Reprinted material is quoted with permission, and sources are indicated. Reasonable efforts
have been made to publish reliable data and information, but the authors and the publishers
cannot assume responsibility for the validity of all materials. Neither the authors nor the
publishers, nor anyone else associated with this publication, shall be liable for any loss,
damage or liability directly or indirectly caused or alleged to be caused by this book.

Neither this book nor any part may be reproduced or transmitted in any form or by any
means, electronic or mechanical, including photocopying, microfilming and recording, or
by any information storage or retrieval system, without permission in writing from
Woodhead Publishing Limited.

The consent of Woodhead Publishing Limited does not extend to copying for general
distribution, for promotion, for creating new works, or for resale. Specific permission must
be obtained in writing from Woodhead Publishing Limited for such copying.

Trademark notice: Product or corporate names may be trademarks or registered trademarks,
and are used only for identification and explanation, without intent to infringe.

British Library Cataloguing in Publication Data
A catalogue record for this book is available from the British Library.

Library of Congress Cataloging in Publication Data
A catalog record for this book is available from the Library of Congress.

Woodhead Publishing ISBN 978-1-84569-331-2 (book)
Woodhead Publishing ISBN 978-1-84569-504-0 (e-book)
CRC Press ISBN 978-1-4200-9000-0

CRC Press order number: WP9000

The publishers’ policy is to use permanent paper from mills that operate a
sustainable forestry policy, and which has been manufactured from pulp
which is processed using acid-free and elementary chlorine-free practices.
Furthermore, the publishers ensure that the text paper and cover board used
have met acceptable environmental accreditation standards.

Project managed by Macfarlane Book Production Services, Dunstable, Bedfordshire,
England (email: macfarl@aol.com)

Typeset by Replika Press Pvt Ltd, India

Printed by T J International Limited, Padstow, Cornwall, England



Contents

Contributor contact details xi
Woodhead Publishing in Textiles xv
Introduction XXI
R SHisHoo, Shishoo Consulting AB, Sweden
Part I: General
1 Requirements for automotive textiles — a car

producer’s view 3

E SoperBauM, Volvo Car Corporation, Sweden
1.1 Introduction 3
1.2 Automotive textiles 3
1.3 Volvo Car Corporation development process 5
1.4 Technical demands 5
1.5 Technical regulation 8
1.6 Design demands 12
1.7 Purchase demands 12
1.8 Purchase engineering demands 15
2 Mapping the automotive textile supply chain 17

N B PoweLL, R. HANDFIELD and R. BARNHARDT, North Carolina

State University, USA
2.1 Introduction 17
2.2 The importance of information in supply chains 18
2.3 Supply chain organizational dynamics 19
24 Creating information visibility in supply chains 20
2.5 Market analysis 23
2.6 Results of supply chain mapping: current practices and

linkages 29




Vi

2.7
2.8
29
2.10

3.1
32
33
34
35
3.6
3.7
3.8
39

4.1
4.2
4.3
4.4
4.5
4.6
4.7
4.8
4.9
4.10
4.11
4.12
4.13

5.1
52

53

Contents

Tactical recommendations for supply chain mapping
Conclusions

Sources of further information and advice
References

Woven and knitted fabrics used in automotive
interiors

T STEGMAIER, J] MAVELY, M ScHWEINS, V VON ARNIM, G SCHMEER-LIOE,
P SchunEIDER, H FinckH and H Pranck, ITV — Institute of Textile
Research and Process Engineering, Germany

Introduction

Various types of textile components in car interiors
Overview of main types of textiles used

Woven and knitted fabrics

Finishing of textiles

Processing multilayer systems

Test procedures and special properties

Future trends

References

Nonwovens used in automobiles
S J RusseLL and M J Tipper, University of Leeds, UK

Introduction
Headliners

Bonnet liners

Boot (trunk) liners
Door and parcel shelf
Seat

Floorcovering
Acoustic insulation
Automotive nonwoven filters
Other components
Future trends
Acknowledgements
References

Recycling of automotive textiles

X NorMAND, Institut Frangais du Textile et de 1’Habillement,
France

Introduction

Legislative considerations with regard to the disposability
of used vehicles

Shortcomings in the textile materials used today

35
38
39
41

43

43
44
46
47
49
50
51
58
61

63

63
67
70
71
72
72
73
75
80
82
83
84
84

86

86

87
88



54

5.5

5.6
5.7

Part Il:

6.1
6.2
6.3
6.4
6.5
6.6
6.7
6.8
6.9
6.10
6.11
6.12

7.1
7.2
7.3
7.4

1.5
7.6
1.7

8.1
8.2
8.3
8.4

Contents

Conception of recyclable engine air filters for the
automotive industry

Development of recyclable textile acoustic insulation
structures for the automotive market

Future trends

References

Automotive interiors

Design of automotive interior textiles
N B PoweLL, North Carolina State University, USA

Introduction

Current automotive environment
Automotive textiles market

Establishing the target consumer

Trim selection process

Impact of seat design requirements

New product development process for automotive trim
Sample development

Communicating value and design services
Future trends: innovative materials
Sources of further information and advice
References

Three-dimensional textiles and nonwovens for
polyurethane foam substitution in car seats
H ErtH and B GuLicH, STFI, Germany

Introduction

Properties and performance requirements for car seats
Types of materials used as cushions

Key technologies for replacing polyurethane foams in
car seats

Environmental advantages of using substitutes

Future trends

References

Physiologically optimised car seats
V T BarTeLS, Hohenstein Institutes, Germany

Introduction

Thermophysiological comfort of car seats
Measurement of seat comfort

Improving comfort properties of car seats

vii

91

98
108
109

113

113
114
117
121
122
123
124
125
134
135
137
138

140

140
141
142

144
145
146
149

150

150
151
156
163



viii

8.5
8.6
8.7
8.8

9.1
9.2

9.3
9.4
9.5
9.6

10

10.1
10.2
10.3
10.4
10.5

10.6

10.7
10.8

11

11.1
11.2
11.3

11.4
11.5

11.6
11.7

Contents

Conclusions

Future trends
Acknowledgements
References

Smart textiles in automotive interiors

F Boussu, C CocHRANE, M LEwANDOWSKI and V KONCAR,
ENSAIT - I’Ecole Nationale Supérieure des Arts et Industries
Textiles, France

Introduction

Technical elements enabling the production of smart
textiles

Textile sensors

Textile actuators

Conclusions

References

Reducing noise in automotive interiors
J'Y CHeNn, Louisiana State University Agricultural Center, USA

Causes of noise generation in moving vehicles
Theory of noise-minimizing properties of textiles
Textile materials for noise absorption

Textile materials for noise insulation

Testing methods for acoustical properties of textile
materials

Engineering of acoustic textiles for noise control in
vehicles

Future trends

References

Leather and coated textiles in automotive interiors
M MEYER, H Schurz and M StoLL, Research Institute of Leather
and Plastic Sheeting (FILK), Germany

Introduction

Technologies for producing leather for automobiles
Technologies for the production of coated textiles and
artificial leather for the automotive industry

A special case: leather board

Testing of leather and coated textiles for automotives:
physical and chemical requirements

Sources of further information and advice

References

169
170
170
170

172

172

178
180
188
196
196

198

198
201
201
207

210
218
225
227

229

229
230

237
245

245
247
249



Contents
Part lll: Safety applications of automotive textiles

12 Technical developments and market trends of
automotive airbags
S K MukHOPADHYAY, Sans Fibres (Pty) Ltd, South Africa

12.1 Historical background

12.2  Materials and processes

12.3  Airbag deployment and performance criteria
12.4  Market trends and developments

12.5  Future expectations and possible challenges
12.6  Bibliography

13 Key technology developments in textiles for use in
automotive tires
W K WEsTGATE and J G GiLrick, The Goodyear Tire & Rubber
Company, USA

13.1 Introduction

13.2  Properties and performance requirements of tires

13.3  Recent developments in fiber/textile reinforcements used
in tire manufacturing

13.4  Fiber-rubber adhesion in tires

13.5  Recent advances in tire designs

13.6  Future trends

13.7  Sources of further information and advice

13.8  References

Part IV: Use of textiles in automotive bodywork

14 Textile structures for load-bearing applications in
automobiles
T Grigs, J STUEVE, T GRUNDMANN and D VEIT, RWTH Aachen
University, Germany

14.1 Introduction

14.2  Latest advances in technologies for producing 2D and
3D textile load-bearing structures for automotive
applications

14.3  Processing textiles using preforming and prepreg
technology

14.4  Applications of textile structures in automobiles

14.5  Future trends

14.6  References

255

255
257
261
264
267
268

270

270
271

280
285
289
292
294
296

301

301

302

313
317
317
318



15

15.1
15.2
15.3

15.4
15.5
15.6
15.7
15.8

Contents

Textile composites for automotive structural

Components
F K Ko, University of British Columbia, Canada

Introduction

Textile structures for automotive composites
The role of fiber architecture in composite
performance

The Sunrise™ electrical vehicle program
Examples of composite structural components
Summary and future trends
Acknowledgements

References

Index

320

320
322

325
328
334
338
342
342

344



Xi

Contributor contact details

(* = main contact)
Editor and Introduction

Professor R. Shishoo
Shishoo Consulting AB
Svartlavsvidgen 18
43639 Askim

Sweden

E-mail: roshan.shishoo
@shishooconsulting.se

Chapter 1

E. S6derbaum

Volvo Car Corporation (VCC)
Gothenburg

Sweden

E-mail: erik@soederbaum.se

Chapter 2

Professor N. B. Powell* and
R. Barnhardt
CB 8301
College of Textiles
North Carolina State University
Raleigh, NC 27695
USA

E-mail: nancy_powell@ncsu.edu

Professor R. Handfield

CB 7229

College of Management

North Carolina State University
Raleigh, NC 27695

USA

E-mail: robert_handfield @ncsu.edu

Chapter 3

Dr T. Stegmaier,* J. Mavely,
M. Schweins, Dr V. von Arnim,
G. Schmeer-Lioe, P. Schneider,
H. Finckh and
Professor H. Planck

ITV — Institute of Textile Research
and Process Engineering

Koerschtalstr 26

D-73770 Denkendorf

Germany

E-mail: thomas.stegmaier @itv-
denkendorf.de



Xii Contributor contact details

Chapter 4

Professor S. J. Russell* and
M. J. Tipper

Nonwovens Innovation & Research
Institute (NIRI)

Centre for Technical Textiles

Woodhouse Lane

University of Leeds

Leeds LLS2 9JT

UK

E-mail: s.j.russell@leeds.ac.uk

Chapter 5

X. Normand

Institut Frangais du Textile et de
I’Habillement

France

E-mail: Xnormand @ifth.org

Chapter 6

Professor N. B. Powell

CB 8301

College of Textiles

North Carolina State University
Raleigh, NC 27695

USA

E-mail: nancy_powell @ncsu.edu

Chapter 7

Dr H. Erth* and B. Gulich
STFI

Saxon Textile Research Institute
Annaberger Strasse 240
D09125 Chemnitz

Germany

E-mail: holger.erth@stfi.de
bernd.gulich@stfi.de

Chapter 8

Dr V. T. Bartels

Hohenstein Institutes

Department of Clothing Physiology
D-74357 Boennigheim

Germany

E-mail: v.bartels@hohenstein.de

Chapter 9

F. Boussu,* C. Cochrane, M.
Lewandowski and
Professor V. Koncar

ENSAIT — I’Ecole Nationale
Supérieure des Arts et Industries
Textiles

Laboratory GEMTEX

Roubaix

France

E-mail: vladan.koncar @ensait.fr



Chapter 10

Professor Jonathan Y. Chen
School of Human Ecology
Louisiana State University
Agricultural Center

Baton Rouge, LA 70803
USA

E-mail: chenyan@Isu.edu

Chapter 11

Dr M. Meyer,* Dr H. Schulz and
Professor M. Stoll

Research Institute of Leather and
Plastic Sheeting (FILK)

MeiBner Ring 1-5

D-09599 Freiberg/Sa

Germany

E-mail: michael.meyer
@filkfreiberg.de

Chapter 12

Dr Samir K. Mukhopadhyay

Sans Fibres (Pty) Ltd

Peter Barlow Drive & Sacks Circle
Bellville 7530

Cape Town

South Africa

E-mail: mukhopadhyays@sans.co.za

Contributor contact details xiil

Chapter 13

W. K. Westgate* and
DrJ. G. Gillick
Corporate Research Division
The Goodyear Tire & Rubber
Company
142 Goodyear Boulevard
Akron, OH 44305
USA

E-mail: kwestgate @ goodyear.com
jim_gillick@goodyear.com

Chapter 14

Professor T. Gries,* J. Stueve,
Dr T. Grundmann and D. Veit

Institut fuer Textiltechnik

RWTH Aachen University

52056 Aachen

Germany

E-mail: thomas.gries
@ita.rwth-aachen.de

Chapter 15

Dr F. K. Ko

Advanced Materials and Process
Engineering Laboratory

Department of Materials
Engineering

University of British Columbia

Vancouver, British Columbia

Canada

E-mail: frank.ko@ubc.ca



Xiv



10

11

12

13

XV

Woodhead Publishing in Textiles

Watson’s textile design and colour Seventh edition
Edited by Z. Grosicki

Watson’s advanced textile design
Edited by Z. Grosicki

Weaving Second edition
P.R. Lord and M. H. Mohamed

Handbook of textile fibres Vol 1: Natural fibres
J. Gordon Cook

Handbook of textile fibres Vol 2: Man-made fibres
J. Gordon Cook

Recycling textile and plastic waste
Edited by A. R. Horrocks

New fibers Second edition
T. Hongu and G. O. Phillips

Atlas of fibre fracture and damage to textiles Second edition
J. W. S. Hearle, B. Lomas and W. D. Cooke

Ecotextile *98
Edited by A. R. Horrocks

Physical testing of textiles
B. P. Saville

Geometric symmetry in patterns and tilings
C. E. Horne

Handbook of technical textiles
Edited by A. R. Horrocks and S. C. Anand

Textiles in automotive engineering
W. Fung and J. M. Hardcastle



14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

Woodhead Publishing in Textiles
Handbook of textile design
J. Wilson

High-performance fibres
Edited by J. W. S. Hearle

Khnitting technology Third edition
D. J. Spencer

Medical textiles
Edited by S. C. Anand

Regenerated cellulose fibres
Edited by C. Woodings

Silk, mohair, cashmere and other luxury fibres

Edited by R. R. Franck

Smart fibres, fabrics and clothing
Edited by X. M. Tao

Yarn texturing technology
J. W. S. Hearle, L. Hollick and D. K. Wilson

Encyclopedia of textile finishing
H-K. Rouette

Coated and laminated textiles
W. Fung

Fancy yarns
R. H. Gong and R. M. Wright

Wool: Science and technology
Edited by W. S. Simpson and G. Crawshaw

Dictionary of textile finishing
H-K. Rouette

Environmental impact of textiles
K. Slater

Handbook of yarn production
P. R. Lord

Textile processing with enzymes
Edited by A. Cavaco-Paulo and G. Giibitz

The China and Hong Kong denim industry
Y. Li, L. Yao and K. W. Yeung



31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

Woodhead Publishing in Textiles XVii
The World Trade Organization and international denim trading
Y. Li, Y. Shen, L. Yao and E. Newton

Chemical finishing of textiles
W. D. Schindler and P. J. Hauser

Clothing appearance and fit
J. Fan, W. Yu and L. Hunter

Handbook of fibre rope technology
H. A. McKenna, J. W. S. Hearle and N. O’Hear

Structure and mechanics of woven fabrics
J. Hu

Synthetic fibres: nylon, polyester, acrylic, polyolefin
Edited by J. E. McIntyre

Woollen and worsted woven fabric design
E. G. Gilligan

Analytical electrochemistry in textiles
P. Westbroek, G. Priniotakis and P. Kiekens

Bast and other plant fibres
R. R. Franck

Chemical testing of textiles
Edited by Q. Fan

Design and manufacture of textile composites
Edited by A. C. Long

Effect of mechanical and physical properties on fabric hand
Edited by Hassan M. Behery

New millennium fibers
T. Hongu, M. Takigami and G. O. Phillips

Textiles for protection
Edited by R. A. Scott

Textiles in sport
Edited by R. Shishoo

Wearable electronics and photonics
Edited by X. M. Tao

Biodegradable and sustainable fibres
Edited by R. S. Blackburn



XViii Woodhead Publishing in Textiles
48 Medical textiles and biomaterials for healthcare
Edited by S. C. Anand, M. Miraftab, S. Rajendran and J. F. Kennedy

49 Total colour management in textiles
Edited by J. Xin

50 Recycling in textiles
Edited by Y. Wang

51 Clothing biosensory engineering
Y. Liand A. S. W. Wong

52 Biomechanical engineering of textiles and clothing
Edited by Y. Li and D. X-Q. Dai

53 Digital printing of textiles
Edited by H. Ujiie

54 Intelligent textiles and clothing
Edited by H. Mattila

55 Innovation and technology of women’s intimate apparel
W. Yu, J. Fan, S. C. Harlock and S. P. Ng

56 Thermal and moisture transport in fibrous materials
Edited by N. Pan and P. Gibson

57 Geosynthetics in civil engineering
Edited by R. W. Sarsby

58 Handbook of nonwovens
Edited by S. Russell

59 Cotton: Science and technology
Edited by S. Gordon and Y-L. Hsieh

60 Ecotextiles
Edited by M. Miraftab and A. Horrocks

61 Composite forming technologies
Edited by A. C. Long

62 Plasma technology for textiles
Edited by R. Shishoo

63 Smart textiles for medicine and healthcare
Edited by L. Van Langenhove

64 Sizing in clothing
Edited by S. Ashdown



65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

Woodhead Publishing in Textiles XiX

Shape memory polymers and textiles
J. Hu

Environmental aspects of textile dyeing
Edited by R. Christie

Nanofibers and nanotechnology in textiles
Edited by P. Brown and K. Stevens

Physical properties of textile fibres Fourth edition
W. E. Morton and J. W. S. Hearle

Advances in apparel production
Edited by C. Fairhurst

Advances in fire retardant materials
Edited by A. R. Horrocks and D. Price

Polyesters and polyamides
Edited by B. L. Deopora, R. Alagirusamy, M. Joshi and B. S. Gupta

Advances in wool
Edited by N. A. G. Johnson and 1. Russell (forthcoming)

Military textiles
Edited by E. Wilusz

3D fibrous assemblies: Properties, applications and modelling of
three-dimensional textile structures
J. Hu

Medical textiles 2007
Edited by J. Kennedy, A. Anand, M. Miraftab and S. Rajendran
(forthcoming)

Fabric testing
Edited by J. Hu

Biomimetics and textiles
Edited by A. Abbott and M. Ellison (forthcoming)

Friction in textiles
Edited by B. S. Gupta

Textile advances in the automotive industry
Edited by R. Shishoo



XX



